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Brief overview of the activities performed in the period May 1999 - April 2000 within the
Nuclear Power Technology Development Section (NPTDS)

related to the work scope of the IWG-FR

1. Summary of the meetings held: 2 RCM, 1 TCM, 3 AGM, 2 Consultancies:
18-20 May 1999
8-10 Nov. 1999

Vienna TCM.
Vienna RCM

30 Nov. - 3 Dec. 1999 Mol CS
1 - 4 Nov. 1999 Taejon AGM
22 - 24 Nov. 1999 Vienna AGM

24-26 Nov. 1999

6 - 8 Dec. 1999
6-10 March 2000

Vienna RCM

Mol CS
Vienna AGM

IWG-FR Annual Meeting
Th-Based Fuel Cycles in ADS to Incinerate
Pu and Reduce Long-Term Waste Toxicities
Proposals for New CRPs on ADS
Review of National ADS Programmes
Evaluation of Fast Reactor Core Physics
Tests
Updated Codes and Methods to Reduce the
Calculational Uncertainties of the LMFR
Rectivity Effects
Database Development for ADS R&D
PPAS Sub-programme A2

2. Publication of the status report "Status of Liquid Metal Cooled Fast Reactor Technology"
(IAEA TECDOC 1083).

3. Publication of the IAEA TECDOC 1060 "LMFR Core and Heat Exchanger Thermohydraulic
Design: former USSR and present Russian Approaches".

4. Publication of the IAEA TECDOC 1138 "Transient and Accident Analysis of a BN-800 Type
LMFR with Near Zero Void Effect".

5. Initiation of the CRP on "Updated Codes and Methods to Reduce the Calculational
Uncertainties of the LMFR Reactivity Effects". The objective of the CRP is to verify, validate,
and improve methodologies and computer codes for the calculation of reactivity coefficients in
plutonium and minor actinides burning reactors via the intercomparison of methods, nuclear
data and codes, and experimental results that are developed and used by the different
participating institutes. This activity is of particular relevance in view of the eventual utilization
of weapons-grade plutonium in Fast Reactors.
The main result of the first RCM was the approval of the first stage benchmark proposal made
by the Russian delegation based on a hybrid BN-600 configuration containing a weapons-grade
MOX zone. The benchmark specifications have been prepared.

6. An ongoing CRP addresses the potential of ADS based on thorium fuel cycles to constrain
plutonium production and reduce long-term waste toxicity.
The RCM performed an overall review of the two CRP stages. It was concluded that
supplementary efforts taking into account the latest and some updated results were necessary to
accomplish the in depth analyses which is requested in order to achieve what the participants
most expect from the CRP: advice and guidance with regard to their R&D activities in the area
of ADS. In parallel, work on the third stage will start. The final drafts of the Pahse 1 and 2
reports, as well as progress on the phase 3 will be discussed at a Consultancy to be held
beginning of July 2000 in Minsk. All results will be available at the next RCM early 2001.

7. A comprehensive review (AGM) of the national ADS R&D programmes has been
performed. Its purpose was to review the current R&D programmes in the Member States, and
to assess the progress in the development of hybrid concepts, as well as their potential role
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relative to both the current status and the nature direction of nuclear power worldwide. At the
same time, the review provided options and guidance for the IAEA activities in the ADS area.
The AGM's recommendations and proposals for new IAEA activities in the ADS area can be
summarized as follows:
• Establish the "ADS Status Report" as a "living document" on the Internet, strongly

connected to the ADS Database (see next item);
• Finalize and maintain the ADS Database as the core component of an IAEA ADS-Web

Page;
• Support the existing experimental facilities that are relevant to ADS R&D. In a first step, an

IAEA organized meeting should aim at justifying the use of the respective facility vis-a-vis
ADS R&D, by (a) identifying these facilities, (b) assessing their characteristics, and (c)
documenting the ongoing and planned activities and their relevance for ADS R&D;

• Initiate exchange of information on the fuel and irradiation target technology development
for ADS (TCM);

• Assessment of the proliferation aspects of ADS and its fuel cycle (TCM);
• Provide guidance and recommendations on specific safety requirements for ADS (TCM);
• Preparation and release of evaluated and validated low and intermediate energy range cross

section libraries;
• Initiate information exchange on the evaluation of the radiation damage in ADS structural

materials (TCM);
• Initiate information exchange on ADS waste management and decommissioning issues

(TCM);
• Organize a conference on kinetic codes developments;
• Initiate a major conference on "The Role of ADS in Nuclear Power for the 21s t Century".

8. Apart from the review mentioned under item 7, IAEA's role and activities to be implemented to
meet the Member States' needs in the area of ADS R&D were defined at a Consultancy hosted
by SCK*CEN, Mol. With constant reference to the need to avoid any duplication of activities
already covered by OECD/NEA and to strengthen the synergism an co-operation between the
two agencies, it was stressed that the activities in the ADS area encounter a very strong and
genuine interest in the Member States. Specifically, the topic related to the reliability of high
power accelerators being already covered by the OECD/NEA initiative, the IAEA was advised,
among others, to pick up two other topics ("Assessment of ADS Dynamics and Safety Physics",
and "Comparative Assessment of Solid and Mobile Fuels for ADS, and Non-Proliferation
Aspects") which meet a clearly perceived need for information exchange in the ADS
community. Another clear request was to ensure that the activities on nuclear data performed by
both IAEA and NEA are well co-ordinated also with respect to the needs of the ADS
community. Eventually, the Consultancy put forward six proposals (two CRPs and four
technical meetings) for consideration by the IAEA within the framework of the Agency's
activities in the area of ADS.

9. In response to the need for strengthening the international co-operation in the field of the ADS
R&D, the IAEA has developed a database for ADS R&D. In 1999 a first version of this database
on an electronic support (based on Microsoft Access97) was realized. Future activities will
include the creation of a Internet version. This database will be accessible from a WebPage for
the IAEA ADS activities, to be created as soon as possible. It is planned to use this WebPage as
an entry portal for the "ADS Status Report", and it will also contain any other relevant
information, e.g. minutes and reports of expert meetings.
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Report on the 32nd Annual Meeting of the International Working Group

on Liquid Metal Cooled Fast Reactor (LMFR) Developments, VIC, Vienna
18-19 May 1999

1. INTRODUCTION

The 32nd Annual Meeting of the IWGFR was held at the Agency's Headquarters (VIC) in
Vienna from 18-19 May 1999. The meeting was attended by Members of the Group and Advisers
from the IWGFR Member States (MSs) - China, France, Germany, India, Italy, Japan, Kazakhstan,
Republic of Korea, the Russian Federation, the United Kingdom and the United States of America.

The meeting was opened by Mr. J. Kupitz, Head, Nuclear Power Technology Development
Section, who welcomed the IWGFR on behalf of he IAEA and gave a briefing on the status of
nuclear energy in the world and LMFR development. He noted an additional important mission of
FRs, to transmute the long-lived radioactive waste.

The meeting was chaired by Dr. G. Heusener, Germany. The Scientific Secretary of the
meeting informed the IWGFR of the changes in its membership. The Director General of the IAEA,
together with the Permanent Mission of India to the International Organizations in Vienna,
designated Dr. S.M. Lee, SHINE Group Director, Indira Gandhi Centre for Atomic Research
(IGCAR), Kalpakkam as Member of the IWGFR. It was mentioned, that he was replacing Dr. S.B.
Bhoje. The Scientific Secretary recorded thanks to Dr. Bhoje on behalf of the Agency and the other
MSs Working Group delegates for all his work over a long period as the India Member of the
IWGFR.

The Chairman and the participants introduced themselves and gave a short presentation on
background and experiences mainly in the field of FR in their countries.

The objectives of the meeting were: 1) to co-ordinate the exchange of information on the
status of FR development and operational experience; 2) to consider meeting arrangements for 1999
and 2000; and 3) to review the Agency's co-ordinated research activities in the field of FR, as well
as co-ordination the IWGFRs activities with other organizations.

2. PRESENTATION AND DISCUSSION OF LMFR DEVELOPMENT IN THE MSs.

Presentations on fast reactor development were made by the participants. Highlights for the
period since the 31st Annual Meeting are as follows:

China

The Chinese Experimental Fast Reactor (CEFR) Project is under execution. CEFR is a pool
type reactor having a thermal power of 65MW, matched with a 25MWe turbine generator. The
conceptual design and preliminary design have been completed in 1993 and 1997, respectively.

In order to obtain permission for its construction from the Chinese National Nuclear Safety
Administration (NNSA), the Preliminary CEFR Safety Analysis Report was submitted in April-June
1998. The reviewing by the NNSA is under way. Three groups of answers to questions posed by the
NNSA have been completed. This has requested more detailed research with regard to the answers
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given concerning (1) the reactor shutdown systems, (2) the decay heat removal systems, and (3)
the fuel subassembly blockage. The main results of these studies are given in the paper. The CEFR
is still in the stage of detailed design. Its site is almost ready for the construction of the reactor
building. It is planned to have the first pouring of concrete in June of 1999, but it depends on the
license to be issued by the NNSA.

France

Phenix liquid metal fast reactor received at the beginning of 1998 the authorisation to realise
the 50th irradiation run; pending renovation works and inspections that started in November 1998,
the reactor should restart in April/May 2000 with the 51st cycle and operate till 2004, with six 120
EFPD runs. Most of the experimental programme foreseen in Superphenix for transmutation studies
was transferred to Phenix. Hence, a R&D programme on fast reactors is maintained. On February 2,
1998 an interministerial committee confirmed the definitive shut down of the Superphenix plant.
The same committee also indicated clearly the important potential role of nuclear energy in the long
term, and the specific interest of fast reactors. At the very end of December 1998, the Prime
Minister signed the decree authorising the decommissioning of Superphenix, allowing the first
phase of works to begin. At this time about 200 people had left the operating teams. The year 1998
was used to close the EFR project, that is to say finalise the files, organise the documentation and
conservation of knowledge. A synthesis booklet was edited. The technical inquiry about the
accident occurred at Rapsodie in 1997 led to a good comprehension : the cause is a succession of
chemical reactions which were not known at that time and led to the explosion of the storage tank
under internal pressure. CEA confirms the interdiction to use any kind of alcohol for sodium
elimination.

During the first part of this year, the new orientations of the R&D program on plutoniurn
management and MA/LLFP transmutation in fast reactors were assessed, in coherence with
governmental orientations, with regard to amount, and evolution during the next years. Inside this
program, CAPRA is now devoted to Pu management problems, whereas the transmutation of MA
and LLFP is now dealt with in the CADRA program. This R&D program is now strongly reduced
for what concerns sodium cooled reactors, and widely opened to the study of alternative solutions
(gas, other liquid metals, supercritical water, molten salts), and continues to rely on international
collaborations.

The French nuclear plants operated satisfactorily in 1998, with an availability factor of 81.1 %
for the 900 MWe and 1300 MWe units, in industrial operation ; this factor is lower than in 1997
(82.5 %) due to problems on Belleville and Flamanville 1300 MWe units. The number of incidents
decreased : by 20 % from 97 to 98, as did their level of gravity : from 27 % of level 1 in 97 to 17 %
in 98. Difficulties were encountered on N4 plants for which the industrial operation was delayed to
1999 (Civaux 1 restarted in March 99). Among other outstanding decisions, four more PWR were
allowed to receive MOX fuel, and the allowed Pu content in MOX fuel was raised. An
interministerial committee on December 9 confirmed earlier orientations of February: decisions
were taken for a first underground laboratory for long-lived wastes disposal, and to look for a
second one; a reorganization of legislation for safety and radio-protection was initiated.



Germany

Existing power plants operated in a most satisfying mode, producing 170TWh/a, i.e. 35%
share in electricity production in 1998. Fast reactor research activities include: actinides burning
(neutronics, safety analysis); irradiation experiment TRABANT; participation in European CAPRA
project. ADS activities: neutronics, safety, thermalhydraulics, heavy liquid metal (eutectic Pb-Bi)
technology. The latter activities are centred around KALLA (the Karlsruhe lead laboratory). Their
objective is the development of new methods and technologies to design and manufacture thermally
highly loaded surfaces that are cooled by a corrosive heavy liquid metal.

India

Electricity growth rate in India in 1998-99 increased compared to the previous year and the
installed electric capacity reached 93.25 GWe. The thermal nuclear power plants performed very
well with average capacity factor of over 72%. The Kalpakkam reprocessing plant of 100 t/a was
commissioned and is operating.

FBTR was operated at various power levels and a peak fuel burn up of over 49,000 MWd/t
achieved. Test irradiation of Zr-Nb was undertaken in FBTR for the PHWR programme. The Zr
samples have attained a fluence of 0.4 to 1.6xlO21 n/cm2 s, (E>lMeV) which is enough to obtain the
desired creep correlations. In the year the reactor operated for 2440 h. Major refurbishing works
include new neutronic channels and new uninterrupted power supply (UPS).

The detailed design of the 500 MWe Prototype Fast Reactor Reactor (PFBR) was confirmed.
The studies included pressure drop correlation for core subassembly in comparison with
experiments; magnitude of reactivity oscillations during seismic event; sodium flow optimisation in
control rod drive mechanism shrould to minimize gas entrainment as well as flow induced
vibration; temperature distribution on the main vessel; structural integrity assessment of main vessel
under CDA; analysis of primary pipe rupture event; thermal hydraulic analysis of IHX secondary
sodium outlet plenum to gauge a capability of temperature gradient; vibration, seismic and LBB
analyses of secondary sodium main lines to fix number of snubbers; fracture assessment of SG shell
nozzle junction.

The technology development for PFBR was done for core subassemblies main level inner
vessel, steam generator, roof slab, grid plate, drive mechanisms and control plug. The development
work for the materials of manufacture included clad tubes, IHX tubes, SG tubes, large size plates
and welding consumables.

The project status is that the stagewise approval of the PSAR by an Internal Safety Committee
and by the Atomic Energy Regulatory Board (AERB) appointed Project Design Safety Committee is
in progress. An AERB appointed Site Evaluation Committee is evaluating the Kalpakkam site for
PFBR. Further, work on the Environmental Impact Assessment report for submission to the
pollution control in boards and environmental authorities is in progress.

The R&D work reported during the year are in the fields of Reactor Physics (3D burnup code
development and utilization); reactor engineering (heat transfer, hydraulics, structural mechanics);
metallurgy (fuel development, low cycle fatigue (LCF) and creep fatigue interaction (CFI) in D9 and
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9Cr-l Mo steel, hydrogen assisted cracking in steel weldments, corrosion studies, PIE of FBTR fuel
and Zr-Nb samples); fuel reprocessing; chemistry; and safety research.

Italy

ENEL continued the activities with regard to the processing and disposal of nuclear waste
from phased-out NPPs. Starting from 1996, a growing interest in the ADS concepts has taken place
in Italy and has given origin to several studies, a basis R&D programme (TRASCO) and an
industrial programme, in which major Italian research institutions and industries are involved. This
interest also shown at governmental level, is confirmed by the 17 billion lire assigned to the two
years programme TRASCO.

Japan

During April 1998 to March 1999, the most important result on Japanese Fast Breeder
Reactor (FBR) project was the establishment of the Japan Nuclear Cycle Development Institute
(JNC) and the making of a draft of JNC's medium- and long- term project plan.

The Experimental Fast Reactor "Joyo" has continued the 12th periodical inspection which will
be finished in June 1999. In the Japanese prototype fast breeder reactor "Monju", countermeasures
against sodium leakage are being examined according to Monju comprehensive safety review.
Improvement of Monju is also being examined and partly performed according to this review.

The Japanese Demonstration Fast Breeder Reactor (DFBR) optimization design study (phase
2) was continued by Japan Atomic Power Company (JAPC). Its objective is to accomplish a plant
overall concept that has economical advantage toward commercialization and offers high reliability.
Research and Development (R&D) works are underway under the guidance and coordination of the
Japanese FBR R&D Steering Committee, which is composed of JNC, JAPC, Japan Atomic Energy
Research Institute (JAERI) and Central Research Institute of Electric Power Industry (CRIEPI).

Kazakhstan

The joint ASSET-OSART IAEA mission was carried out in November-December 1998 and
confirmed the necessity of some important reactor safety improvement measures for BN-350.
Following discussions among governmental organizations showed, that the available financial
resources from the budget do not allow to implement all the volume of necessary work in
reasonable terms. Taking into account the energy consumption decrease in the region, the
governmental decision on decommissioning BN-350 has been taken on April 22. Because many of
the spent fuel assemblies stored in the pool exceed project limits (more than 15 years), studies on
characterization of spent fuel assemblies and development of new storage conditions were
conducted within the frame of a bilateral Kazakhstan-US agreement. The spent fuel characterization
program continued for two years. Appropriate Characterization and Safety analysis reports,
including criticality and thermal calculations, as well as structural analysis have been prepared and
approved. In December 1998 spent fuel repackaging works have been started.

Thinking about the future development of fast breeder reactors, and taking into account the
desire of some countries to participate, Kazakhstan is going to make the BN-350 decommissioning
process an international project. Kazakhstan intends also to issue a special report on the 25 years of
operational experience.



Republic of Korea

Currently about 34 % of total electricity is generated by nuclear power plants and the role of
nuclear power plants in electricity generation is expected to become more important in the years to
come in Korea due to its poor natural resources. The significance of nuclear power will become
even greater, considering its practical potential in coping with emission control of green house
gases. This heavy dependence on nuclear power eventually raises the issues of efficient utilization
of uranium resources, which Korea imports from abroad, and of spent fuel storage.

From the viewpoint that liquid metal reactors (LMRs) have the potential of enhanced safety
utilizing inherent safety characteristics, the transuranics (TRU) reduction and resolving spent fuel
storage problems through proliferation-resistant actinide recycling, LMRs will be the most
promising nuclear power option. The LMR development program was approved as a national long-
term R&D program in 1992 by the Korea Atomic Energy Commission (KAEC) which decided to
develop and construct a liquid metal reactor with the goal of developing a LMR which can serve as
a long term power supplier with competitive economics and enhanced safety. Based upon the
KAEC decision, the Korea Atomic Energy Research Institute (KAERI) has been developing
KALIMER (Korea Advanced Liquid Metal Reactor). According to the revised National Nuclear
Energy Promotion Plan of June 1997, the basic design of KALIMER will be completed by 2006 and
the construction will be pursued sometime during mid 2010s. The objective of the KALIMER
Program is to develop an economically competitive, inherently safe, environmentally friendly, and
proliferation-resistant fast reactor concept. The summary of the progress made in 1998 regarding the
core, thermalhydraulics, I&C, and mechanical design, as well as preliminary safety analysis along
with basic sodium experiments have been discussed.

Russia

Neither unscheduled reactor power decrease, nor loop shutdowns, nor reactor scrams took
place in 1998. But the load factor of the BN-600 reactor in 1998 was equal to 48% due to combined
scheduled preventive repair procedure. Its duration was 182 days. Seizure in the small rotating plug
of the reactor during refuelling was eliminated after this preventive repair procedure. Rated value of
the force required for the plug rotation was restored. Studies are planned for the future on the
possible extension of the power unit operating life from 30 to 40 years. The development of a
hybrid core design using MOX fuel on the base of weapons-grade plutonium for the BN-600 reactor
is in progress now. Irradiation of the fuel, absorber and structural materials was carried out in the
experimental BOR-60 reactor. Fuel buraup of 30.3% h.a. has been achieved in the experimental fuel
subassemblies of standard design. Maximum fuel burnup in some of the experimental MOX fuel
elements was 32.3% h.a.

Operating life time of the BR-10 reactor was extended until 31.12.2000. There are licenses for
the construction of the BN-800 reactor in South-Urals and Beloyarsk sites. The construction of
these power units has been suspended because of lack of financing. R&D works program on the
improvement and appropriate justification of basic design of some systems and components of the
BN-800 reactor has been developed and approved by now in order to improve its technical and
economical parameters. Now two directions can be identified in the development of the advanced
fast reactor designs in Russia: improvement of technical, economical and safety characteristics of



traditional sodium cooled reactors in the frame of large size fast reactor concept, and work on
justification of BREST-300 lead cooled fast reactor design concept.

United Kingdom

Most of the UK nuclear industry has now completed the transition from state to private
ownership. The UK continues to support international development of fast reactor technology,
mainly through participation in the European Fast Reactor collaboration, with all funding provided
by BNFL.

Inactive commissioning is about to begin on the PFR Sodium Disposal Plant, which includes
a caesium removal plant. The defuelling machine is being refurbished to permit the control and
shutdown rods to be removed. No further reprocessing of fuel has taken place.

The presentations were followed by lively discussion. Dr. Heusener, the Chairman of the
meeting, summarizing results of the discussions took note of a presentation of the French
delegation on the accident which happened at Cardarche, France, in March 1994, during the
cleaning up of a sodium tank. During this accident, ethylcarbitol reacted with sodium in an
unexpected way. The reaction resulted in a pressure build up which destroyed the tank and the
surrounding building. The IWGFR appreciated the release of this information. The IWGFR sees
the need to point to the following fact: Under certain circumstances, (e.g. closed geometries,
sodium puddles), the use of alcohol to clean components or to destroy sodium can be dangerous.
This is proven for ethylcarbitol, but can at present not be excluded completely for other alcohols.
It is therefore strongly recommended to perform appropriate studies prior to the use of alcohol
together with sodium.

In summarizing the general discussion the following points are worthwhile stressing:

• the usefulness of a yearly exchange meeting of the IWGFR is proven beyond doubt;
• the pace in the scientific and technological developments in the area of fast reactor

systems is very fast, stressing the need of the IWGFR as an international exchange
forum that is of particular importance for the countries which are implementing fast
reactor programmes. In several cases, these programmes include development, design
and operation ofLMFRs;

• the IWGFR pointed out that technological options for fast reactor systems are opening
up again (e.g. gas cooling, or other liquid metals than sodium); this is partly due to the
fact that, at least in the Western countries, breeder reactors are not yet urgently needed;
this has to be seen as a chance to look at new options, giving the IWGFR the
opportunity to fulfil its mandate as an international forum for scientific exchange, and
knowledge preservation;

• a particular issue to be looked at concerns decommissioning activities: it is important
for the IWGFR to provide the right forum for information exchange in this area;

• in connection with advanced transmutation concepts (use of minor actinide fuels), the
idea of an eventual use ofFFTFas an irradiation tool has been put forward.

3. REPORT OF THE SCIENTIFIC SECRETARY ON THE ACTIVITIES OF THE
WORKING GROUP
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Reports of the IWGFR meetings for the period since the 31 s t Annual Meeting of the IWGFR
had been distributed in advance to the Members of the Group. The Scientific Secretary summarized
the main points of the IWGFR activities.

3.1. A third Research Coordination Meeting (RCM) for the Coordinated Research Project on
" Intercomparison of Analysis Methods for Seismically Isolated Nuclear Structures" was held at the
Tun Abdul Razak Research Centre Hertford, UK from 25 to 29 May 1998.

The intercomparison of predictions of bearing behaviour has identified important and
unexpected issues requiring the deeper investigation outlined under future work. As a result, the
completion of this part of the CRP will be delayed until the meeting in 1999. (Post-SMIRT, Cheju,
Rep.of Korea, Aug.23-27.)

The analysis of structures has begun but the work has been held up by the additional effort
required on the isolator FE analysis. The structural analyses are expected to raise further important
issues, and thus completion of this phase is anticipated to require two years. The participants
therefore requested the IAEA to extend the CRP by another year. Allowing this important work to
proceed to a final conclusion would be of benefit for both nuclear and other seismically vulnerable
high tech industries. Indeed, since seismic isolation is suitable for many types of structures, the
work under the CRP to improve design procedures for isolators and analysis of isolated structures
have widespread application.

After discussion, the IWGFR recommended however to finalize the CRP in 1999. In case of
urgent needs, the IWGFR proposed to convene a small consultancy meeting in 2000.

3.2. A Technical Committee Meeting (TCM) on "Methods and Codes for Calculations of
Thermalhydraulic Parameters for Fuel, Absorber Pins and Assemblies ofLMFRs" was held at the
IPPE, Obninsk, Russia, from 27 to 31 July 1998.

It was recommended by the TCM participants that IAEA/IWGFR future activities on
thermalhydraulics (TCM, AGM, CS, benchmark) should include the following issues:

• LMFR with passive decay heat removal and shutdown systems, and core design with
strong negative reactivity feedback;

• a benchmark exercise for 3-D numerical simulation of pin bundles;
• inter wrapper flow simulation in LMFR core;
• fuel behaviour under handling operations.

It was also recommended that the IAEA arrange training programmes for developing
countries.

The IWGFR asked the IAEA to summarize the TCM materials in a report (IAEA-TECDOC).

3.3. A consultancy meeting on" IAEA/EC Comparative Calculations for severe accidents (ULOF,
UTOP) in the BN-800 type reactor was held at the IPPE, Obninsk, Russia, from 2 to 6 June 1998.

The main aim of the joint IAEA/EC project was to establish a basis for and to evaluate the
advantages of an innovative LMFR core design with a near zero sodium void reactivity. The



Russian BN-800 type LMFR with such core design was chosen as a calculational model. The
following countries and organizations participated in this project: France (CEA), Germany (FZK),
Japan (PNC, Hitachi), India (IGCAR), Italy (ENEA), UK (AEA-T) and Russia (IPPE). The main
advantages of this innovative BN-800 type core design are to be seen in providing an additional
inherently activated safety margin for preventing fuel pin failure or local boiling both under normal
operation and severe transient conditions that were considered in the design basis accidents. UTOP

accidents most probably lead to an early reactor shut-down. In case of ULOF accidents the main
advantage of this innovative core design is that it is hardly possible to approach or exceed prompt
criticality in the initiation phase of the transient. Results of this comparative exercise provided to
Member States the opportunity to compare the theoretical approaches and to validate computer
codes. Recommendations include acknowledgement of a strong desire of the participants to
summarize results of the above project in a report (IAEA-TECDOC).
3.4. A TCM on "Unusual Occurrences during LMFR Operation: Review of Experience and
Consequences for Reactor System" was held at the Agency's Headquarters from 9 to 13 November
1998.

The TCM considers that it is appropriate for the IAEA to take steps to retain and promote
LMFR technology. The following objectives are consistent with this policy: (1) to record LMFR
experience and archive unpublished data from the nations with LMFR expertise; (2) to continue to
catalogue and collate LMFR data (Fast Reactor data base, IAEA-TECDOC-866 is a good example);
(3) to transfer expertise to the nations which plan exploitation of LMFRs; and (4) to inspire and
educate young engineers in the nations where expertise exists in the absence of indigenous hardware
projects.

The IWGFR recommended to publish the proceedings of the TCM as an IAEA-TECDOC.

4. MEETINGS ARRANGEMENTS FOR 1999

4.1. The Scientific Secretary informed the Group Members that the Agency has cancelled the
meeting on "Evaluation of Fast Reactor Core Physics Tests" (A2.03/1, replaced by AG-99.20 13-
AG-99.13) which was selected by the IWGFR for 1999. He reminded that the Japanese
representative (Mr. Yamashita) informally indicated the willingness of his authorities to host the
meeting in Japan. This cancellation has been discussed at the IWGFR meeting. After discussion
with contributions of representatives of all member countries it was unanimously agreed that in the
present situation, the international co-operation relating to the development of LMR in critical and
subcritical modes and cooled by different liquid metals for incineration of long-lived radioactive
waste and energy production is highly desirable. It was pointed out that the above-mentioned AGM
is the only topical meeting in 1999 in the frame of the A2.03 Project "Liquid Metal-Cooled
Reactors". The Group considers that it is important that the activities of the IWGFR will continue to
provide what is the only forum in the world for international exchange in LMR science and
technology, and to contribute to the preservation of LMR scientific knowledge. The IWGFR
therefore urgently asked the administration of the IAEA to take the necessary steps to have the
above AGM reinstated and to convene it in November 1999 at the Agency's Headquarters.

4.2. A final RCM on "Intercomparison of Analysis Methods for Seismically Isolated Nuclear
Structures" will be held in conjunction with the Post-SMIRT Conference Seminar on "Seismic



isolation, passive energy dissipation and active control of vibrations of structures" at Cheju,
Republic of Korea, from 23 to 25 August 1999. The meeting is under preparation.

4.3. After discussion it was agreed that a first RCM on "Updatedcodes and methods to reduce the
calculational uncertainties of the LMFR reactivity effect" should be held at the Agency's
Headquarters in Vienna in November 1999. The Russian Federation proposed to use as a
calculational model an innovative mixed UOX/MOX core of BN-600 reactor. The IWGFR agreed
that two phases should be envisaged for this CRP: the first phase will comprise an analytical

benchmark based on the BN-600 hybrid core model, and of analyses backed by some experimental
evidence obtained in the BFS facility (for which IPPE is studying mock-up configurations for the
planned hybrid BN-600 core using weapons-grade plutonium); the second phase would extend the
work to cases considering minor actinides fuelled cores - first only as an analytical exercise, but
later, also the possibility of obtaining experimental data for these cases should be a matter of
discussion. The meeting participants pointed out that this proposal aiming to improve the accuracy
of reactivity coefficient calculations is of particular relevance in view of the eventual weapons-
grade plutonium utilization.

The Scientific Secretary distributed forms "Proposal for Research Agreement" and asked
Group Members to pass them on to project personnel for filling out and returning to the Agency as
soon as possible.

5. MEETINGS ARRANGEMENTS FOR 2000

5.1. As a result of the discussion it was recommended to the IAEA that the AGM on the "Design
and performance of reactor and subcritical blanket systems with Lead and Lead-Bismuth as coolant
and/or target material" should be held within the framework of the IWGFR at the Agency's
Headquarters in Vienna.

5.2. Participants were reminded that, in accordance with Group recommendation, the Agency
plans a new CRP on "Advanced power reactor options for effective incineration of radioactive
waste (intercomparison of LMFR, ADS and Molten Salt Reactor Systems)", to start in 2000. After
discussion it was recommended to initiate a collaborative co-ordination research project between
the Agency and the OECD/NEA. The Group recommended to hold the first RCM in 2000.

6. EXPANSION OF IWGFR's WORK SCOPE

During the last years, many countries performed an assessment of their R&D programmes on
fast reactors. Alternative fast reactor coolants (other liquid metals, gas, supercritical water, molten
salts) are analysed. Along with the development of conventional critical fast reactor, some countries
are carrying out R&D on subcritical reactor systems driven by an accelerator (ADS). The IWGFR
therefore asked the Administration of the IAEA to expand IWGFR's work scope to include non-
sodium cooled FR and ADS.

7. OTHER BUSINESS

Mr. J. Kupitz, SH-NPTDS presented the outcome of the Agency's recent Major Programme 1
Reviews (Senior Expert Group, PPAS Major Programme 1, Replies to Questionnaire from
IWGFR). The IWGFR did not agree with the SEG conclusions that project A.2.03. Liquid Metal
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?ast Reactor has average priority in comparison with other projects of Subprogramme A.2. The
Vlembers of the IWGFR considered more correctly to give equal priority to all projects of
Subprogramme A.2, as was done by senior experts in the frame of PPAS. The IAEA Secretariat was
isked to distribute to the participants copies of the two reviews (SEG and PPAS review).

Mr. Go win, IAEA/NPTDS, presented the scope of the "3 Agency Study - Roadmap to Future
Nfuclear Technologies" and its objectives, the rational for undertaking the study and an excerpt of a
joint draft document, including a list of fast reactor designs selected for the study. The IWG
recommended for the "detailed assessment" that a "group" of FR should replace the Japanese

DBFR, and be evaluated in parallel, as they would have similar R&D needs. This "class of large
oxide fuel reactors" group would include the EFR, DBFR and BN-800 reactors. The other
candidates for detailed assessment proposed by Mr. Gowin should be maintained.

8. DATE AND VENUE OF THE 33rd ANNUAL MEETING OF THE IWGFR

It was agreed that the 33rd Annual Meeting of the IWGFR will be held at the Agency's Headquarters
in Vienna, from 16 to 18 May 2000.



Report on the Advisory Group Meeting (AGM) on
"Review of National Accelerator Driven System (ADS) Programmes",

Taejon, Republic of Korea, 1 -4 November 1999

1. Purpose

This AGM was hosted by KAERI in Taejon, Republic of Korea, from 1-4 November 1999. Its
purpose was to review the current R&D programmes in the Member States, and to assess the
progress in the development of hybrid concepts, as well as their potential role relative to both the
current status and the future direction of nuclear power worldwide. The AGM participants were
expected to provide advice and guidance for the IAEA activities in the ADS area.

2. Results

The presentations (transparencies) and/or papers presented by the participants were distributed as a
bound "working material volume" by the hosts of the AGM immediately after the meeting.
As regards the various national R&D programmes, as well as the international collaborations, some
participants in the AGM provided the following written statements/summaries:

Sweden (W. Gudowski)

THEORETICAL WORK
Data:
Intermediate energy range cross-section Data File (20-150 MeV)
232Th, 238U, 239Pu, 240Pu (EC & Russia)

Codes:
Monte-Carlo Burnup -MCB
MCNP4B
MCNPX
NYOK
ORIGEN
CINDER4O

Conceptual designs:
Waste incinerator, fast system, Pb-Bi, nitride fuel, altering once-through cycle

EXPERIMENTAL WORK
Collaboration in spallation target: ISTC # 554
MUSE-4, MUSE-5 Experiments: EC
Cross section measurements (n, f), (p, f) 20-150 MeV,
Pb, Bi: ISTC and bilateral with Russia
Material and radiation studies Pb/Bi
(thermalhydraulics and corrosion studies): EC
Fuel development (nitride fuels): EC
Accelerator reliability: Sweden and USA
On-line keff monitoring: EC



Че

Italy (G Gherardi)

THEORETICAL WORK
Data:

Some work done and planned on nuclear data (intermediate energy 20-150 MeV and thorium);
2pers./yr.
Extensive work on material and thermalhydraulics data for Pb/Bi and related structural
materials; 7 pers./yr.

- Some work done and planned on both pre- and post-irradiation characterization of TI1O2 as "inert
matrix", and other (e.g., allumina, spinel); 1 pers./yr.

- Work planned on thermodynamical data for modeling pyrometallurgical processes; 1 pers./yr.

Codes:
- Monte-Carlo and deterministic for neutronics design; Monte-Carlo for burnup calculations; 3D

kinetics of the subcritical core; 5 pers./yr.
- Codes for plant transient analyses (thermalhydraulics (including the secondary circuit) coupled to

neutronics; 3 pers./yr.
- ADS fuel evolution (planned); 1 pers./yr.
- Pyrometallurgical process modeling (planned); 1 pers./yr.

Conceptual designs:
- Demonstration facility reference configuration (EA80, done) without optimization, best known

technologies, some non validated codes, few extrapolations of known phenomenologies;
- EA80 preliminary design (basis for the PSAR of the plant, according to the U.S. NRC

definitions);with some confirmatory tests; participation in the confirmatory tests of other
conceptual designs (planned for the next 18 months);

- Comparisons of the EA80 with other proposals for the Demo; concept decision; large funding
within the 6th EC framework programme (2002).

EXPERIMENTAL WORK
- Pb/Bi technology, material compatibility and irradiation effects (two facilities in Brasimone,

beginning2000);
- Pb/Bi thermal hydraulics integral testing facility CIRCE (beginning 2001); CIRCE is the

international centre for testing components and systems for Pb/Bi ADS.

STRUCTURES
- National R&D programme TRASCO (ENEA-INFN & partners, formalized and funded by the

Research Minister with ad hoc law, for 4 years);
- National industrial initiative (ANSALDO-CRS4 & partners, formalized and funded as above, for

1.5 years);
- European R&D network, and participation in the Technical Working Group chaired by C.

Rubbia, for 4 years (presently an informal co-ordination effort, in the near future hopefully a
formalized network funded by the EC);

- Many bilateral agreements on both industrial and R&D side (e.g., ENEA-CEA on ADS,
participation in the MEGAPIE programme), for 2-5 years;



- The total funding of the Italian ADS programme for the period 1998 - 2002 amounts to USD 35
million of which 22 approved, 13 expected); industrial participation to this budget amounts to
50%.

European Industrial Partnership (S. Monti G. Gherardu Е. М. Gonzales)

Six leading European nuclear companies have established an industrial partnership (EIP) to promote
and develop engineering design studies of a demonstration facility to assess the industrial feasibility
of an accelerator driven subcritical system for high level, long-lived waste transmutation. This
industrial partnership will act both at national and at European Union level, in particular within the
fifth framework programme for Research, Technological Development and Demonstration
Activities.
The six European industrial partners are:

Ansaldo Nucleare, Italy;
Belgatom, Belgium;
Empresarios Agrupados, Spain;
Framatome, France;
NNC Limited, United Kingdom;
Siemens, Germany.

The rationale and background behind the decision to strongly support the ADS demonstration
facility design studies can be summarized as follows:

A common industrial interest already exists for the ADS technology and for the realization of a
demonstration facility; in 199,7 such interest has been witnessed by the document "An
European Nuclear Industry Interest for the Accelerator Driven Systems Technology to Assess
an European Reference System Configuration" underwritten by Ansaldo, Framatome, NNC and
Siemens which has been transmitted to the European Commission.
A long lasting experience of cooperation exists among the EIPs in all fields of the industrial
nuclear applications.
The recommendations of the Technical Working Group set by the Research Ministers of
France, Italy and Spain clearly indicate the need to design and operate, in about a decade, an
ADS demonstration facility at a "sufficiently large scale to become the precursor of the
industrial, practical scale transmuter". Such a facility, for which a common European effort is
deemed necessary, is considered "the fastest and most cost effective way to conclusively assess
the potentialities and the feasibility of a full scale industrial programme based on ADS"; it is
also assessed that in such a perspective the creation of an industrial platform is highly
recommended.
A great amount of R&D and engineering activities have been and are being performed in
Europe to demonstrate separate basic aspects of the ADS concept and to define conceptual
plant reference configurations; several different technological and design options have been
considered and studied; it now clearly appears that starting from this acquired knowledge, it is
worth while to concentrate efforts only on two design options: the lead-bismuth cooled and the
gas cooled ADS; the purpose is to develop two reference configuration to a level sufficient to
perform objective comparisons and to eventually choose the solution to be engineered in detail
and realized.
The process of studying and comparing the configurations of the two different alternatives will
have fundamental inputs coming from the R&D activities performed by Universities, R&D
Centres and other National Bodies; a strict cooperation among R&D institutions and nuclear
industries is therefore crucial to obtain the needed relevant results in an efficient and cost
effective way; basic research is still very necessary (e.g., nuclear data, materials compatibility),
and several confirmatory experiments will be required to support engineering and technological



choices; for the latter, the R&D effort shall be limited to the issues originated by the design
studies of the demonstration facility.

The very innovative engineering and technological issues dictated by the ADS concepts call for
a very focalized, "problem solving" approach, avoiding effort duplications and finalizing the
activities to the goal of ADS feasibility and safe operation demonstration. This can be achieved
only with a well-balanced effort between basic R&D and design studies.
The contribution of the EIP to such a pragmatic approach is constituted by the draft proposal
"Preliminary Design Studies of a Demonstration Facility of an ADS" which has been prepared
to be discussed with R&D bodies, and eventually be submitted to the EU under the fifth
framework programme call for proposals.
The draft proposal has the purpose to identify a minimum set of design activities which are
considered mandatory by the EIP to assess the engineering feasibility of the two reference
options and to perform the selection of one solution to be further developed in detail within the
6th EU framework programme.
The proposed activities, organized in similarity with the EFR Project, can be summarized as
follows:
General requirements and safety criteria;
Preliminary design studies including: systems and components design, nuclear island layout,
safety and plant performances;
Identification of confirmatory experimental R&D;
Engineered options technical evaluation and comparison;
Preliminary cost evaluation and comparison;
Selection of the reference configuration to be engineered in detail.

United States (J.C. Bresee)

Summary of "A Roadmap Developing Accelerator Transmutation of Waste (ATW) Technology - A
Report to Congress"

In response to the terms of the 1999 appropriation bill for the U.S. Department of Energy, on 1
November 1999, the Department delivered to the U.S. Congress an ATW roadmap, which describes
a recommended R&D programme for Federal support. The programme extends over a six-year
period and would cost approximately USD 280 million. The roadmap identifies the critical technical
issues that must be addressed in order to establish feasibility, and emphasizes the value of
collaboration with foreign R&D programmes. In response to a specific request from Congress to
identify institutional challenges to ATW implementation, the report notes the potential policy
conflicts involving spent fuel treatment and problems of long-term financing, regulatory and
environmental implementation, and public acceptance.
The Congressional mandate also included an assessment of the potential impact of ATW on the
current civilian spent fuel programme, as well as the cost and schedule to treat all such spent fuel.
The report clearly states the importance of continuing the current repository programme, since it
will be required whether ATW is successful or not. If implemented, ATW applied to the current
fuel would only be effective in reducing potential long-term radiation doses from repository wastes
by a factor of about 10, since radioactivity released from defense waste would become the dominant
source of exposure. The total cost of treating approximately 87000 t of civilian spent fuel would be



approximately USD 250 billion (undiscounted 1999 USD), a portion of which could potentially be
offset by power sales. Such a programme could require nearly 120 years.

foiled Kingdom (P. Drumm)

urnmary of comments:
.ccelerators with power of 30 MW are suggested as machines suitable to drive an ADS. However,
resent technology can only demonstrate two examples of near 1 MW machines: the 800 MeV
INAC at Los Alamos (1.3 MW) and the 590 MeV cyclotron at the PSI (890 kW).
'etailed paper designs of accelerators for neutron spallation sources exist in the 1-5 MW class,
Dtably the US-SNS and the ESS. It is likely that examples of these machines will be built in the
гаг future. The accelerator design has concentrated on low losses and the minimization of beam
alo: much theoretical and calculational effort has been expended towards this.
esigns for s30 MW machines for ADS have independently appeared from a number of different
juntries. At the same time, a number of demonstration facilities (low energy high current RFQ
xelerators) are being developed.

idia (S. S. Kapoor)

jrnmary of comments:
ADS has a potential to develop reactor systems for nuclear waste incineration a well as to
develop more safe nuclear power systems, as alternative to present day critical nuclear power
reactors. ADS is particularly attractive to build the Th-233U based systems, which is of
particular interest to countries like India. Issues related to ADS need therefore to be examined
from both the above possible applications;
There is need to carry out further research (possibly CRP) to work out more innovative reactor
systems with overall large energy gain, requiring not very large beam powers (of, say, only 1-2
MW) for a typical 750 MWe system. Such a system could become compact enough to be
acceptable for a practical nuclear power plant. Proposals of Booster-Blanket combination
concept need to be further examined from this point of view. Also issues related to fast and
thermal neutron spectra based ADS need deeper study;
Development of a nuclear data library for ADS applications can be addressed to IAEA Nuclear
Data Section;
IAEA's co-ordination in this effort can help give a proper direction to this activity, cutting
down duplication of efforts and utilizing the strong points of expertise and the facilities
available in the participating countries;
The most critical component in the ADS efforts is the development of a high beam power,
high-energy accelerator with a good efficiency of 40-50%. Can there be an international effort
in this direction, like ITER ?
The spallation target technology issues are also to be satisfactorily resolved;
There is a need for research (CRP/TCM) to examine if a modular approach is possible, to
integrate existing fast reactor/thermal reactor technologies which a separately developed
accelerator/target technology to make a practical accelerator driven sub-critical systems.
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Belarus (S. E. Chigrinov)

Summary of activities:
Development of the method of y-spectrometry on high radioactive targets (..., I,..., 3 5Cs,.. . ,
237Np, Cm);
Experimental benchmark performance on subcritical assemblies with different types of neutron
spectrum (external sources: Cf, d+d -+ 3He+n, d+t-VHe+n; continuous and pulsed neutron
sources);
Experimental activities in the field of spallation reactions on heavy targets (A>200) and on
nuclei of structural materials ( 20<A<100);
Development of the theoretical models of spellation reactions; comparison between
experimental and theoretical data.

Czech Republic (M. Hron)

Summary of comments:
The current status of the efforts to develop the transmutation technology and to employ it in nuclear
power programs is in the stage of national or at least regional programs covering a broad variety of
approaches. Therefore, the role of the IAEA as organizer of the exchange of information on national
ADS R&D programmes or projects is of the first order of importance. The instrument of AGM or
TCM is a very useful platform for such a purpose as well as a preliminary co-ordination, database
implementation, etc.
For the time being, there is only a limited number of domains or technical problems which have any
desirable feature of a common denominator for being put forward as a basis of higher level co-
ordination (like the CRP). One of them, according to the understanding of the state of the art
developed in the Czech Republic within the framework of its national ADS programme, namely the
time behavior (kinetics) of a coupled subcritical multiplying system with an external neutron source
is felt to be an actual issue. This domain represents without any doubt also on of the most important
safety aspects of the ADS. The proposal to establish a CRP for an intercomparison of the results of
national or regional studies in this sense would be the subject of a more detailed elaboration, should
there be a consensus amongst the interested Member States, as well as the IAEA.
The development of ADS will very likely soon reach the level of demonstration or pilot unit design,
and respective preparation of realization. An international conference on the role of ADS in nuclear
power in the 21st century, in identifying alternatives for a positive solution to a crucial issue of
nuclear power production, would meet high appreciation amongst the professionals, as well as the.
Since the scientific conference on the ADTT is regularly organized every other year (the next will
be in 2001 in the U.S.), the IAEA International Symposium on the "Role of ADS in Nuclear Power
for the 21st Century" is proposed to be held in the year 2002 either in Vienna or another European
city.



CERN ГУ. Kadi)

Summary of activities/comments:
National programmes on ADS in Europe have mostly converged or restricted themselves to two
common systems as a result of the European Industrial Partnership (EIP) to promote and develop
engineering design studies of a demonstration facility to assess the industrial feasibility of an
accelerator driven subcritical system for high level, long-lived waste transmutation.
This has resulted or will result in the merging of efforts/resources both at the national level and
within the fifth research framework program of the European Union.
The interest in the realization of a demonstration facility has lead to adopt a focalized "problem
solving" approach of the engineering and technological issues raised by the ADS concepts. In this
context, a great amount of R&D and engineering activities are being performed to demonstrate
separate basic aspects of the ADS concept.

1) Basic research is still very necessary, as it was reported in this AGM on the review of ADS
national programmes, for instance:
- Nuclear data below and above 20 Mev to validate nuclear model codes used to calculate

microscopic cross sections both for incident neutrons and protons. This was clearly presented by
the review of the extensive work carried out in Russia for the development of the MENDL-2
evaluation file (intermediate energy), and the CERN proposal to build a spallation driven neutron
time of flight facility to measure neutron cross sections from 1 eV to 250 MeV (in collaboration
with 43 universities and European national institutions);

- Validation of codes and benchmarking are still required for quality assurance purposes (imposed
by nuclear industry) and to confirm feasibility of a particular ADS concept;

- As regards the conceptual designs, the approach adopted by the EIP to limit its effort by
investigating two design options (i.e., the lead-bismuth cooled and gas cooled ADS), should not
undermine the efforts carried out by other countries to develop other reference designs for
purposes other than or in addition to transmutation of long-lived highly radioactive nuclear
waste, specifically molten salt systems and Th-U based systems for the production of electricity.

2) Several confirmatory experiments are also required to confirm the soundness of the engineering
and technological choices adopted. Experiments limited to the issues originated by the design
studies of the demonstration facility should be encouraged, and participation should be extended to
others (e.g., Republic of Korea, Japan, U.S., etc....). For example:
- MEGAPIE experiment/project (CEA-ENEA-PSI-CIEMAT-FZK);
- SCK.CEN-PSI project in the context of the MYRRHA project;
- CIRCE project;
- etc.

3) R&D activity in the accelerator field should be promoted; interconnection and collaboration with
both the high intensity accelerator community (U.S.A., Russia) and the intense spallation source
community (ESS, SNS, Russia, Japan, Republic of Korea, etc.) should be encouraged.

4) The EIP has established an excellent framework for the concentration of the efforts and R&D
activities related to ADS and should be enlarged, or, alternatively, some of its findings made
available to the community at large through IAEA or OECD/NEA (but one should be careful with
proprietary rights).



3. Recommendations

Some participants in the AGM provided written recommendations/advice/guidance for possible
activities to be initiated by the IAEA in the area of ADS R&D:

Svain (Е. М. Gonzdles Romero):

[) Experimental Facilities
GOAL: Support for existing facilities relevant to ADS research and encouraging of enhancement of
the international access and sharing to/of these facilities.
SUGGESTED STRUCTURE: Formal (or informal) conference to present available installations;
recording in a database their possibilities, and, most importantly, the expressed international interest
Df the facility, and, possibly, with the qualification as important/essential/unique facility for a
particular task.

II) Fuel research:
GOAL: Exchange of information on the programmes starting at national level to evaluate different
physical and chemical fuel forms and matrixes, in order to reduce the overall effort and preliminary
research time previous to the selection of a particular fuel form; relevant parameters are mechanical,
thermal, neutronics and behavior under irradiation.
SUGGESTED STRUCTURE: Conferences (TCM or similar).

IIP Safety:
GOAL: To formulate guidance, rules and recommendations specific for the future ADS, but also for
the intermediate demo facilities or experiments (when needed). Both the new elements and the
reduced conditions for the safety of ADS as compared to critical reactors need to be evaluated.
SUGGESTED STRUCTURE: AGM and/or CRP.

ГУ) Benchmarks:
3OAL: To compare the different simulation programmes, data libraries and methodologies
proposed for ADS studies. In particular:
- A third phase of the CRP on "Use of Thorium-based Fuel Cycle in ADS to Incinerate Plutonium

and to Reduce Long-Term Waste Toxicities" to clarify the discrepancies found in previous
phases;
Comparison of simulation studies with integral experiments for ADS mock-ups (Minsk, etc);
Comparison of simulation studies with integral spallation yields measurements at intermediate
energies (300-590 MeV);

• Preparation for kinetic codes for fast subcritical assemblies.
SUGGESTED STRUCTURE: CRP.

V) Evaluation and dissemination of ADS related experimental data.
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GOAL: To prepare and make available worldwide the latest experimental data relevant to ADS,
including energies below and above 20 MeV and inelastic processes.
SUGGESTED STRUCTURE: TCM and CRP.

VI) Fuel cycle effects on ADS concept
SUGGESTED STRUCTURE: Start by a TCM, then prepare CRP.

VII) Interface of the accelerator and the subcritical system: beam path and window
SUGGESTED STRUCTURE: Start by a TCM, then prepare CRP.

Italy (G. Gherardi)

I) Guidance concerning information exchange and dissemination:
- Generic (non design specific) => conferences, workshops, etc. on topics like:

• Strategies;
• Non proliferation concerns;
• Safety requirements;
• Interface between accelerator and subscritical system;
• Intense neutron source utilization.

- Design specific => status report and meetings/workshops, etc.
• Accelerator development;
• Spallation module;
• Subcritical system;
• Fuel development (fabrication, characterization);
• Fuel reprocessing;
• Secondary waste and decommissioning;
• Design specific safety.

- Codes, databases => status report and meetings/workshops; benchmarks, avoiding duplication with
OECD/NEAandEU.

- Experimental facilities => Database.

II) Guidance concerning coordination:
- CRP on simulations coupled with experiments (MUSE, MINSK, DUBNA,...)
- Topics for CRPs:

• Proliferation aspects
• Safety Requirements
• Decommissioning and final disposal
• Nuclear data
• Benchmarking of radiation damage simulation
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Russia (N. Rabotnov, V. Ignatiev)

The IAEA should maintain its role in organizing the information exchange on ADS R&D between
all the member states interested and other international organizations.
This exchange should be on two levels:

general, like reporting on national programs;
specific, discussing selected technical problems.

Of the latter the most important are:
proliferation resistance of the fuel cycles involved;
technical interface between accelerator and subcritical blanket, specifically:

• beam path to the central part of the blanket, its shielding accommodation, interference
with control equipment and other systems;

• beam window or windowless injection as alternative solutions, both posing challenging
technical problems.

These and other technical issues may also be addressed in CRPs (intermediate energy nuclear data,
ADS benchmarks).

Specific aspects of nuclear and radiation safety of ADS ("ADS version of INSAG") is also a natural
coordination field for the IAEA.
The elaboration of ADS based (or ADS involving) fuel cycles should go on with the comparative
assessment of the economical and environmental efficiency of different basic options and
alternatives (e.g., thermal systems vs. fast systems, solid fuels vs. mobile fuels, LINACS vs.
cyclotrons, etc.).

United States (J.C. Bresee)

Test Facilities:
During the planning of the U.S. ATW R&D programme, it became obvious that ATW component

testing in
environments expected in actual installations would be difficult due to worldwide shortage of such
facilities.
With respect to this, the IAEA can play a critical role by organizing and implementing an
international inventory of relevant facilities: existing, preparing to shut down, and potentially
available for restart. Further, an inventory of needs and possible schedules of use could be organized
and implemented. Finally, through the member states, communications directed at the relevant
facilities could be produced, which (based on the impartiality of the IAEA) could support the
maintenance or restart of the facilities. (The FFTF is a useful example.) Funding issues must be
addressed on a case-by-case basis.

Non-proliferation:
There are clearly proliferation problems in some countries related to ADS or ATW. ADS (ATW)
necessarily involves fuel cycles and various chemical processes of proliferation significance. The
IAEA has broad worldwide responsibilities in this area. I strongly recommend a role in this area,
although very poorly defined at present.
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United Kingdom (P. Drum)

The activities in the field of class >30 MW accelerator designs could benefit from the promotion of
cross-field contact and debate of the issues of high current accelerators:

availability and reliability: e.g. ion source status
technology choice: e.g. LINAC or cyclotron, normal or superconducting
beam dynamics: halo formation and beam loss, particle tracking.

(1) Initially, these topics could be addressed by open Symposia from which the exchange of the
project status and ideas could be established.
(2) The choice of cyclotron or LINAC is a fundamental one, which probably cannot be made
without an equivalent study of each option. Contact between LINAC and cyclotron designers could
stimulate this debate.
(3 Specific topics (ion source, RFQ design, superconducting/normal conducting options) could be
addressed in workshops coordinated by the IAEA following its conclusions drawn from a general
meeting as proposed in (1).
(4) Conference proceedings would constitute a status report which together with (3) could be the
basis for co-ordination of (a) CRP(s).

India (S. S. Kapoor)

Possible topics of CRPs/Technical Committee Meeting, etc.:
Theoretical studies on innovative subcritical ADS systems needing compact accelerator
systems;
Detailed theoretical studies of 232Th - 233U ADS systems for fast and thermal neutron spectra;
Development of conceptual ADS designs utilizing present day fast reactor/PWR/PHWR
technologies.

Future possibilities:
ITER like efforts by IAEA for international collaboration in developing a demo for ADS.

Czech Republic (M. Hrori)

Information exchange and dissemination:
International Symposium on "The Role of ADS in Nuclear Power for the 21st Century" (proposal
for an IAEA major conference, to be organized in 2002).

Coordination:
CRP on "The Safety Aspects of ADS, and the Intercomparison of the Results of Calculational
Benchmarks with Available Experimental Data".



Я 6 -

Report on the Research Coordination Meeting (RCM) of the
Coordinated Research Project (CRP)

"Use of the Thorium-Based Fuel Cycle in Accelerator Driven Systems (ADS) to Incinerate
Plutonium and to Reduce Long-term Waste Toxicities",

Vienna, 8-10 November 1999

INTRODUCTION

The main purpose of the RCM was to review the results of the CRP activities on the "Use of
Thorium-Based Fuel Cycle in Accelerator Driven Systems (ADS) to Incinerate Plutonium and to
Reduce Long-term Toxicities" (so called "ADS Benchmark"), to identify the interests of the
participants, and accordingly plan the activities of the next CRP stage(s).

SUMMARY

Review of the ADS-Benchmark activities 1995 - 1999:

The discussion covered the CRP activities related to both the first and second stage, i.e.
Energy Amplifier (EA) study and TRU transmuter study (no Th fuel), respectively.

The conclusions are summarized as follows:

A) Stage 1 (EA study) was successful and valuable due to:
• it was the first comprehensive international test of the EA neutronics on the basis of the

thorium fuel cycle;
• a number of specific parameters relevant to EA neutronics have been identified:

=> essential role of the external neutron source importance (cp*, Ks vs. К^)
=> long term burnup reactivity swings
=> power distribution
=> Pa effect on reactivity
=> Specific neutron balance of subcritical systems

• important discrepancies have been found:
=> long-term burnup reactivity behavior
=> spatial and spectral cp* dependence
=t> nuclear data influence (e.g. fission yield of 2 3 3 U, capture in 2 3 2Th and lead inelastic cross

sections)
• some of the discrepancies could be explained on the base of:

=> different source models
=> differences in the initial fuel compositions (2 3 3U enrichment)
=> differences in the nuclear data
=> spread in the BOL multiplication factors.



В) Stage 2 (the TRU transmitter study) is also considered to be useful in view of the development of
TRU/MA transmuter concepts. Among the main findings it is worthwhile mentioning:

• the necessity of optimisation of the long-lived fission products inventory and distribution;
• the importance of a detailed spectrum resolution when evaluating cp*.

Nevertheless, to accomplish the in depth analysis of stages 1 and 2, some supplementary effort
will be undertaken. This effort will take into account the latest/updated results as well as the
additional information produced by the participants. As a result of this supplementary analysis, a
special burnup benchmark might prove to be necessary.

New proposals for the CRP activities

The following proposals were discussed in detail:
• Stage 3.1: a proposal by C. Broeders as a direct continuation of stage lwith an extension

towards Th & TRU fuel, fixed geometries, and detailed burnup procedure;
• Stage 3.2: a proposal by S. Chigrinov, aiming at an analytical and experimental study of the

ADS simulator being setup at MINSK under the ISTC B-70 project, with thermalised
neutron spectrum and considering both continuous and pulsed source regimes; this proposal
includes also the initiation of an ADS kinetics study.

Possible topics for an extended CRP fafter the year 2000)

• ADS kinetics and assessment of the safety physics potential of ADS technology
developments;

• Study of the neutronics features of molten salt ADS.

CONCLUSIONS

Conclusions of the ad-hoc working groups

Three ad-hoc working groups discussed in parallel special aspects and formulated the
corresponding actions:

A) Revison of the stages 1 and 2 (November 1999 - March 2000); working group composed
of С Broeders, E.Gonzalez, W. Gudowski, H. Klippel, Y. Kadi, I. Slessarev):

• All CRP contributors distribute to all the members of this working group updated
information with regard to both stages 1 and 2 (mid November 1999);

• On the base of the aforementioned action, W. Gudowski and I. Slessarev produce updated
working material, and organize the dispatching/exchange of this information to/for all the
CRP participants (end of November 1999);

• CRP participants provide feedback on the updated information to W. Gudowski and I.
Slessarev (mid December 1999);

• Working group members provide preliminary conclusions to Y. Kadi (mid January 2000);
• Y. Kadi provides the draft of the stage 1 revision efforts (mid February 2000);
• I. Slessarev provides the final draft of the comprehensive and updated stages 1 and 2 reports

(end of March 2000);



• A special consultancy will be convened in April - May 2000, probably at Minsk, to approve
the final stages 1 and 2 reports and agree on the supplementary studies for benchmark
proposal stage 3.1.

B) Benchmark proposal stage 3.1 (November 1999 - October 2000); working group composed of
С Broeders, V. Korobeinikov, H. Klippel):
• The calculations will be started/continued immediately by some of the CRP participants (all

contributors are invited);
• The results will be available as a draft report by the end of March 2000, in time to correlate with

the stage 1 updated analysis needs (C. Broeders);
• After supplementary analytical work to be performed by all the CRP participants (if required),

the draft of a scientific report will be issued by October 2000, to be approved at the next RCM
of the CRP in November 2000 (C. Broeders).

C) Benchmark proposal stage 3.2 (December 1999 - December 2000); working group composed of
S. Chigrinov, A. Rineiskii, M. Hron, I. Slessarev):

Several stages can be envisaged with respect to the ISTC B-70 experiment at Minsk:
• General "blind study", before the experiment, based on Monte Carlo models and leading to

intercomparisons of the calculated results, to be finished by March 2000;
• Development of deterministic models;
• Complete experimental and analytical studies, leading to C/E comparisons, to be finished by

December 2000;
• Development of kinetic models (by December 2000).

The RCM decided to start the Monte Carlo calculations as soon as possible to allow for
feedback, if necessary, into the experimental programme. The following practical steps were
decided:

• By the end of November 1999, all the CRP participants will provide to S. Chigrinov their
comments/suggestions/recommendations/priorities concerning the parameters to be
measured;

• The specifications of the benchmark proposal 3.2 (model - including MCNP input cards-,
experimental setup and measurement program) will be distributed to all the CRP participants
by mid of December 1999 (S. Chigrinov);

• Work on the agreed (first phase) benchmark proposal 3.2 has to be finished by the end of
December 2000 (the draft scientific report may follow in 2001).

Conclusions on new CRP proposals

When reviewing the passed CRP's activities and planning ahead for the next stage(s), the
RCM has also addressed the more general question of the possible role of the IAEA in the field of
ADS and the related advanced technology development work. Along with the recent AGM in
Taejon ( 5 - 8 November 1999) devoted to the review of national ADS R&D programmes, and the
planned (30 November- 3 December 1999) consultancy at SCK»CEN, Mol, specifically addressing
possible IAEA CRPs in this area, the discussions and recommendations of the RCM helped to
provide input to possible IAEA's future activities, and more specifically, to new topics for CRPs.

The ideas discussed are summarized below:
• H. Klippel proposed to consider performing an analytical benchmark for the whole system

(from the proton beam/spallation source to the subcritical blanket);



Е. Gonzalez stressed the importance of actively pursuing experimental backing of the
analytical work. The IAEA is encouraged to put effort into facilitating co-operation with the
various groups which have performed or are planning to perform experiments (e.g. FEAT,
TARC, MUSE, MYRRHA, the work performed/planned in Russia and JINR-Dubna,
MEGAPIE);
W. Gudowski suggested the study of the heterogeneity effects in the subcritical blankets of
ADS; related to this topic, he emphasized also the importance of looking at the problems
linked with thermalized cells for LLFP transmutation;
A. Rineiskii and I. Slessarev stressed the importance of ADS transient analysis. Given the
lack of calculational tools, a benchmark study is not possible in the short term. However, it
was stated that the IAEA could play an important role in assessing the status of code
development in this area and facilitate information exchange and, possibly, co-operation.
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Report on the Advisory Group Meeting (AGM) on
"Evaluation of Fast Reactor Core Physics Tests",

Vienna, 22-24 November 1999

1. INTRODUCTION

The рифове of this Advisory Group Meeting was to review the core physics test data which have
been obtained from a variety of experiments performed in demonstration and prototype LMFRs in
the world and advise the IAEA on ways and means to preserve the accumulated know-how.

2. SUMMARY

Technical presentations were made over a day and a half on experimental data obtained in the
following reactors : SUPERPHENIX and PHENIX (France), MONJU and JOYO (Japan), EBR-II
(USA), FBTR (India), PFR (UK), BN-350 and BN-600 (Russia).1 In addition, results obtained in
various zero-power critical facilities such as BFS (Russia), MASURCA (France), ZEBRA (UK), etc
were presented or mentioned by some participants.
The technical contributions were made in the framework of five sessions, summarised below:

Session 1

R. Jacqmin made a presentation entitled "Evaluation of the Superphenix Startup Experiments",
referring to a recently completed PhD thesis at Cadarache.
The ERANOS system is a comprehensive set of data libraries, codes and calculation schemes, based
on recent evaluated nuclear data and on advanced neutronics methods, extensively validated for
conventional CAPRA-type cores and shields. It is the result of more than ten years of development
and validation.
ERANOS is extensively used for a wide variety of applications:

calculation of special irradiation subassemblies in Phenix;
design and analysis of experiments in MASURCA;

- studies of advanced fast reactor concepts;
- hybrid system studies.

ERANOS has been successfully applied to the analysis of the Superphenix startup experiments, as
well as to the Phenix control rod worth measurement programme (REACTIVIX). Results of
calculation versus measurement comparisons show discrepancies of approximately

150 pcm or less on the critical mass;
±5% on the control rod worths or the substitution worths;
+3% to - 2 % on the average subassembly power
-20% on the decay reactivity loss (pcm/day)
-6% on the burnup reactivity loss (pcm/efpd)
zero on the Doppler reactivity effect.

1 While not reported at this meeting, valuable experimental data may still be available from other
reactors like SEFOR, FFTF, RAPSODIE, KNK-II, etc.
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This presentation demonstrated that the latest advances in data and methodology are capable of
accurately predicting physics characteristics of fast reactors. This good performance is due in part to
the fact that extensive feedback from experiments has been considered in establishing these
methodologies. Therefore, efforts to preserve the experimental know-how must include also the
data libraries and codes.

H. Nishi made a presentation entitled "An Overview of the Evaluation of the MONJU Core Physics
tests". The results of the measurements of the main reactivity characteristics of the initial MONJU
core and their evaluation with JENDL-3.2 (J3.2) and JENDL-2 (J2) have been presented. The C/E
values using J3.2 for the criticality of the initial critical core and the initial full core of 0.993 and
0.992, respectively, are only 0.1% higher than those based on J2. The C/E values using J3.2 for the
absorber rod worths are in the range from 0.98 to 0.99, and only 3% larger than those based on J2.
The C/E values using J3.2 for the fixed absorber worths are 0.95 for one and 1.00 for three fixed
absorbers, respectively. They are 3.5% larger than those based on J2. The C/E values using J3.2 for
the fuel subassembly worth are in the range 0.96 —1.05. These results are up to 1% below those
obtained with J2. The C/E values for the coolant worth, based on J3.2, transport theory and
heterogeneous cross sections are 1.9 and 1.4 for CCR1 fully withdrawn and fully inserted,
respectively. They are approximately 30% and 10%, respectively, smaller than those based on J2. In
general, the C/E results are very satisfactory. The contributions of specific nuclear reactions to the
differences between J3.2 and J2 results obtained for the various reactivity effects were also
analysed. Some remarks with regard to the coolant worth measurements and calculations were made
during the discussion. It was recognized that more work was necessary on this topic.

Session 2

Three papers were presented in this session:
- "Core Physics Tests at EBR-П (Ph. Finck, USA);

"Physics Measurements on FBTR and Critical Assessment of Results" (C. Reddy, India);
- "Preparation and Preliminary Programme on CEFR Core Physics Startup" (Xu Mi, China).

In summarising this session's highlights that are of particular relevance to the work of this AGM it
is worthwhile pointing out:

- From EBR-П experience, but also true for other reactors of its generation, we have seen that
experimental results and their methods of analysis need to be carefully recorded and
archived if they are to provide a quality assured record for use in the future. However, some
high quality results are available, particularly with regard to transient analyses, criticality and
control rod worth, and measured isotopics;

- The analyses presented for FBTR illustrate the effort and work required to fully understand
the results obtained from operational reactors. However, some work on the FBTR still
requires investigation, particularly the reactivity anomaly occurring at 110 °C. These efforts
must be also documented and recorded if the understanding gained is to be preserved;

- The presentation on CEFR, in addition to describing future plans, vividly reminded the
amount of work that is required not only in the design and licensing of a new facility, but
also for the planning and validation of experimental reactor programmes. Given these
important efforts, it is of utmost importance to make provisions for documenting results and
analyses to preserve the knowledge gained;
Overall, the session has illustrated how important this AGM's mission is in preserving the
work and experience of many colleagues who have contributed to the results and
understanding of Fast Reactor core physics. Further, it became very clear how important it is
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for complete record that data is recorded while the personal experience of the specialists is
still available;

- It is common understanding that zero power criticals provide the clearest understanding of
the fundamental physics of Fast Reactors. However, it must be added that startup tests on
power reactors also provide a valuable source of experimental data and that results obtained
during reactor operation give confirmation of our understanding by mainly integral testing.
Hence, the need to extend the knowledge preservation efforts also to power reactor startup
tests and operational experience.

Session 3

Two papers were presented in this session:
- An evaluation of the suite of computer codes used for the KALIMER project (Y. In Kim);

the evaluation was based on the analysis of a series of BFS experimental results. In general,
a good agreement, within the uncertainty limits set for the reactor, was observed between
calculations and experiments. Nevertheless, certain discrepancies appeared which might be
eliminated through further refinements in the analytical methods;

- An assessment of fast feedback measurements in the PFR reactor (T. Newton). These data
are rather unique as they measure the direct effect of the fast acting feedbacks (Doppler,
thermal expansion). Excellent agreement was observed between calculations and
experiments. The participants agreed that, if possible, these measurements should be
transformed into benchmark form in the open literature.

These papers illustrate the two classes of experimental data which are essential to the understanding
of Fast Reactor physics:
1. Data from critical facilities provide every detailed and accurate information on the major

physics characteristics of Fast Reactor cores. In particular, fine measurements of critical masses
and buddings are the basis for the integral validation of cross sections; measurement of
heterogeneities, rod worths, reaction rate traverses, permit the validation of the algorithms used
to solve the Boltzman equation. Data which have been accumulated over years of operation of
these facilities should be preserved with great detail, as modern computer codes are able to
model them explicitly. The participants in this AGM believe that the preservation of these data
under strict quality assurance rules should be undertaken by an international body.

2. Data from operating reactors are complementary to the critical data (see also the conclusion
from the Session 2 presentations). In particular, they can provide information on fuels and
sample burnups, and transient behaviours. These data cannot be extracted from zero power
criticals. Nevertheless, the modelling of an operating reactor is usually very complex with many
potential sources of uncertainty. Thus, practical means must be devised to preserve these data in
a retrievable yet simple form.

The presentations made at this session, as well as the discussion around them indicated that the
questions to be asked at the end of this AGM are:

• what data should be saved for future generations; and
• how should it be done?

The task will be to put in place a mechanism to:
• select the relevant data;
• format it to keep the essential information; and



"quality assure" it and eliminate "bad" data.

It should be noted that while there is a strong motivation to preserve these data, the technical
community has yet to come forward and present clear and forceful arguments to support this case.
This AGM is a first step in this direction. This step taken, the next ones, especially designing a
systematic approach to select valuable data and formatting it in a retrievable format, must be
tackled.

Session 4

T. Aoyama presented a paper entitled "Fission Rate Analysis Using MCNP in the Irradiation Test
Subassemblies of JOYO". After a brief description of the JOYO reactor, the author showed the
results of fission rate distribution measurements obtained from fission foils placed in the JOYO
Mk-II core. He then described the MAGI code system used for JOYO core analysis. Results of
MAGI-calculated activation rates and burnup distributions were compared with the corresponding
measured quantities.
Subsequently, the INTA-2 irradiation test subassembly was described. It contained 19 test fuel pins
and was irradiated at the JOYO core-reflector boundary for about a week after the 23 r d operating
cycle. The Monte Carlo code MCNP was used to calculate the detailed intra-assembly neutron flux
distribution and pin-wise fission rates, with the neutron source and nuclide inventory being
provided by the MAGI code system. The performance of this calculation scheme was assessed in
two ways:

- by comparing the MAGI-calculated axial power distribution with measured values obtained
from a spent fuel scanning device (1 4 4Pr у scans); and

- by comparing the MCNP-calculated I 4 8Nd production with the measured value obtained by
mass spectrometry, following destructive analysis of three INTA-2 test pins.

Calculations and measurements were found to be in very good agreement.
It is recognized that the analyses of relatively complicated experiments can be performed

successfully by using most advanced methods in conjunction with reactor data obtained, recorded,
and safeguarded over many years.
M. Semenov presented a paper entitled "Evaluation of Neutron Physical Experiments on BN-350
Reactor". After a brief overview of the BN-350 reactor core characteristics, the author described an
on-line actinide irradiation and measurement technique in which small samples are placed inside a
thin steel wire ( 0 ~ 1 mm) which is inserted in-between the fuel pins where it is irradiated for
approximately 10 hours, and then withdrawn for activation measurements. Other irradiation
experiments followed by destructive analyses and mass spectrometry were also mentioned. From
such experiments, information about individual nuclide capture and (n,2n) cross sections can be
inferred.
An experiment that consisted in loading, at the periphery of the core, a cluster of 7 MOX fuel
subassemblies containing weapons-grade plutonium was also described. In this experiment, various
isotopic fission rate radial distributions across the cluster were measured.
Another interesting experiment in BN-350 was the extended irradiation of minor actinides (reaction
rate measurements). The author made also a few comments about BN-600, referring to a variety of у
scans that have been performed on subassemblies irradiated in that reactor.

Summing up, the author emphasised that a large quantity of experimental data has been
accumulated since the start of BN-350 in 1973, but that retrieving this information, selecting the
relevant one, and documenting it properly would require a substantial effort.
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Once more, this presentation illustrates the importance of preserving the information pertaining to
experimental measurement techniques and interpretation.

The overall recommendation coming out of this session is to produce a list of the available physics
experiments for each reactor.

Session 5

T. Newton presented the paper "Worst Two Refuelling Error Measurements in PFR".
The experimental methods are very elegant. The experiment was performed at higher temperature
levels than the normal fuel handling temperature to facilitate confirmation on measurements of
subcriticality levels through temperature reduction following the simulation of the fuel handling
error. The MSM method used to estimate the subcriticality removes the effect of flux distribution
deviations from the fundamental mode distribution.
Again it has to be stressed that these measurements are rather unique, and another strong illustration
of the importance of the knowledge preservation in the area dealt with by this AGM.

Attempting an overall synthesis of the AGM, its outcome can be summarised as follows:

• Over the past thirty years or so, a large volume of integral data has been accumulated from
various power LMFRs around the world. Some of these data (i.e., the measurements themselves,
the associated uncertainties, and the corresponding experimental techniques) are unique and
accurate, and therefore extremely valuable from a technical standpoint. Unfortunately, these data
are not always well documented. In some cases, a serious risk of loss of information has been
identified.

• Over the same period, an even more considerable and valuable volume of high-value physics
data has been accumulated from experiments performed in zero-power criticals around the world
(ZPR, ZPPR, ZEBRA, SNEAK, MASURCA, FCA, BFS, STEK, etc), few of which are still
operational today. Some of those data have been incorporated in electronic databases.

• Altogether, this large quantity of integral data represents a considerable asset. Some of the data
will have strong value for future developments of nuclear energy, in particular for emerging
concepts currently under consideration.

• As regards motivation/incentives for efforts aimed at knowledge preservation in this area it was
stressed that:

In some Member States there are on-going fast reactor projects;

Individual countries have made, and continue to make, extensive use of these
experimental data, sometimes sharing it with others, to validate their neutron data libraries
and code predictions (this is an ongoing, continuously evolving activity). The high quality
of these data has made it possible to identify deficiencies in basic evaluations contained in
the JENDL, ENDF/B, JEF, BROND, and CENDL files. In some cases, the amount and
variety of integral data available was such that it was possible to produce adjusted neutron
cross section libraries for significantly improved code predictions;



The know-how in this area is valuable for use in the potential development of various
innovative systems in the future: innovative fast reactors, accelerator driven systems, and
other systems with fast spectra;

It is anticipated that, with the continued progress to be expected in basic evaluated nuclear
data, in neutronics methods and code modelling capabilities, additional physical insight
could be gained in the future from the re-analysis of the accumulated experimental data.

3. RECOMMENDATIONS

After discussion, the participants agreed on the formulation of the following recommendations:

• An exhaustive review of all available sources of fast reactor experimental data, including data
from critical facilities should be rapidly undertaken. A list of the existing data, including the
publicised benchmarks, should be established, with reference to the relevant documents,
computer files, etc. Access restrictions, if any, should be identified and listed.

• From this inventory, a subset consisting of the most valuable (in terms of contents, quality,
representativity, retrievability, etc.) experimental data should be identified by a group of experts.
The most relevant data should be conserved in a systematic format, to serve as reference
benchmarks, so as to ensure the continued quality of new developments. The experts should also
identify the complete set of information required to provide a valuable and consistent record of
the experiment, as well as its interpretation and analysis. Quality assurance requirements are an
important issue in this context.

• A general data base format for the long-term storage and retrieval of the data should be
established.

• Ultimately, the International Working Group on Fast Reactors (IWG-FR) should make a
recommendation as to the necessity of creating a database that would contain the selected
experimental data in a uniform and easily retrievable form.
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Report on the Research Coordination Meeting (RCM) of the
Coordinated Research Project (CRP) "Updated Codes and Methods to Reduce the Calculational

Uncertainties of the LMFR Reactivity Effects",
Vienna, 24-26 November 1999

INTRODUCTION

The main purpose of the RCM was to discuss and agree upon the specification of a
benchmark proposal prepared by the Russian delegation (joint IPPE and OBMK effort).

It is reminded that the general objective of the CRP on "Updated Codes and Methods to
Reduce the Calculational Uncertainties of the LMFR Reactivity Effects" is to validate, verifyand
improve methodologies and computer codes used for the calculation of reactivity coefficients in fast
reactors aiming at enhancing the utilization of plutonium and minor actinides. At its 32nd Annual
Meeting in May 1999, the IWG-FR, following the proposal of the Russian Federation, endorsed the
hybrid BN-600 reactor core as a calculational model, thus clearly emphasising the relevance of the
CRP in view of the utilization of weapons-grade plutonium for energy production in a mixed
UOX/MOX core of the BN-600 reactor.

2. CONCLUSIONS

Considering the general objective of the CRP and the discussion at the RCM, the
participants agreed that the specific objective of the CRP was the comparison - whenever possible
backed by experimental results - of calculated LMFR reactivity coefficients and their effect on core
transient behaviour.

The participants discussed the proposed benchmark model and specification, and made minor
modifications to achieve consistency and meet the objectives of the CRP.

Each participant presented a summary of their reactor physics methods and the intended
contributions to the benchmark analyses.

The workplan and timescales of the contributions to the benchmark analyses were discussed
and agreed upon, as outlined below:

Phase 1: R-Z Homogeneous

Date

February 2000 to May 2000
March 2000 to June 2000
April 2000 to August 2000
November 2000
February 2000
April 2000

Action

Collect results
Compare results
Compare transients
Preliminary Progress Report
Complement by JNC (data)
Complement by JNC (results)

Responsible

IAEA
IAEA
IPPE
IAEA
JNC
JNC
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Phase 2: Hex-Z Homogeneous

Date

February 2000 to September 2000
May 2000 to November 2000
May 2000 to November 2000
February 2001

Action

Collect results
Compare results
Compare transients
Preliminary Progress Report

Responsible

IAEA
IAEA
IPPE
IAEA

Phase 3: Hex-Z Heterogeneous & Burnup

This phase will be discussed at the next RCM; a proposal will be put forward by IAEA two
months prior to the next RCM.

Phase 4: BFS-62 Analysis

This phase will be discussed at the next RCM. IPPE and OKBM will keep the CRP
participants informed on the BFS programme.

Phase 5: Minor Actinides

No specific proposals yet.

The IAEA agreed to act as the co-ordinator for the benchmark, and to organize the
information flow between the participants. The analyses of the benchmark results will be organized
by the Agency with the aid of a Chief Scientific Investigator, yet to be appointed.

The next meeting is planned following the completion of Phase 1 of the benchmark in
approximately November 2000. The venue of the meeting will be decided at the next Annual
Meeting of the IWG-FR in May 2000. At the RCM, several possibilities were offered: France,
Japan, USA.

It was proposed that the Russian delegates could make a presentation on the BN-600 hybrid
core design methodology and results. A possibility for this presentation could be at the next IWG-
FR Annual Meeting in May 2000, or at a separate meeting. However, this is judged to be outside the
scope of this CRP.



Report on the Consultancy on
"Proposals for New Co-ordinated Research Projects (CRPs)

on Accelerator Driven Systems (ADS)",
SCK.CEN, Mol, Belgium, 30 November - 3 December 1999

Based on previous meetings, the IAEA Secretariat had distributed ahead of the Consultancy lists
with several topics for possible activities in the ADS area. Specifically, the discussions at the
Consultancy started around ideas and proposals made
- mainly by Russian scientists (MRTI, IPPE, Kurchatov Institute, ITEP, IHEP, ...) at various

IAEA meetings in the 1997 - 1998 period;
- by the participants at the IAEA Advisory Group Meeting (AGM) on "National Programmes on

ADS", hosted by KAERI in Taejon, 1 - 4 November 1999;
- by the last Research Co-ordination Meeting (RCM) of the CRP on "Use of Thorium-Based Fuel

Cycle in ADS to Incinerate Plutonium and to Reduce Long-Term Toxicity", Vienna, 8 - 1 0
November 1999.

With regard to the general item of synergism between IAEA and OECD/NEA activities in this
area, and based on presentations by the Chairman of the Nuclear Science Committee and the NEA
Nuclear Development Division participant, it was stressed that:
- the topic related to the reliability of high power accelerators is already covered by the NEA

initiative (series of conferences);
- duplication of benchmark exercises must be avoided;
- it must be ensured that the activities on nuclear data performed by both IAEA and NEA are well

co-ordinated also with respect to the needs of the ADS community.

Presentations and/or statements were made by all participants. In summarising the discussions, a
list of seven topics of interest for possible future co-operative work under IAEA co-ordination can
be put forward (in brackets indication of the main backers of the topic):

1. Analytical and Experimental Validation of Data and Codes Used in ADS Simulations (NRG,
CEA, CIEMAT, CERN, SCK.CEN, IPPE, FZK, INPE);

2. Comparative Assessment of Solid and Liquid Fuels for ADS (KAERI, CEA, ENEA, LANL,
CIEMAT);

3. Safety Aspects of ADS (FZK, ENEA, CEA, CIEMAT, CERN, SCK.CEN, IPPE);
4. Non proliferation aspects of ADS (LANL, ENEA, CEA, SCK.CEN, KAERI, МЕРЫ);
5. Review of ADS coolant properties (KAERI, SCK.CEN, CIEMAT, FZK, CEA, CRS4, INPE,

ENEA);
6. Fluid Dynamics Benchmark (SCK.CEN, CERN, ENEA, FZK, FZJ, FZR, CEA, IPPE, NRG,

LAESA, CRS4);
7. Enhancement of the Effectiveness of the Spallation Source (CEA, INPE, FZK, CERN, SCK»

CEN).

After further discussion, the Consultancy put forward six proposals for consideration by the
IAEA within the framework of the Agency's activities in the area of ADS. The Consultancy also
suggested the implementation mechanisms for these proposals: two CRPs and four technical



meetings. Two of the latter ("Assessment of ADS Dynamics and Safety Physics", and
"Comparative Assessment of Solid and Mobile Fuels for ADS, and Non-Proliferation Aspects")
meet a clearly perceived need for information exchange in the ADS community with regard to two
issues: (1) the ADS fuel technology development (including the non proliferation aspects), and (2)
an in depth assessment of the safety related characteristics of the ADS technology. Moreover, both
topics complement very well OECD/NEA's initiative in the ADS area (i.e. the Workshop on
"Utilisation and Reliability of High Power Proton Accelerators", a yearly event, at its second edition
last November). In the authors' opinion, they could develop into "major meetings" to be convened,
at regular intervals, by NENP in co-operation with NEFW and NS.

The six proposals are summarised below.

I. "Benchmark on Data and Calculational Methods for ADS Source Related Neutronic
Phenomenology with Experimental Validation" (CRP)

Objective
The objective of the proposed CRP is to improve the present understanding of the coupling of ADS
spallation sources with multiplicative subcritical nuclear systems.

Justification
Most countries with nuclear programs are considering ADS systems as a method to implement
nuclear waste transmutation in the scope of their nuclear waste management strategies. To be able
to design a demonstration facility, institutions working on ADS should have the tools to perform
detailed ADS calculations, namely from the high energy proton beam down to thermal neutron
energies.

In the ongoing IAEA-CRP on "Use of Th-based Fuel Cycle in ADS to Incinerate Pu and to Reduce
Long-lived Waste Toxicities" reactor physics benchmark calculations on ADS have been and are
still being performed. In these calculations, usually fixed external neutron sources are used.
Comparison of the results of the calculations performed in the framework of this CRP show that
large discrepancies exist both related to the use of different methods and data. To clarify these
discrepancies and to validate even those results for which agreement was reached integral
experiments are required.

Therefore, the proposal is to set up a CRP in which the participants perform a computational and an
experimental benchmark using integrated calculation schemes.

Goals
The proposed CRP should address all major physics phenomena of the spallation source and its
coupling to the subcritical system, including:



1. Spallation source calculation in the presence of a multiplicative subcritical system;

2. Neutron energy degradation from above 10 MeV down to 100 KeV in the presence of the
heavy elements of the spallation target (Pb,Bi,W,...) and of the fuel (Actinides,O,N,H)
(Inelastic process phenomenology);

3. Source importance dependence on: spallation target dimensions, position, shape, materials
and fissionable materials arrangements around the spallation target;

4. Source multiplication vs. K^g eigenvalue. It is a normal feature -and should always be a
requirement- of ADS that after beam shut down the subcriticality level should remain
sufficiently far from criticality;

5. Fast neutrons (from the spallation source + multiplication) penetration, containment and
induced radiation damage: specific shielding requirements and radioprotection measures
both for the spallation target and for the core internals;

6. Activation of the spallation target: both directly from the spallation process and from the
charged particle and neutron transport.

7. Energy deposition in the spallation target.

Imp fomentation
To prepare the actual CRP work it is recommended that the IAEA convenes an AGM to review the
state of the art in computational methods and data and the ongoing and planned integral experiments
in this field
Most probably, this review will lead to a proposed series of experimental benchmarks or to a multi-
stage benchmark including:

• ISTC B070 started at Minsk (Belarus): can provide information about points 2, 3,4 and 5. In
particular the possibility to use a 14 MeV (D-T) neutron source with very high (n,2n)
probability in a thick lead or Pb/Bi target and the complementarity (fast vs. thermal) with the
MUSE experiment taking place at Cadarache (France) should be explored;

• Foreseen experiments at Dubna (SAD = 660 MeV protons on a Fast U-239Pu MOX fuel
with modest direct shielding): Of general interest for all the points but particularly for points
1, 3, 5 and 6. It is also complementary to MUSE in the sense that, being both fast neutron
spectrum systems, MUSE uses a precision neutron (D-T or D-D) source whereas SAD uses a
real spallation proton driven source (more difficult to characterize);

• Experiments on spallation target activation will be required for point 6. There are ISTC
projects and other experiments that could provide data on thick target activation after
irradiation by proton beams. In addition, the GSI inverse kinematics spallation yield
measurements on thin targets can provide relevant basic data for the simulation of those
previous experiments;

• In a latter phase, some MYRRHA like systems could be studied, because they will be
representative, from an engineering point of view, of a sensible system involving all points 1
to 7. In addition, such systems can allow to explore external source importance enhancing by
the method of coupling subcritical regions inside one ADS (related to points 3 and 4);

• In an intermediate phase a simplified calculation benchmark could be used to identify
sources of discrepancies on the full simulations (Proton to thermal) of ADS systems and/or
integral experiments.



II. "Technical Assessment of the Beam-Target Interface for ADS" (CRP)

Objective
The objective of this proposal is to characterise the beam-target interface for both window and
windowless target design for ADS.

Justification
One of the most important problems facing ADS designers is the dilemma of beam injection. It may
be in principle done through a window isolating accelerator vacuum from the target or without it.
Beam window is to work in unique conditions still not experienced in operating accelerators:
radiation damage and energy deposit induced directly by the beam are aggravated by intense fast
neutron radiation coming from the liquid target material and from the blanket and by the contact
with the flow of high temperature coolant. So intense numerical experiments are desirable to model
this complicated environment.
On the other hand, if there is no window, the designers should know in detail the isotopic
composition of the radionuclides produced in the target by the spallation reactions and fission and
their physical and chemical properties determining the intensity of contamination of the accelerator
to decide whether the windowless injection is feasible (there are also purely hydraulic problems of
the coolant surface stabilisation).

Goals
1) Calculations of the radiation parameters, temperature conditions and mechanical stresses in

structural materials up to 20 MW window cooled by Pb-Bi.
2) The analysis of existing and emerging information on various aspects of operation of the

windows of powerful accelerators and on the radiation stability of candidate materials in reactor
conditions.

3) The assessment of the influence of all those factors on the thermo-mechanical stability and
resulting life-time of the window.

4) Calculations of the nuclides composition and activity of the target irradiated by powerful proton
beams.

5) Evaluation of the intensity of evaporation of the target material and of the contaminants into the
vacuum space of the accelerator.

Extensive investigations of the various aspects of ADS development including beam injection
problems are planned in many countries in the framework of various national and international
programs ( European Union, Japan, Republic of Korea).

Implementation
The CRP activity should be co-ordinated with the plans mentioned above, to avoid duplication and
provide mutually useful information (complementary to other materials studied by other groups).

III. "Assessment of Methods and Comparison of Different Proposals for ADS Neutron
Source Enhancement" (Technical Committee Meeting (TCM))



Objective
The objective of the proposal is to evaluate the potentialities of coupling several subcritical regions
inside a single ADS in order to reduce the accelerator intensity requirements, both for transmutation
and energy producing oriented ADS.

Justification
By reducing the requirements of the ADS accelerators it could be possible to use presently available
technology and to reduce the accelerator size obtaining important technological benefit for their
industrial deployment.
Several conceptual designs have been proposed (Belgium, France, India, Poland, Russia,...) which
make use of the partial coupling of several subcritical regions inside a single ADS. However these
proposals require detailed simulation studies to assess their performance, paying special attention to
feasibility, operability and safety of the complete ADS complex.

Mechanisms for implementation
It is recommended that the IAEA convenes a Technical Committee Meeting (TCM) on the topic to
review the detailed characteristics of the different proposals. This meeting should highlight both the
neutronic and the safety related parameters of such devices and should converge towards a
simplified configuration. This model could be used for a detailed benchmark involving integrated
calculation schemes. These schemes should include detailed transport simulation of high and low
energy particles, as a consequence of the strong coupling between the spallation neutron source and
the subcritical multiplicative modules.
ADS dynamics should be accounted for in order to assess the potentialities and impact on safety of
the proposed systems.

IV. "Developments in the Field of Heavy Liquid Metal Thermal Hydraulics Related to ADS"
(Technical Committee Meeting)

Objective
The objective of this proposal is the assessment of the main shortcomings of the present
Computational Fluid Dynamic (CFD) codes used for HLM simulation and to propose future
research activities, in both the numerical and experimental area.

Justification
The use of Heavy Liquid Metals (HLMs) is rapidly diffusing in different research and industrial
fields. The detailed knowledge of the basic thermal hydraulic phenomena associated with their use
is a necessary step for the development of tools to be used in the engineering of HLM components.
This is particularly true in the case of high power particle beam targets and in the case of ADS sub-
critical core cooling where the use of CFD tools for their design is mandatory.
The experience in HLM thermal fluid dynamics in both experimental and numerical fields is at
present moment limited and somehow dispersed. This is the case when considering turbulent
exchange phenomena and free surface and two-phase flows.



Goals
The Benchmark Working Group on HLM (BWG-HLM)2 will be conducting a comparison of the
CFD codes to experimental data relevant to the above mentioned topics in order to:
• assess the degree of precision and accuracy of CFD codes in their present stage;
• estimate new experimental parameters to include in current turbulence models;
• eventually develop new models more suitable for HLMs.
The same group will be reviewing the experimental activities in the field of thermal-hydraulics of
HLM in order to:
• list HLMs facilities and experiments currently working or planned.
• find a possible co-ordination of the experimental activity.
• launch an evaluation activity using numerical codes on current and future HLM experiments.
• discuss future planning and collaborations and to establish a network among institutions

involved in HLMs Thermal-Hydraulics.

Implementation
It is recommended that the IAEA convenes a TCM where the conclusions of the above mentioned
activity will be discussed. The outcome of this TCM could lead to the definition of a CRP that
would co-ordinate the future activities in the CFD area in terms of priorities and relevance to the
ADS development.

V. "Assessment of ADS Dynamics and Safety Physics" (Technical Committee Meeting
(TCM))

Objective
The objective of this proposal is to come to a better understanding of the theoretical background of
the dynamics of sub-critical source driven systems and the application in the safety analysis of
accelerator driven systems. Special emphasis should be put on the reliable fast determination of the
level of sub-criticality.

Justification
A common stated advantage of accelerator driven systems (ADS) compared to critical reactors (CR)
is the improved safety characteristics. Until now no qualified overall analysis of this feature seems
to be available, especially in conjunction with system optimisation.

In general, improvement of the safety characteristics seems to be reached if prompt super-criticality
of the system may be excluded with the level of sub-criticality chosen for the nominal system in all
depletion stages. It is clear, that the level of sub-criticality is the main parameter for the
minimisation of the required proton currents.

Dynamic responses to system disturbances may have significant impact on the availability and
reliability of ADS. Economic aspects may be touched by lifetime dependencies of important
components on these dynamic responses. Important sources of system disturbances may be e.g.
proton beam level changes and cooling anomalies.

' Ad-hoc group including research organisations, universities and CFD code developers



Comparisons of dynamics characteristics for different specific designs may be helpful for the
identification of acceptable solutions.

Goals
On the basis of physical properties of the components and using common sense arguments
comparisons of different designs may lead to possible worst geometrical reconfigurations during
core destructive accidents. On the basis of static system calculations for these situations possible
maximum criticality values could be estimated.
Aspects to be investigated include:
• different coolants
• natural / forced convection cooling
• different fuel types: oxide, nitride, metallic
• different fuel: Th, U, Pu, MA
• design specific features like loop, pool
• coupling accelerator with power generation in the blanket

In the field of ADS dynamics analysis a major problem seems to be the absence of general accepted
closed theoretical formulation of the solution, e.g. for the application of the perturbation theory or
for the definition of reactivity.
Improved insights to these problems may be gained by simplified benchmarks with increasing
complexity and selected realistic disturbances:
• 1 -d or 2-d (R-Z) models
• proton current changes, no feedback
• simplified feedback mechanisms

In subsequent stages, depending on the progress, more elaborate problems may be defined.
An important aspect of the dynamics investigations is the reliable and fast determination of the level
of sub-criticality of an ADS, e.g., a fast reliable monitoring of an acceptable sub-criticality level
may avoid emergency shutdowns during strong reactivity changes, as required in CR.

Implementation
It is recommended that the IAEA convenes a TCM on this topic.

VI. "Comparative Assessment of Solid and Mobile Fuels for ADS, and Non-Proliferation
Aspects" (Technical Committee Meeting (TCM))

Objective
The objective of this proposal is to achieve a comprehensive and up-to-date comparative review of
both the various fuel concepts foreseen for ADS and the corresponding ADS technologies.
Particular attention should be given to non proliferation aspects intrinsic to the proposed
technological developments.

Justification
Important theoretical and experimental R&D activities are pursued in many laboratories geared
towards the study of the potential for energy production and transmutation of ADS. Fuel
development studies are central to most of these activities, and presently a wide spectrum of
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research avenues is being pursued. Thus, it is felt that there is a strong incentive for achieving a
comparative assessment of the state of the art in this field.

Goals
The two main categories to be considered in the comparative assessment are solid and mobile fuels.
All concepts being proposed and investigated within each of the two categories have to be
considered (e.g. oxide, metal, nitride,. in the former, and molten salt, pebble beds,... in the latter).
A by no means exhaustive list of the criteria to be considered in the comparative assessment is
given below:
• Availability of basic data and technology
• Fuel behaviour under irradiation
• Fuel cycle (front to back end, with particular emphasis on the simplification of the fuel cycle)
• Non proliferation aspects (e.g. use of degraded fuel, inherent barriers for fuel divergence,...)

Implementation
It is recommended that the IAEA convenes a TCM on this topic.



Report on the Consultancy on
"Database Development for ADS R&D",

SCK>CEN Research Centre Mol, Belgium, 6 - 8 December 1999

Background

The needs for strengthening the international cooperation in the field of the R&D for accelerator
driven systems was emphasized by the participants of several international forums:

Technical Committee Meeting on Feasibility and Motivation for Hybrid Concepts for
Nuclear Energy Generation and Transmutation, Madrid, Spain, 1997;
The 9th International Conference on Emerging Nuclear Energy Systems (ICENES'98), Tel-
Aviv, Israel, 1998;
The Third International Conference on Accelerator-Driven Transmutation Technologies and
Applications, Prague, Czech Republic, 1999.

The Consultancy on Hybrid Concepts for Nuclear Energy Generation and Transmutation held in
Vienna, on 16-17 December 1996, discussing organizational aspects of a possible IAEA
involvement, came to the conclusion that an effective coordination would necessitate the creation of
an information document on existing and planned experimental facilities which can be used for
accelerator driven systems related R&D. The information will be provided by the Member States
and distributed to all interested Institutions. To facilitate this programme, the IAEA organized work
to prepare a database (DB) on experimental facilities for accelerator driven systems related R&D.
The IAEA requested the Institute of Physics and Power Engineering (IPPE), Obninsk, Russian
Federation to design and develop the Accelerator Driven Systems DB in accordance with the
requirements described in recommendations, prepared by the IAEA (NPTDS/NENP and
NESI/Systems Development Section).

Based on previous meetings, the IAEA Secretariat had distributed ahead of the Consultancy some
background information on the elaboration of the ADS DB to the participants of this meeting and
about 10 copies of the ADS DB version 1.1 to selected specialists who were involved in the DB
development.

Conduct of the Consultancy

The IAEA Consultancy on the review of the draft versions (in electronic format) of the DB of
experimental facilities and computer codes for accelerator driven systems related R&D, was
convened from 6 to 8 December 1999, in Mol, Belgium. The meeting was hosted by the SCK*CEN
Nuclear Research Centre, in Mol, Belgium.

The Consultancy consisted of several presentations and was attended by twelve representatives and
observers from six countries and two international organizations (Belgium, France, the Netherlands,
Russia, Spain, Sweden, CERN and IAEA).

The meeting was chaired by Mr. W. Gudowski, The Royal Institute of Technology, Stockholm,
Sweden. Presentations and/or statements were made by all participants.



During the meeting, Mr. Yu. Korovine (Russia, INPE) presented the report" Nuclear data and data
libraries for ADS projects". He described a new computer code package "CASCADE/INPE" which
has been elaborated at the Institute of Nuclear Power Engineering to simulate nuclear processes
taking place in advanced nuclear energy systems including accelerator driven facilities. One of the
modules of the package calculates characteristics (up to 50 GeV) of the particles interaction with
matter and, subsequently, the tracking of particles produced up to low energies. Other modules
perform the calculation of particle transport, effective criticality factor, energy deposition etc., at
low energies. Information about the cross section data library "BISERM", the nuclear data files
"WIND", "IAEA-99" have been presented. The Keff value calculated with the help of the different
data libraries, as well as spallation yields for thick lead targets with the help of the
"CASCADE/INPE" code have been discussed.

Database review and test

The representative of IAEA presented a history of the ADS DB development. Mr. A. Voropaev, and
Mr. D. Volnistov IPPE, Obninsk, Russia described details of the ADS DB design and demonstrated
two run-time versions and a preliminary draft of an Internet version.

The layout, functionality and technical features of the electronic version of the ADS DB were very
carefully reviewed and tested at the Consultancy and the group came to the following conclusions:

• The Microsoft Access97 version of the DB (version 1.1) was accepted as the main version of the
DB. After implementation of the improvements proposed by the group, this version will be
published;

• The results of the DB review and the recommended changes were handed over to the DB
developers;

• The Microsoft Access97 version of the DB (version 2.0), prepared with a simplified standard,
was considered to be less readable and less userfriendly, and it is recommended not to further
develop this version;

• The Internet version of the DB will be prepared using a browser approach, similar to the
Access97 version 1.1;

• The submission forms for the DB should be prepared in electronic version, preferably using the
Web, and distributed by the end of January 2000;

• It was recommended that a WebPage for the IAEA ADS activities should be created as soon as
possible. This page will be in the future an entry portal for the ADS, the Status Report, and will
also contain any other relevant information, e.g. minutes and reports of expert meetings;

• In order to inform the specialists and public of the existence of the ADS DB, as well as for its
further improvement and upgrade, it was recommended to put the present version of the DB on
the IPPE SQL server. Moreover, it is desirable that an information about the DB be put on an
IAEA info-server and distributed over ADS-related WebPages;
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• Distribute approximately 50 CD ROMs with the present version to all participants and
contributors of the DB project and request them to:

- Check the ADS DB content and make necessary updates
- Review the DB and make recommendations for further improvements;

• Efforts should be made by IAEA to complete the DB with necessary data from countries like
USA, France, Italy, Germany, Belgium, Sweden, etc.

• The DB should be updated by the IAEA at least every 3 months in the initial period.



Report on the Peer Review Meeting on the
"Programme Performance and Assessment System (PPAS)

Evaluation of Sub-programme A.2",
Vienna, 6-10 March 2000

A) TERMS OF REFERENCE

I. CONTEXT

The PPAS of this Sub-programme will complete a series of PPAS evaluations recently undertaken
in Major Programme 1: Nuclear Power and Fuel Cycle. Those completed include the
programme-wide PPASs of Major Programme-1, Programme С (Comparative Assessment of
Energy Sources), and Sub-programme A. 1 (Nuclear Power Planning, Implementation and
Performance), with another PPAS of Programme В (Nuclear Fuel Cycle and Waste Technology)
being carried out in parallel to this one. This PPAS of sub-programme A.2 will help complement
the above, providing a more complete portrait of the Major Programme activities and provide a
more complete basis the upcoming PPAS of Programme A (Nuclear Power) scheduled for 2001.

II. EVALUATION OBJECTIVE, SCOPE AND EXPECTED USE

Objective: The objective of this PPAS evaluation is to evaluate the performance of Subprogramme
A2 "Nuclear Power Reactor Technology Development", including its relevance, effectiveness,
impact and efficiency, and the extent to which it is meeting the expressed needs of Member States
(MSs). The evaluation should assess the overall Sub-programme as well as its components and
should provide recommendations for improvements.

Expected Use: The results will influence the programme planning and execution beginning with the
formulation of the 2002-2003 Programme and Budget. Operational adjustments may also be made
in the 2001 programme. This PPAS will also provide a partial basis for and input to the PPAS
Evaluation of Programme A.

Scope: The evaluation will cover performance during the 1997-1998 biennium period and during
the current biennium (1999/2000), and provide suggestions for future directions. Activities to be
evaluated include technology development for LWRs, HWRs HTGRs, LMRs, Actinide
Transmutation and Nuclear Desalination as well as support for Technical Co-operation activities
will be categorised into the following areas:

1. Small and Medium Sized Reactor Development;
2. Advanced Technologies for Water Cooled Reactors;
3. Nuclear Systems for Utilisation and Transmutation of Actinides and Long Lived Fission

Products; and
4. Nuclear Desalination.
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Issues: The issues to be addressed are:

Relevance

• are the objectives and activities relevant to the expressed needs of the MSs?
• who are the beneficiaries of the Sub-programme?
• are the methods for identifying changes in the needs of MSs, and for assuring that the Sub-

programme's activities remain consistent with these needs, appropriate?
• since there is currently no standing advisory group for the project on small and medium reactors,

how can this project best receive guidance from Member States in the future?
• what should be the objective and scope of this Sub-programme in the future to enhance

relevance to the expressed needs of Member States?

Impact
• what important results / contributions are made by Sub-programme A.2.?
• what benefits has the Sub-programme had on nuclear activities in MSs (for each of the

following groups of MSs)?
• industrialised MSs with large nuclear power programmes
• developing MSs with nuclear power programmes
• developing MSs considering nuclear power programmes

Effectiveness

• how can the Sub-programme activities be more effective?
• what performance indicators can be used on a continuing basis to verify that the Sub-programme

activities are meeting the needs of each of the above groups of MSs.

Efficiency
• what practical means should be used for the implementation of Sub-programme A2 (e.g.

meetings, CRPs, contracts)?
• what are potential improvements in Agency operations and administration which would enable

the Secretariat to work more efficiently in achieving the stated objectives and carrying out
approved tasks?

• should some areas of nuclear power technology development which are currently performed
within other Sub-programmes be moved to A.2? Should any areas be moved out of Sub-
programme A.2?

• should the activities within the Sub-programme on educational training using reactor simulators
be financed by the TC Budget?

• how should the Sub-programme efficiently facilitate international co-operation to enhance
synergy on SMRs and innovative reactors? Are there any overlaps/duplications in activities
with other organizations

• how can the scope of the SMR project and its relationship with other projects in the Sub-
programme be defined to minimise duplication of effort and optimise use of existing and
planned activities and organisation structure?

///. EVALUATION METHODOLOGY

As for PPAS Evaluations previously undertaken in Major Programme 1, the evaluation of Sub-
Programme A.2 will be undertaken by an external evaluation panel (subsequently referred to as
the Panel), with support from the Agency.



Documentation, to be provided to the Panel at least one month prior to its first meeting, will
include:

1. Terms of Reference
2. Relevant excerpts from the SEG and the PPAS of MP-1
3. Background Information Paper
4. Self-Assessment Synthesis Report
5. List of Panel members
6. Draft Agenda for the First Panel Meeting

The evaluation will involve the following activities:

1. Background Information Paper: Sub-programme staff will gather and summarise relevant
information on activities conducted during the time intervals noted under scope, into a
Background Information Paper. The paper, which will be kept to the minimal essential level,
will be sent to the Panel prior to their first meeting in Vienna to orient them to the specific
aspects of the Sub-programme.

2. Self-assessment: Sub-programme staff will perform a self-assessment of the four activity areas
noted under Scope. This will involve two steps: first, each of the four activity areas will be
reviewed and analysed. Second, these materials will then be assimilated and prepared into a
Synthesis Report for the overall Sub-programme. The Sub-programme will employ a consultant
to help conduct the self-assessment and to prepare this report.

3. External Evaluation: Two meetings of the Panel will be held, with a set of proceeding and
intervening activities, to evaluate the Sub-programme and to prepare an evaluation report.

a. Gathering of information on issues by the Panel. Before their first meeting, Panel
members will obtain feedback on the issues listed in Section II from within their Member
States. The feedback will be gathered through contacts with their country's members of the
International Working Groups (IWGs), and International Desalination Advisory Group
(INDAG), and through contacts with other persons considered appropriate by the Panel
members.

b. First Meeting of the Panel (one week). The Panel will be provided with a set of briefings,
will discuss the issues, considering the feedback obtained from within their Member States,
and obtain any further clarifications and information necessary from the Secretariat.

Sub-programme staff will assist the Panel by making brief presentations on the four areas
under scope, highlighting the achievements and problems encountered. The briefings will
cover highlights of (a) the background information paper, and (b) the self-assessment results
for each area as reported in the Synthesis Report, as well as an overview of the Synthesis
Report.

The Panel will examine the material presented and identify any additional information and
documents needed. Prior to departing, the Panel members will agree on the allocation of tasks
for preparing the draft final report to be written before the second meeting.

During the time between the two meetings the Panel members may gather and analyse
additional feedback from A.2 clients and counterparts in Member States, prepare materials as
input to the draft report.
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с. Second Meeting of the Panel. At this meeting (5 days duration), the Panel members will
discuss their findings and observations, obtain any necessary clarifications from Agency staff
members and prepare a draft report, assembling draft findings, conclusions, and
recommendations. The Panel will provide a briefing to Agency staff on the evaluation results
at the end of the second meeting.

The Rapporteur and Chairperson, working in co-ordination with the Panel, will finalise the
report. The final report, which does not need to be a consensus document, will be sent to the
Agency within one month after the second meeting.

IV. EVALUATION TIMETABLE & REPORTING

A schedule of activities is given below:

1999 November 30 Terms of reference prepared by NPTDS and External

Evaluation Panel identified by NPTDS

2000 January 21 Terms of reference approved

2000 January 31 Panel Membership approved

2000 February 9 Letter sent to the Panel members defining the task

2000 February 12 Information package prepared and sent to Panel members

2000 March 6-10 First meeting of the Panel

2000 May 22-26 Second meeting of the Panel

2000 May 31 Submission of full draft report

2000 June 16 Submission of final report

The Panel will consist of nine persons. The relatively large membership is necessary to achieve
appropriate representation from geographic areas, developed and developing countries, the various
reactor technologies, and both design and user organisations. The importance of the sub-programme
activities and the need for their comprehensive evaluation is confirmed by the approximately US$
2B/year spent world-wide on reactor design and development.

The Panel will be drawn from top level managers in the nuclear industry and nuclear research
institutes, and government officials in the energy sector, familiar with the Sub-programme activities
and experienced in one or more of the following areas:

• LWR technology
• HWR technology
• HTGR technology
• LMR technology
• Actinide burning
• SMRs
• Nuclear Desalination



The Panel membership will reflect:
Geographical distribution,

- Developing and industrialised MSs , and
- Vendor and user/potential user organisations

B) Background Information Paper

1.0 Overall Framework

1.1 Overview

Nuclear energy can make an increasing contribution to energy production that avoids greenhouse
gas emissions if it can maintain a very high level of safety and compete economically with fossil
alternatives. As a result major investments are being made world-wide to advance nuclear reactor
technology. Expenditures on the development of new designs, technology advances and the related
research for the major reactor types combined is estimated to exceed US$2 billion per year. Several
types of organizations are involved, including international organizations, governments, industries,
utilities, universities, national laboratories and research institutes. There is a need to maximize the
benefits of the developments that are being undertaken by facilitating information exchange and
cooperative research, especially for developing countries.

The Statute of the IAEA includes the following functions:

"To encourage and assist research on, and development and practical application of, atomic
energy for peaceful uses throughout the world"(vai.dGt Article Ш-А.Ц and,

"To foster the exchange of scientific and technical information on peaceful uses of atomic energy"
(under Article Ш-А.З).

Consistent with the above functions, Major Programme 1 has the following strategic objective:

"To assist Member States in the peaceful uses of nuclear energy, its fuel cycle and associated
radioactive waste management, and to support Member States interested in promoting the safe and
economic use of nuclear power, for sustainable energy development, particularly in developing
counties."

Within Major Programme 1, Programme A has the specific objective of providing:

"State-of-art guidance and assistance to member states in designing and in implementing national
nuclear power programmes, promoting comprehensive management of nuclear power plants for
excellence in overall performance, and... to serve as a forum for exchange of information in all
areas of nuclear power plant technology development and operation".

Sub-programme A.2, which is performed under the jurisdiction of the Nuclear Power Technology
Development Section (NPTDS), exists to foster the global realization and sharing of the benefits of
the technology advances in nuclear energy by facilitating international information exchange and
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co-operative research. Consistent with the IAEA Statute, NPTDS, through Sub-programme A.2,
provides balanced, objective information to all Member States on technology status and
development trends for current and future reactor systems, and a global forum for experts from
Member States to exchange information on technology advances and development needs, and to
establish and carry out co-operative research projects.

1.2 Organization

The position of the Nuclear Power Technology Development Section (NPTDS) within the IAEA
Department of Nuclear Energy is shown in Figure 1.
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Figure 1: Position of NPTDS within the Department of Nuclear Energy
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2.0 Sub-Programme A.2

2.1 Rationale for Sub-Programme A.2

Sub-programme A.2 provides the core technical competence for the IAEA in nuclear power reactor
technology development and nuclear plant design for electricity production and heat applications.

Through its various activities, particularly through its established standing advisory groups, Sub-
programme A.2 maintains up to date information about advanced reactor technology developments,
and their applications, as well as information on major development needs.

2.2 Sub-Programme Overview

2.2.1 Context

Sub-programme A.2 is directed at meeting the needs of Member States, within the objectives
defined for Major Programme 1, Programme A, and Sub-programme A.2 defined in Section 1.1, in
a capable and efficient manner.

The basis for the overall direction of sub-programme A.2, the selection of projects, and the relative
priorities given to projects, including funding levels, derives from the resolutions of the General
Conference, and from the Board of Governors. In addition, the Division of Nuclear Power receives
advice from experts that are selected from time to time by the Agency for the purpose of reviewing
Agency activities. Relevant excerpts from two such reviews, the Senior Expert Group (SEG), and
the PPAS of MP-1, are provided in Appendix B.

The basis for the selection of tasks within projects, and the relative priorities between tasks derives
from the advice received from members of the International Working Groups (IWGs) and from
Advisory Group Meetings, which are held for the purpose of advising the Agency on tasks within
the projects.

The scope of the IWGs is broad, integrating the application of advanced technologies in all aspects
of reactor development, deployment and operation. Some specific topics are addressed in more
depth in other international organizations and elsewhere within the IAEA, for example within the
frameworks of the IWG on Nuclear Power Plant Control and Instrumentation (IWG-NPPCI), the
IWG on Water Reactor Fuel Performance and Technology (IWG-FPT), and the IWG on Life
Management of Nuclear Power Plants (IWG-LMNPP). The NPTDS keeps abreast of such work to
avoid unproductive overlap, and co-ordinates activities with other IAEA projects, and with related
activities of other international organizations where appropriate.

The countries and organizations participating in each of the IWGs and INDAG are identified in
Appendix A.

The Agency, through Sub-programme A.2, is the international organization that provides a global
forum for the co-ordination of international activities in information exchange and co-operative
research in the following context:

• Capital and operating costs are the major components of the cost of energy produced by
nuclear power plants. Identification of ways to reduce capital and operating costs of nuclear



plants is necessary to ensure the competitiveness of nuclear power relative to alternative
energy sources, while maintaining safety targets,

• Energy demand is growing, mainly in developing countries, as a result of their increasing
population and the need to improve their standard of living. Small and Medium sized
Reactors (SMRs) are being designed and developed to meet specific requirements of
developing countries with their smaller grids, limited capacity to finance large projects, and
need for proliferation resistance and user friendly features such as ease of operation and
maintenance,

• Most of the primary energy produced is consumed in the form of heat. To take full advantage
of the nuclear option, and to improve the economics of nuclear energy, the utilization of
nuclear heat for various industrial processes is under evaluation. In particular, nuclear
desalination of seawater is increasingly being considered as an important option to cope with
water shortages in many Member States, and,

• Continued advances in reactor technologies are necessary to assure fuel resources, and
contribution to the resolution of nuclear waste issues, and thereby enhance the use of nuclear
power.

2.2.2 Sub-Programme A.2 Organization

During the period covered by this PPAS, Sub-programme A.2 consisted of the eight projects
described below; tasks in the eighth project, to provide support of the Agency's technical co-
operation activities, are conducted by staff assigned to the other projects. Subsequent discussion
focuses on the seven projects with the tasks of the eighth included appropriately.

A.201: Small and Medium Sized Reactor (SMR) Development - Serves to foster the
exchange of information on current trends in technology development and the design
of small and medium reactors of all types for electricity generation and heat production
and to review and improve their technical and economic feasibility.

A.202: Advanced Technologies for Light Water Cooled Reactors - Serves to foster, within
the framework of the International Working Group on Advanced Technologies for
LWRs ( IWG-LWR), the exchange of scientific and technical information and
international co-operation on advances in the development of technology and the
design of current and future light water cooled reactors in order to enhance
performance and further improve economics and safety.

A.203: Liquid Metal Cooled Reactors - Serves to foster, within the framework of the
International Working Group on Fast Reactors (IWG-FR), the international exchange
of scientific and technical information on development programmes and design
approaches for fast reactor systems.

A.204: Gas Cooled Reactors Serves to foster, within the framework of the International
Working Group on Gas-Cooled Reactors (IWG-GCR), the exchange of scientific and
technical information and international co-operation on generic research and
development programmes for gas cooled reactor systems with the potential to provide
electricity and/or high temperature process heat.
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A.205; Advanced Technologies for Heavy Water Moderated Reactors — Serves to foster,
within the framework of the International Working Group on Advanced Technologies
for Heavy Water Reactors (IWG-HWR), information exchange and co-operative
research on technology development for current and future HWRs, with an emphasis
on economics, safety, and fuel resource sustainability.

A.206: Cogeneration and Heat Applications — Serves to provide a forum for the exchange
of information on non-electric applications of nuclear energy, such as district heating
and low temperature process heat supply, and, in particular, in the framework of the
INDAG on nuclear desalination, to assess the potential of nuclear energy for
cogeneration and non-electric applications and provide guidance for planning and
demonstration.

A.207: Emerging Nuclear Energy Systems for Energy Generation and
Transmutation - Serves to facilitate the exchange of information and assessment of
emerging systems for energy production with reduced actinide generation and the
transmutation of actinides and long-lived fission products.

A.208: To Provide Support of the Agency's Technical Co-operation Activities - This
project provides technical support to the agency's technical co-operation activities as
needed.

Each NPTDS project makes use of established Agency tools, such as organization of information
exchange meetings, publications and Co-ordinated Research Projects (CRPs). CRPs) are established
by the IAEA in areas that are of common interest to a number of Member States and are typically of
3 to 5 years in duration, often involving experimental activities. Such CRPs have a strong team-
building effect, allow a sharing of efforts on an international basis, and benefit from the experience
and expertise of researchers from the participating institutes.

3.0 Sub-Programme A.2 Trends

3.1 General Trends

In the decades previous to about 1990, the major focus for nuclear power world-wide was the design
and construction of nuclear plants of increasing size to take advantage of the economy of scale that
applies to both specific capital and specific operating costs. This was appropriate for industrialized
countries with expanding electricity demands, which could add generation capability to their
electrical grids in large increments. The majority of the activities of NPTDS during this time period
were directed at supporting the large reactor development programmes.

However, in recent years, there has been an increasing emphasis on the development of Small and
Medium Reactors (SMRs) having outputs of less than 700 MW(e), to meet the electricity and
process heat demands in developing countries where electrical grids and industries cannot accept
the additional capacity of a large nuclear plant. During this time frame, NPTDS activities have been
adjusted to meet the changing requirements of the Member States. Recent General Conference
resolutions and the objectives formulated in the Medium Term Strategy give high priority to
activities on SMRs, and on cogeneration of electricity and heat, in particular for desalination of
seawater. Such activities have been increased. For example, an international Seminar on "The
Status and Prospects for Small and Medium Reactors" is being arranged under project A.2.01, to be
held in 2001.



NPTDS is also co-ordinating the development of guidelines for the preparation of user
requirements directed to the introduction of SMRs in developing countries; this activity is being
closely co-ordinated with the IAEA's nuclear desalination project due to the potential of SMRs to
be operated in a cogeneration mode.

A broader range of nuclear power options to meet individual Member State needs is also being
evaluated. These options include: reactors originally designed for ship propulsion now being
considered for combined electricity generation and desalination; reactors which can be periodically
returned to the vendor for refuelling as a new approach to proliferation resistance; and the
development of a gas-cooled reactor with small unit rating, coupled directly to a gas turbine.

Overall trends in Sub-programme A.2 include the further reduction in the number of meetings and
consultancies; this results from budget restraints, but tends to reduce the effectiveness of the sub-
programme activities by reducing the interaction between international experts. At the same time,
the number of CRPs has been increased in response to the needs of Member States.

3.2 Work Organization Trends

As recommended by External Expert Review Group, during the PPAS of Major Programme 1, the
eight projects in sub-programme A.2 will be consolidated into five projects, beginning in 2001. The
consolidation continues to reflect the importance of the development of SMRs, advanced
technologies for water cooled reactors, the development of nuclear systems for the utilization and
transmutation of actinides and long-lived fission products, and the nuclear desalination of seawater.
The current standing advisory groups (IWGs and INDAG) will be maintained within the new
project structure.
The five projects of sub-programme A.2 planned for 2001 are:

A.201: Small and Medium Sized Reactor (SMR) Development - This project combines
previous projects A.2.01 on SMR development and A.2.04 on Gas Cooled Reactors;
the objective of the new project is to increase the exchange of information on issues
common to SMRs of all reactor types, specifically high temperature gas cooled
reactors (HTGRs), for improving economics, safety, and fuel utilization.

A.202: Advanced Technologies for Water-Cooled Reactors - This project combines
previous project A.2.02 on Light Water Reactors and A.2.05 on Heavy Water Reactor;
the objectives of the new project are:

a) To foster, within the frames of the International Working Groups on Advanced
Technologies for LWRs and HWRs (the IWG-LWR and the IWG-HWR), the
exchange of scientific and technical information, and international co-operation on
advances in the development of technologies to enhance performance and further
improve economics, safety and fuel utilization of current and future LWRs and
HWRs.

b) To collect, analyse and provide, through publication of status reports and other
technical documents, balanced, objective information to all Member States on
technology status and development trends for current and future water-cooled reactor
systems and their applications.

A.203: Nuclear Systems for Utilization and Transmutation of Actinides and Long-Lived
Fission Products - This project combines the previous projects A.2.03 on Liquid
Metal Reactors and A.2.07 on Emerging Energy Systems for Energy Generation and
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Transmutation. The objective of Project A.2.03 is to increase the exchange of
information on the development of technologies for fast reactor systems as well as for
emerging energy systems for energy production with reduced actinide generation and
for the transmutation of actinides and long-lived fission products.

A.204: Nuclear Desalination - Previous project A.2.04 covering cogeneration and heat
applications has been modified to place increased focus on nuclear desalination; the
objective of this project is to increase the exchange of information on the introduction
of nuclear desalination and other applications of nuclear energy.

A.205: Support of Technical Co-operation Activities - this project, with the object of
providing technical support to the Agency's Technical Co-Operation Programme, is
unchanged.

3.3 Sub-Programme A.2 Resources Trends

A general reduction in the year-to-year annual funding for Sub-programme A.2 has been the trend
over the evaluation period; this trend continues into 2001. The total funding from all sources
available to NPTDS for the execution of Sub-programme A.2 for fiscal years 1997, 1998, 1999,
2000, and 2001 is summarized in Table 3-1.

Table 3-1
Sub-Programme Funding Trends ($1000)

Year

Project
A.2.01 and .2.04
A.2.02 and .2.05
A.2.03 and .2.07
A.2.06
Technical
Support
Total
Preliminary figures

Renumbered
in 2001
A.2.01
A.2.02
A.2.03
A.2.04
A.2.05

1997
Budget $K

492
675
377
481

65

1,990

1998
Budget $K

438
576
377
427

65

1,883

1999
Budget $K

465
612
411
375

70

1,915

2000
Budget $K

457
522
439
384

76

1,878

2001*
Budget $K

484**
542**
464**
405**

70

1,965

** Includes $20,000 extra assigned overhead costs

The trend in NPTDS staff levels over the period 1997 to 2001 is presented in Table 3-2. As
indicated, there has been a 25% increase in the number of professionals employed within NPTDS
since 1997. This increase in staff costs, combined with the reduced funding levels significantly
reduces the ability of NPTDS to fund other activities, particularly those activities conducted away
from the VIC, or which require financial support to participants (for example, those from
developing countries).
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Year

Staff
Professionals
(regular posts)
Professionals
(temporary assistance)
Professionals
(cost-free experts)
Total professionals

Secretaries
(regular posts)
Secretaries
(temporary assistance)
Total secretaries

NPTDS

1997

62.4

21.6

24.0

108

40.8

16.8

57.6

Table
Staff Levels

1998

74.4

21.6

27.0

123

40.8

16.8

57.6

3-2
(person months)

1999

78.0

9.6

24.0

111.6

48.0

30.0

78

2000

78.0

24.0

22.0

124

48.0

24.0

72

2001

81.0

24.0

22.0*

127**

50.4

24.0

74.4***

* Estimated
* * Includes 3 person-months extra assigned overhead
*** Includes 2.4 person months extra assigned overhead

4.0 Sub-Programme A.2 Delivery

4.1 Method of Operation

A major implementation and delivery mechanism of Sub-programme A.2 is achieved through the
operation of a number of International Working Groups (IWGs) and the International Nuclear
Desalination Advisory Group (INDAG). The IWGs and INDAG are standing advisory groups with
members who are nominated by their governments and who are leading representatives of national pro-
grammes. The IWGs and INDAG provide the vehicles for receiving advice, including statements of needs,
that is sustained and consistent throughout the time periods involved in planning and executing the Sub-
programme. Many of the members of the standing advisory groups are from governmental organizations.
Most members of the standing advisory groups serve over long periods of time; all are accountable to their
respective organizations and governments for advice that they give, since, upon their return to their
respective countries, they must take action to ensure that the proposed activities are supported by the
necessary resources in their countries. The support of IWG members in carrying out the recommended
activities is as important as their advice on the activities to be carried out.

Other international organisations, such as the European Commission and the OECD Nuclear
Energy Agency, are also invited to send representatives to the IWG and INDAG meetings to
facilitate co-ordination with their programmes. A large number of Member States and International
Organisations are represented on the IWGs and INDAG; the current participants in the IWGs and
INDAG are listed in Appendix A.



The standing advisory groups (IWG/INDAG) meet periodically, typically, every one to two years, and
provide advice and recommendations on formulating the IAEA's programmes and activities. At the
IWG/INDAG meetings, members review and discuss national development programmes, progress
of activities, key issues, and proposals and plans for future activities. Recommendations are made
for additional activities to be incorporated in the IAEA's programme and budget and for lower
priority programmes to be dropped. Following IAEA approval, the activities are implemented with
the support of the standing advisory groups.

Periodic status reports, frequently in the form of Technical Documents (TECDOCs) are produced that
provide information about the state-of-the-art, recent results achieved and trends in technology
development programmes in Member States. These status reports help Member States considering
implementation of nuclear power programmes, as well as those with existing programmes, to maintain
current awareness of advances in technology development throughout the world. Status reports and other
NPTDS publications are listed in the document "Publications and Activities Summary".

4.2 Sub-Programme Tools

The principal "tools" available for sub-programme delivery include:

• Information exchange meetings such as large Symposia on broad topics, and Technical
Committee Meetings (TCMs) on selected technological developments. Proceedings are
typically published as IAEA TECDOCs,

• Preparation and distribution of Status Reports, typically published as IAEA TECDOCs,
• Coordinated Research Projects (CRPs), which provide a frame for co-operation over 3-5

years. CRPs are co-ordinated through Research Co-ordination Meetings (RCMs) of the Chief
Investigators. The results of CRPs are published typically as IAEA-TECDOCs.

• Consultancies and Advisory Group Meetings (AGMs) can be convened to obtain advice for
the Sub-programme or to prepare IAEA TECDOCs

• Workshops, convened to address specific technical areas and/or provide training in specific
areas,

• Creation and maintenance of technical data bases, which accumulate and organize data on
specific subjects in a manner that can be easily accessed by Member States,

• Provision of computer codes (software) that can be utilized by Member States for training
and related functions,

• Co-operation in non-IAEA meetings which are closely related to IAEA's Nuclear Power
Programme. For selected meetings, the IAEA typically serves on the programme committee,
and sometimes provides funding to be used to increase international participation from
developing countries. Results of Agency activities may also be presented at such meetings.



5.0 Sub-Programme A.2 Performance

The performance/effectiveness of Sub-programme A.2 is measured against the following
performance indicators:

• Contributions in kind from Member States (e.g. participants in activities and meetings whose
cost is covered by their own organization rather than by IAEA),

• Expressions of interest by Member States in participating in co-operative research and
assessment of new applications (e.g. desalination, actinide transmutation),

• The demand for Sub-programme publications, software, and databases by Member States and
the extent of their utilisation by end users.

A synthesis of the performance of Sub-programme A.2 is provided in Part A of the Self-
Assessment Synthesis Report; the performance of each of the Projects is discussed in further detail
in Part В of the report.



Appendix A

Member States and International Organizations Participating in
the International Working Groups and INDAG

(Listed in ascending order of formation date)

Members of the IWG-FR (established in 1967)

Brazil

China

France

Germany

India

Italy

Japan

Kazakhstan

Republic of Korea

The Russian Federation

Switzerland

United Kingdom

United States of America

European Commission

OECD/NEA

Members of the IWG-GCR (established in 1978)

Austria

China

France

Germany

Italy

Indonesia

Japan

Switzerland

The Netherlands

Poland

The Russian Federation

South Africa

United Kingdom

United States of America

European Commission

OECD/NEA

Members of the IWG-LWR (established in 1987)

Argentina

Belgium

China

Czech Republic

Finland

Germany S

India

Italy

Japan

Republic of Korea

Spain

Sweden

Switzerland

United Kingdom

United States of America

European Commission

OECD/NEA



Members of the IWG-HWR (established in 1997)

Argentina

Canada

China

India

Republic of Korea

Pakistan

Romania

The Russian Federation

Members of the INDAG (established in 1997)

Algeria

Argentina

Canada

China

Egypt

France

India

Israel

Japan

Libyan Arab Jamahiriya

Morocco

Republic of Korea

Saudi Arabia

The Russian Federation

Tunisia

United States of America
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Relevant Excerpts from Senior Expert Group (SEG) and PPAS of MP-1

1.0 Excerpts from SEG

Excerpts from the SEG report that are relevant to Sub-programme A.2 are quoted below.

REPORT OF THE SENIOR EXPERT GROUP FOR THE REVIEW OF THE INTERNATIONAL
ATOMIC ENERGY AGENCY'S PROGRAMME OF ACTIVITIES

October 1998

MAIN REPORT

I. THE AGENCY IN THE EARLY TWENTY FIRST CENTURY

...The SEC believes that the value and reputation of the Agency depend on its scientific and
technical competence and credibility.

...the SEG emphasised the importance of the Agency keeping itself at the forefront of nuclear
science and technology, inter alia by assisting in the co-ordination of research and development
programmes among interested member countries and institutions.

3. PROGRAMME BY PROGRAMME EVAL UA TION

In order to make optimum use of the limited time and resources available, the SEG was divided into
four Working Groups, each being responsible for evaluating one programme as well as the cross-
cutting questions posed by the Director General (document SEG/1/6). The reports of each of these
Working Groups are contained in Annex III and should be examined in detail to ensure a
comprehensive understanding of the respective efforts and perspectives.

It should be noted in this context that it is only the main report which contains the results of the
SEG's considerations; as indicated in the forword of the SEG report, the reports by the various SEG
Working Groups contained in Annex III were inputs to those considerations and as such do not have
the same status or consensus nature.

3.1 Nuclear Power and Fuel Cycle

3.1.1 Mission/Strategic Objectives

Nuclear Power

Further development and introduction of advanced power reactors with enhanced safety
characteristics and of emerging nuclear energy systems



3.1.3 Impact

The SEG considers that the impact of this programme can and should be reinforced by clarifying in
a credible way the main factors which determine the role of nuclear energy in sustainable
development strategies. A more focused programme guided by this specific objective, as noted
above and in more detail in the report by the Working Group on Nuclear Power and the Fuel Cycle,
will be necessary

4. INTER-PROGRAMME RELATIONS AND SYNERGIES

...the very close interaction between the nuclear energy and nuclear safety programmes was
particularly noted by the SEG, especially with regard to the task of developing standards. In
general, the SEG is satisfied that these 'internal' synergies are recognised in the Agency, but
emphasises the need for senior management to devote major efforts to ensuring that there is the
maximum cost effective cross-fertilisation among the Agency's programmes.

5. SUMMARY OF RECOMMENDATIONS

6.1 Nuclear Power and Fuel Cycle

1. The primary focus should be to support Member States interested in introducing and
promoting the use of nuclear energy within a globally harmonised safety culture.

6.2 Nuclear, Radiation and Waste Safety

11. Closer co-operation with the Nuclear Power and Fuel Cycle programme should be ensured

ANNEX III Report of Working Group One on Nuclear Power and Fuel Cycle

Al-1.2. Orientation of the Department of Nuclear Energy

...The following five subjects should form the main long-term objectives for the Department of
Nuclear Energy.

Securing and further developing advanced know-how in nuclear technology



Al-2. MID-TERM STRATEGIC OBJECTIVES OF THE DEPARTMENT OF NUCLEAR ENERGY

On the basis of the long term objectives thus determined, it is recommended that the Department of
Nuclear Energy focus its core activities, as defined above, on certain mid-term strategic objectives
which will enable it to attain the five targets. These objectives should be as determined below.

A1-2.L Programme A: Nuclear Power

Further development and introduction of advanced power reactors with inherent safety and
passive mechanisms and of emerging nuclear energy systems, e.g. accelerator driven systems.

Further use of nuclear power in cogeneration and heat applications, including demonstration
of nuclear seawater desalination, provided all necessary safeguards requisites are
implemented

Al-3.2. Analysis and Evaluation of Programmes А, В and С

The results of analysis and evaluation of the programmes, sub-programmes and projects of the
Division of Nuclear Power are summarised in the following sections, which also include the
recommendations by and the conclusions of the Working Group.

It should be noted, however, that the Working Group was not able, nor was it expected, to carry out
an in-depth analysis of the various sub-programmes, and its recommendatios should therefore be
taken as initial guidance.

Programme A: Nuclear Power

A. 2 Nuclear Power Reactor Technology Development

The development of safe and reliable nuclear reactor technology is the most important prerequisite
for promoting the utilization of nuclear energy. Advanced nuclear reactor technologies will help
promote confidence in the developing Member States who intend to proceed with a nuclear energy
programme. Meanwhile, the industrialized Member States who already use nuclear energy will
benefit from the further improvement in safety and reliability.

In this respect, the activities of the Agency in promoting the development of nuclear reactor
associated technologies are considered valuable. For large scale power reactors, most technologies
are being developed primarily by the private sector. The Agency is thus recommended to put more
effort into collecting information on these advanced technologies through close co-operation with
advanced Member States, and to support Member States who need the information. However, in
view of the expected restricted utilization of specific type of reactors such as GCRs and HWRs, the
Agency's activity should remain at a limited level unless strong support is provided by the
interested Member States.

Since nuclear energy is not limited to power generation, the Agency should more actively promote
the utilization of nuclear power for non-electric applications. Good examples are projects A.2.01
(Small and Medium Sized Reactor Development) and A. 2.06 (Cogeneration and Heat Applications).
These areas are not yet strongly occupied by the commercial sector and therefore the Agency's
activities will produce useful outcomes. Furthermore, project A.2.07 (Emerging Nuclear Energy
Systems for Energy Generation and Transmutation) is of special importance and should be carried
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out by the Agency in close co-operation with the Member States actively involved. This topic will
bring growing interest and attention from all Member States.

The comments made on Sub-programme Al apply to the support for technical co-operation
activities in A. 2. The ongoing Moroccan project for nuclear seawater desalination involving
bilateral co-operation with the Agency's support is a good example of a useful project.

Considering the overall comments above, the results of the evaluation of the projects in Sub-
programme A. 2 are as follows:

A.2.01 to be maintained with high priority
A. 2.02 to be maintained with high priority
A.2.03 to be maintained with average priority
A.2.04 to be maintained with low priority
A. 2.05 to be maintained with low priority
A. 2.06 to be maintained with high priority
A. 2.07 to be maintained with high priority
A.2.08 to be maintained with high priority

Important: regarding the above, please see the note given in the second paragraph of
Section 3.



2.0 Excerpts from PPAS of Major Programme 1

Excerpts from the PPAS of Major Programme 1 that are relevant to Sub-programme A.2 are
presented below.

EVALUATION REPORT OF MAJOR PROGRAMME 1;
PPAS Review of Nuclear Power and Fuel Cycle

(Department of Nuclear Energy)
Programme Performance Assessment System (PPAS) May 1999

Background

This report contains the observations of the External Experts Review Group (EERG) review of
Major Programme 1 (Programmes A, B, and C). The EERG integrated the results of previous
reviews including the SEG review....

Findings and Recommendations

2. The EERG endorses the SEG statement that Major Programme 1 is a core programme of the
Agency. Its components A, B, and С are all important. The EERG's ranking of the
programmes by priority is: first B, second A, and third C.

5. The EERG recommends that a review and assessment of existing IWGs, Advisory Groups and
Committees with a view to enhance the role of these bodies, to increase their efficiency, and
to ensure their effectiveness.

7. Interactions and co-operation between projects and programmes within the Agency should be
maximised.

8. The EERG recommends making use ofCRPs whenever appropriate and possible

STRATEGIC OBJECTIVES OF MAJOR PROGRAMME 1

Major Programme 1

The following strategic objective is considered appropriate for Major Programme 1:

"To assist Member States in the peaceful uses of nuclear power, its fuel cycle and associated
radioactive waste management, and to support Member States interested in promoting the
safe and economic use of nuclear power, for a sustainable energy development, particularly
in its developing Member States. "

Keeping in focus the above strategic objective, the EERG agreed that the following are appropriate
strategic objectives for each of the three programmes that are included within Major Programme 1:



Programme Л

"The programme should provide state-of-art guidance and assistance to Member States in
designing and in implementing national nuclear power programmes, promoting
comprehensive management of nuclear power plants for excellence in overall performance,
and it should serve as a forum for exchange of information in all areas of nuclear power plant
technology development and operation ".

GENERAL OBSERVATIONS

Programme Delivery

The EERG agreed that a vitally important role of the Agency is the facilitation of information
exchange, either via meetings or through the process of technical document preparation, review
and distribution. There was full agreement that although meetings are important, all efforts must
be made to ensure maximum efficiency. One means of achieving this is for the Agency to provide
quality papers and working documents for meetings well in advance of the meetings. The EERG
considers that the present means of programme delivery (e.g., technical meetings, technical
documents, co-ordinated research projects, databases, software, and missions) is sufficient and it
considered that there is no pressing need to identify new means of programme delivery.

Small and Medium Power Reactors

3. The EERG recognizes that due to population growth, industrialization and the need for
improving standards of living, the highest demand for energy will be in the developing
countries, which will require reactors with a lower power output than those currently being
deployed in industrialized countries. The EERG agreed that one of the principal aims of
Major Programme I should be to encourage the development of Small and Medium Power
Reactors. The Agency's programmes and activities on SMRs should continue and should be
strengthened, particularly within Programme A.

International Projects

The EERG fully supports those initiatives of Major Programme 1 that involved other Departments
of the Agency (i.e., cross-Agency projects). The EERG strongly encourages the Department of
Nuclear Energy to take a proactive lead in identifying and developing proposals for international
projects that would be under IAEA auspices and that would address important issues for the future
development of nuclear power and fuel cycles. Examples include international waste management
repositories, desalination reactors, innovative power reactors.

Performance Measurement

There is no system in place with provides an indication of the utility of the products or outputs of
Major Programme I. The EERG considered it important to have in place a formalised system
which would provide quantitative measures of the usefulness and impact of the various programme
deliverables.



REVIEW OF PROGRAMMES

Programme A

Sub-Programme A.2

The EERG considers Sub-Programme A. 2 to be a highly relevant component of the Major
Programme 1. This sub-programme contains the core technical competence of the Agency and as
such, the EERG's opinion is that it is of vital strategic importance that this core expertise be
maintained and enhanced.

It was noted that the sub-programme relies upon the advice and guidance of a number of
International Working Groups (IWGs). The EERG firmly supports this. In fact, the strong view of
the EERG is that all IWGs serve a useful role and all have equal priority. As such, the EERG
considers that the project priority assignment made by the Working Group I of the SEG report is
not acceptable. The EERG firmly believes that all IWGs within Sub-programme A.2 serve an
important role, especially in facilitating information exchange. Nevertheless, it was agreed that the
relevance of the various IWGs should be subject to review.

Regarding the structure of Sub-programme A.2, the EERG considers that there may be possibilities
to consolidate certain projects. It was agreed that these possibilities should be explored by the
upcoming PPAS review of Sub-programme A.2. As part of this review, consideration should be
given to the possibility of including and consolidating certain IWGs presently not residing within
Sub-programme A.2 (e.g. IWG on I&C, IWG on Fuel Performance).

The EERG felt that, for presentation purposes, consideration should be given to presenting the sub-
programme in a "matrix" format with technologies along one axis and topics along the other. This
could serve to illustrate the relative contribution of the reactor technologies to the various topics
(e.g. small and medium power reactors, cogeneration and non-electric applications).

SECTION III: MAJOR RECOMMENDATIONS

2. The EERG endorses the SEG statement that Major Programme I is a core programme of the
Agency. Its components A, B, and С are all important. The EERG's ranking of the programmes by

priority is: first B, second A, and third С

5. The EERG recommends that a review and assessment be undertaken of the roles,
achievements and mandates of the 12 existing IWGs, Advisory Groups and Committees with a view

to enhance the role of these bodies, to increase their efficiency, and to ensure their effectiveness.

7. Interactions and co-operation between projects and programmes within the Agency should be
maximised. Explicit reference to linkages should be included in the programmes, sub-
programmes, and projects. The EERG recommends that there is a further need to improve the
co-ordinating mechanism among the projects and programmes.

8. The EERG considers Co-ordinated Research Projects (CRPs) as an effective means to
promote international co-operation and team-building through R&D, to enhance
international exchange of experience and information, and to increase impact. The EERG
recommends making use of CRPs whenever appropriate and possible.



9. The EERG recommends that the Agency establish a systematic mechanism of performance
indicators, including a feedback process, which provides quantitative information on the
usefulness and on the impacts of programme output.
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