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INTRODUCTION 
 
Reports on current activities in the area of Fast Reactor Knowledge Preservation 
(FRKP) work were presented. Following presentations by IAEA staff, the consultants 
noted that: 

1. There is on-going interest in many IAEA Member States to preserve existing 
fast reactor data and knowledge. 

2. The IAEA has started an initiative to coordinate and facilitate the various 
national FRKP efforts. The objective of the initiative is to develop a Knowledge 
Base into which existing Knowledge Preservation Systems will fit, and which 
will complement and integrate future Member States’ efforts to preserve fast 
reactor data and knowledge. Its outcome will be an international Knowledge 
Base, widely used through a WWW-Portal established and maintained by the 
Agency. The initiative relies on both IAEA and Member States contributions. 
The Agency contributes its own data and knowledge accumulated over more 
than 35 years of activities performed within the framework of the TWG-FR 
[formerly International Working Group on Fast Reactors (IWG-FR)]. It will 
further create a FRKP network among the interested Member States, and will 
support and coordinate FRKP activities in the Member States. Last, but not least, 
it is developing the principles of classification, and will create and maintain the 
WWW Knowledge Portal. However, the responsibility for data retrieval and 
interpretation, as well as quality assurance will rest with the individual Member 
States joining the initiative. To start implementation of the IAEA initiative, a 
number of meetings have been held on the subject of fast reactor knowledge 
preservation, specifically: 
— The initiative received support at a special technical session, entitled 

“Passing on Fifty Years of Fast Reactor Knowledge to a New Generation 
in Nuclear Research and Development”, which was held at the 2001 
American Nuclear Society Winter Meeting, and co-chaired by Argonne 
National Laboratory (ANL) and IAEA staff 

— The kick-off meeting of the initiative was an international consultancy 
meeting convened by the IAEA and hosted by the Argonne National 
Laboratory in Idaho Falls (ANL-West), 2 – 4 April 2002. The main 
objective of the consultancy was to define the scope of the fast reactor 
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knowledge preservation efforts (what should be preserved), and to produce 
a road map for the implementation of these efforts (work plan, funding 
sources, national and international coordination).  

— In another, more general development, the IAEA Director General 
convened a meeting of senior officials form around the world to address 
the more general issue of nuclear knowledge management (Vienna, 17 – 
19 June 2002). At this meeting, there was strong agreement that the 
knowledge gained over the past 50+ years of reactor technology 
development must be preserved and transferred to future generations. 
There was also widespread agreement that, for sustainability reasons, long-
term development of nuclear power as a part of the world’s future energy 
mix, will require the fast reactor technology, and that, given the decline in 
fast reactor development projects, data retrieval and knowledge 
preservation efforts in this area are of particular importance. 

— A follow-up specialists’ meeting to the 2002 Idaho Falls kick-off meeting 
was convened by the IAEA and hosted by KAERI in Taejon, 15 – 16 May 
2003, in conjunction with the 36th Annual Meeting of the TWG-FR. 

3. In 2003/2004, a first focus of the IAEA initiative was concentrated on the 
preservation of data and information related to the experimental fast reactor 
KNK-II in Karlsruhe, Germany. The urgency of this project was given by the 
impending physical destruction of the installation, including the office buildings 
(site to be returned to “green lawn” status by the end of 2005). Important 
KNK-II documentation was brought to safety and preserved just in time. The 
sources for the KNK-II data and documents included the KNK archive, still 
available in the KNK building, containing project related documents (e.g., 
operational history, operational experience and lessons learned documentation, 
etc), and personal archives from retired FZK [Forschungszentrum Karlsruhe, 
formerly Kernforschungszentrum Karlsruhe (KFK)] and INTERATOM staff 
containing mostly R&D related documents and also scientific publications 
which were not yet stored in INIS. The information was retrieved, some 500 
documents were quality checked, and finally 191 were deemed worth 
preserving. For these, bibliographic records and full texts were included into 
INIS. All in all, 264 documents were digitized (mostly from originals yielding 
very high quality electronic files, and a few from microfiches) and OCRed, thus 
ensuring full-text search capabilities. 

4. Efficient and economic data storage and retrieval systems are now available 
which permit the secure operation of a knowledge preservation system. 

5. There is an urgent need for such an international fast reactor knowledge 
preservation and retrieval system. 

6. Activities in this area can serve as a model for knowledge preservation 
initiatives for all nuclear reactor systems. 

 
This consultancy was convened with the following objectives: 

— Make recommendations on FRKP methodology and guidance 
— Review the proposed structure of the Agency’s FRKP Initiative 
— Make recommendations on the role of the Agency and the Member States 

implementing the Agency’s FRKP Initiative 
— Develop an approach for the implementation of the structure of the 

Agency’s FRKP Initiative 
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— Propose Member States contributions and ways and means of securing 
them. 

 
The terms of reference of the consultancy, and the list of participants are attached as 
Annex I, and II, respectively. 
 

CONCLUSIONS, RECOMMENDATIONS AND ACTIONS 
 
The consultancy discussed and agreed on the following conclusions, recommendations, 
and action list: 
 
1. General Principles 

— A systematic method of capturing data and knowledge related to FRs is 
required. 

— This system should have a standard structure, which will allow all members 
to contribute to and use the FRKP system. 

— The structure of the system will provide guidance but will not be imposed 
on Member States. 

— The IAEA will be responsible for developing and maintaining the 
international FRKP system in accordance with the Agency standards and 
requirements. The Agency shall take full account of the security 
requirements of such a system. 

— Individual Member States and companies will be responsible for retrieval, 
transfer, and quality assurance of their contributions to the IAEA FRKP 
system. 

— Individual users will be responsible for any use they make of the data and 
information contained in the IAEA FRKP system. 

 
2. Structure of the IAEA FRKP System 
A preliminary structure has been presented at the beginning of the meeting and was 
further developed in discussion during the consultancy. The resulting structure is 
illustrated in Table 1. The structure is based on a multi-level principle, of which the 
table illustrates the two highest levels. The first of these highest levels follows the 
lifetime activities related to the realization of nuclear reactor technology (timeline). The 
second level contains the topics relating to each activity on the timeline. There are 
several levels of detail for each topic, and these are not depicted in Table 1. The 
consultancy suggests further developing these detailed levels with the help of 
specialists’ meetings [if needed and taking into account already existing earlier work 
(see Annexes III and IV)]. Figures 1 and 2 show examples of the detailed structure (with 
3 and 4 levels for one particular item, in these cases for “control”, and for “coolant”, 
respectively). 
 
3. Functions of the IAEA FRKP System 
As mentioned in the Introduction, the IAEA FRKP System will draw on the information 
resources of Member States and on existing IAEA databases and resources. It may be 
necessary to develop appropriate interfaces to permit the data transfer. Ideally the end- 
 
user will only have to deal with the IAEA Knowledge Portal when accessing fast reactor 
data, information or knowledge. The functional principles are illustrated in Figure 3. 
The minimum standard for both the national and IAEA FRKP resources should include: 

— Title of the document 
— Authors 
— Abstract & keywords 
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— Electronic copy (including drawings) or (in case the information is 
considered to be commercial) a commercial flag 

Summary/synthesis documents on specific topics are also highly desirable. 
The relations between (i) the Member States’ resources, existing knowledge 
preservation structures and/or Member States’ databases, (ii) the IAEA Fast Reactor 
Knowledge Portal, and (iii) the user of the Knowledge Base are shown on Figure 3. 
 
4. Recommendations and Actions 
The consultants recommended: 

— That the IAEA continue to support and coordinate the Member States’ data 
retrieval and knowledge preservation efforts in the area of Fast Reactors 
(action on A. Stanculescu). 

— That the IAEA encourage Member States to identify and prioritize 
preservation of information that is in danger of being lost (action on A. 
Stanculescu). 

— That IAEA invites Member States to arrange for, and facilitate the transfer 
of their FRKP data to the IAEA system. The consultancy emphasizes the 
need for prompt action since in some areas there is only a very small time 
window of opportunity for FRKP (action on A. Stanculescu). 

— That the IAEA commission the design and construction of a suitable FRKP 
system (action on Y. Yanev). 

— That a pilot project be carried out to test the compatibility of Member 
States’ information resources and knowledge preservation systems with the 
proposed IAEA structure (action on Y. Yanev). 

— A number of Member States and individual companies were involved in the 
design, construction, and operation of Fast Reactors. It is recommended that 
the IAEA make an international appeal for archive records relating to this 
work, since many of these countries and companies have already 
withdrawn, or are withdrawing from this area of work (action on A. 
Stanculescu). 

— That IAEA work with Member States to ensure that they include within 
decommissioning projects the requirement to identify and preserve 
potentially valuable samples together with their history, provenance, as well 
as the respective documentation, since decommissioning provides a unique 
opportunity to examine how reactor components and materials actually 
behaved compared to the design assumptions. This information is of great 
potential value to future designers (action on A. Stanculescu and Y. Yanev). 

— The Coordinated Research Project (CRP) is a valid mechanism to advance 
IAEA’s FRKP initiative, and consequently recommends IAEA to 
formulate, agree within the TWG-FR, and submit to the respective IAEA 
committee an appropriate CRP (or, if needed, several CRPs) on FRKP 
topics (action on A. Stanculescu). 

— That the IAEA make additional efforts to publicize in journals, letters to 
governments, letters to organizations, … the FRKP initiative (action on Y. 
Yanev). 
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ANNEX I

Consultancy on the  
“IAEA Initiative to Establish a Fast Reactor Knowledge Base” 

 

Terms of Reference 
 

Date: 8 – 10 December 2004  
Venue: IAEA Headquarters, Vienna, Austria 
 
Participants: 
Germany:   Gerhard Heusener  
Japan:    Kiyoto Aizawa 
Russia:    Victor Murogov  
    Vladimir Poplavskiy 
United Kingdom:  George Linekar 
United States of America: Ed Purvis  
 
Background 
 
For three decades several countries had large and vigorous fast breeder reactor development 
programs. Fast reactor development programs were at their peaks by 1980. Fast test reactors 
(Rapsodie (France), KNK-II (Germany), FBTR (India), JOYO (Japan), DFR (UK), BR-10, 
BOR-60 (Russia), EBR-II, Fermi, FFTF (USA)) were operating in several countries, with 
commercial size prototypes (Phénix, Superphénix (France), SNR-300 (Germany), MONJU 
(Japan), PFR (UK), BN-350 (Kazakhstan), BN-600 (Russia)) just under construction or coming 
on line. From that time onward, fast reactor development in general began to decline. By 1994 in 
the USA, the Clinch River Breeder Reactor (CRBR) had been cancelled and the two fast reactor 
test facilities, FFTF and EBR-II had been shutdown — with EBR-II permanently, and FFTF in a 
standby condition. Thus, effort for fast breeder reactor development essentially disappeared. 
Similarly, programs in other nations were terminated or substantially reduced. In France, 
Superphénix was shut down at the end of 1998; SNR-300 in Germany was completed but not 
taken into operation, and KNK-II was permanently shut down in 1991 (after 17 years of 
operation) and is scheduled to be dismantled by 2004; in the UK, PFR was shut down in 1994; 
BN-350 in Kazakhstan was shut down in 1998. Loss of the fast reactor knowledge should be 
taken seriously. The delay and economic impact of restoring the fast reactor option a few decades 
from now without the present knowledge would be enormous. By that time, all the facilities 
needed to generate the information originally, and the people who possessed the knowledge 
would be long gone. 

 
The Agency’s Initiative on Fast Reactor Knowledge Preservation 
Preservation of nuclear knowledge has been high on the agenda of the Member States in the last 
several years, and its importance has been reflected in a number of General Conference 
resolutions. 

With regard to the fast reactor technology area, many Member States have repeatedly 
underscored the importance of knowledge preservation and transmission to the young generation. 
In response to expressed needs by Member States, the IAEA [within the framework and drawing 
on the wide expertise of its Technical Working Group on Fast reactors (TWG-FR)] has 
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undertaken concrete steps towards the implementation of a fast reactor data retrieval and 
knowledge preservation initiative (FRKP). The objective of the initiative is to develop a 
Knowledge Base into which existing Knowledge Preservation Systems will fit, and which will 
complement and integrate future Member States’ efforts to preserve fast reactor data and 
knowledge. Its outcome will be an international Knowledge Base, widely used through a WWW-
Portal established and maintained by the Agency. The initiative relies on both IAEA and Member 
States contributions. 
 
The Agency role can be summarized as follows: 

— Development of appropriate structure, methodology and guidance for fast reactor data 
retrieval and knowledge preservation, and providing it to the interested Member States 

— Establishing pilot projects for retrieving and preserving fast reactor data and knowledge in 
critical areas and for endangered installations 

— Facilitating partnership with other international organizations 

— Providing, within the TWG-FR, a forum for exchange of best practices 

— Integrating available information resources into a knowledge system. 
 
The Member States’ contributions can be summarized as follows: 

— Identification of the location of fast reactor development, operation, and decommissioning 
data and knowledge 

— Assessment of the quality and completeness of the data and information, as well as of the 
degree to which it is endangered 

— Conversion of the data into a robust and secure digital form 
— Development of interpretive documents that are defining the final state of affairs and its 

rationale 
— Preparation of bibliographical records, including index/key words in cooperation with and 

using INIS resources 

— Facilitation of the provision of access to the information (not necessarily open release if 
commercial) within the international Knowledge Base to be administered and preserved by 
the IAEA. 

 

Objectives of the Consultancy 
The Agency will present to the senior experts the structure of its initiative to preserve fast reactor 
data and knowledge as part of the more general nuclear knowledge management structure 
currently being implemented by the IAEA. 
The experts are asked to: 

— Make recommendations on methodology and guidance 
— Review the proposed structure 
— Make recommendations on the role of the Agency and the Member States 
— Develop an approach for the implementation of this structure 
— Propose Member States contributions and ways and means of securing them. 
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ANNEX IV

Proposal for the Knowledge Base Index 
 
The following proposal was put forward for a possible knowledge base index to 
describe the scientific and multi-discipline research and development activities that 
contribute to the design, construction and operation of fast reactors (either to the core or 
to the rest of the plant). 

I. Relevant to the Core 
a. Safety 
Fuel failure and fuel failure propagation mechanisms, failed fuel detection. The 
mechanical behavior of the core during both normal and beyond-design operating 
regimes including seismic cycles  

b. Thermal-hydraulics 
Thermal-hydraulic testing of fuel assemblies, the core and its supporting systems, major 
heat transfer systems, piping, elbows, valves and in the detailed design of monitoring 
systems, including failed components, in all operating, shut-down, and accident regimes 

c. Thermo-mechanics 
Structural properties and lifetime effects, heat transfer coefficients for all materials, 
aging behaviour 

d. Codes and standards 
Structural codes and standards including seismic analytical methods 

e. Materials 
Testing of coolant, fuel and cladding materials and core structural materials in both 
normal and beyond-design operating regimes and lifetime effects 

f. Fuel 
Criteria for selection of fuel matrices, options (metal, oxide, carbide with different 
fissile contents), fabrication methods, irradiation testing facility design, lifetime effects 
(fission-product production, irradiation induced swelling data, etc.) 

g. Fuel cladding 
Criteria for selection of cladding, options, fabrication methods, irradiation Testing 
facility design, lifetime effects (loss of metal ductility, increased hardness, ductile-to-
brittle transition temperature changes, creep rate changes, and irradiation swelling data) 

Criteria for selection of a bond, fuel-cladding bonding options (gas, liquid metal, 
mechanical), material compatibility, lifetime effects 

h. Physics 
Analytical methods, neutron spectra, testing at zero-power in critical assemblies and 
confirmation at various power levels 
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II. Relevant to the Remainder of the Nuclear Power 

Plant 
a. Safety 
Primary heat transfer boundary (vessel and piping) structural integrity, seismic support 
analysis, heat exchanger and steam generator tube integrity, consequences of all failure, 
common failure analysis 

b. Operational Experience 
Commissioning and start-up testing, rise to power and behaviour during transient 
testing, operation during accident conditions, recovery from accidents 

c. Coolant and its cover gas 
Cover-gas and thermal interface behaviour in different operating and decay heat 
regimes 

d. Coolant technology 
Handling ex-reactor, filling of systems and heating (if required) to operational 
conditions, behaviour in off-normal conditions 

e. Coolant thermal-hydraulics 
Thermal-hydraulic analysis of coolant flows through plant components (vessels and 
piping, heat exchangers, valves and venturii) for all operating and accident regimes 

f. Cover gas thermal-hydraulics 
Thermal-hydraulic analysis of cover-gas flow through upper plant components for all 
operating and accident regimes 

g. Thermo-mechanics 
Thermal expansion (and resulting movements) of system components (Vessels, piping 
and supports) during different operational regimes 

h. Codes and standards 
Vessel and piping standards, fabrication quality control standards, monitoring 
instrument standards, assembly methods and quality assurance 

i. Materials 
Vessel and piping and structural material testing in normal and beyond design 
conditions, material aging characteristics 

j. Mechanical aspects of in-coolant equipment 
Structural analysis of plant components during different operational and accident 
regimes including seismic disturbances, lifetime behaviour in a stress environment 

k. In-Service Inspection and repair 
Methods and reliability of in-service inspection and experience in repair of components 

l. Sodium fires (where sodium is used) 
Sodium pool and spray fires and their suppression, analysis and test results 

m. Decontamination and Decommissioning 
Disassembly and decontamination experience 
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III. Design of Reactor Systems  

Knowledge from design and operating experience, covering both normal operation and 
accident regimes. 

a. Core systems 
Fuel pins and assemblies, core and shutdown system ducting, core support and seismic 
restraint systems 

b. Monitoring systems 
Thermo-couples, flow meters, pressure sensors, flux meters, delayed neutron detectors, 
and all manner of monitoring systems, their circuits and electronics 

c. Protective and shut-down systems 
Normal and emergency shutdown rods and drive mechanisms, passive control systems, 
system supports 

d. Primary heat-transfer systems 
Structures: vessels and piping, primary pumps and heat exchangers 

e. Second heat transfer and Heat rejection systems including the Steam 
Generator 

Structures: vessels and piping, secondary pumps, valves, and heat exchangers. Steam 
generator and other heat rejection systems. Steam cycle design. 

f. Decay Heat removal systems 
Thermo-hydraulic design and decay heat rejection heat exchangers or surfaces 

g. Fuel Handling systems 
Primary and secondary fuel handling systems, internal and external to the vessel 

h. Cleaning and Decontamination systems 
Coolant purification systems and external decontamination systems for fuel and 
components in maintenance 

i. Fuel Storage system 
Fuel transfer and pool systems 

j. Containment and confinement systems 
Normal and emergency systems 
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