EXECUTIVE SUMMARY

I ntroduction

Accelerator-driven systems (ADS), i.e. a subcritical system driven by an accelerator in order to
sustain a chain reaction, are being considered for their potential use in the transmutation of nuclear
waste. The performance of such hybrid nuclear systems depends to a large extent on the specification
and reliability of high-power accelerators, as well as on the integration of the accelerator with spallation
targets and subcritical systems. Much R&D is till required in order to demonstrate the desired capability
as awhole system.

A series of workshops on “Utilisation and Reliability of High Power Proton Accelerators’ is thus
organised by the Nuclear Science Committee of the OECD Nuclear Energy Agency (NEA). The first
meeting in this serieswas held in Mito, Japan on 13-15 October 1998, and the second and third meetings
followed in Aix-en-Provence, France on 22-24 November 1999 and in Santa Fe, New Mexico, USA
on 12-16 May 2002, respectively. Accelerator scientists and reactor physicists gathered at the NEA

workshops to discuss issues of common interest and to present the most recent achievements in their
research.

The present workshop (fourth in the series) took place in Dagjeon, Republic of Korea on
16-19 May 2004 and was hosted by the Korea Atomic Energy Research Institute (KAERI).
Topics covered by the workshop

The workshop began with a general session involving 15 invited papers covering large national/
international accelerator programmes and ADS applications. Thirty-eight (38) contributed papers were
presented during five technical sessions and three working group discussion sessions were organised.
Topics covered by the five technical sessions included:

o accelerator reliability;

e target, window and coolant technology;

e subcritical system design and ADS simulations;

o safety and control of ADS;

e ADS experiments and test facilities.
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The three working group discussions covered the following topics:
e accelerators,
e subcritical systems and interface engineering;

o safety and control of ADS.

Summary of the technical sessions
Accelerator reliability

Eleven (11) papers were contributed covering issues on ADS accelerator system designs,
subcomponent operation, beam dynamics aspects and SNS commissioning. Regarding the ADS
accelerator designs, three out of four designs (European PDS-XADS, Japanese and US SC accelerators,
FFAG at Kyoto University) presented at the meeting were based on a superconducting linac solution.
As for subcomponent operation, high availability of proton sources, RFQs, PSI beam line operation
experimental results and test results with spoke cavities were presented. Aspects of fault tolerance in
RF and magnets were discussed. Furthermore, it was reported that analytical and numerical methods
can be used to assess sengitivity to fabrication tolerances in such devices as RFQ or periodic beam lines.

Target, window and coolant technology

Nine papers were presented. Recent results were obtained from LBE corrosion loops in Japan and
Korea. In the windowless target designs, experimental results of vacuum gas dynamics investigations
in the TRASCO programme and those of the vacuum interface compatibility experiment in the
MY RRHA programme were reported. Concerning target and beam window designs, the performance
of a dual injection tube introduced in KAERI's HY PER target and results of the target and window
design study for JAERI’s ADS were presented. Two papers from China and Japan were presented on
calculation methodol ogies for spallation isotope yield predictions. Finaly, CFD analysis results for an
XADS target were reported for both steady state and transient cases from FZK.

Subcritical system design and ADS simulations

Six papers were presented covering research/demo facility designs, conceptual design of a
full-scale transmuter, ADS component design and benchmark results on beam trips. Core and/or
component design studies from the Kyoto University Critical Assembly (KUCA), the TRADE
experiment, the MYRRHA programme, a Cascade Subcritical Molten Salt Reactor (CSMSR) were
reported showing a visible convergence for Pb-Bi systems but with alarge variety of core designs, fuel
options and fuel cycle. Calculation results from the second phase of the NEA ADS beam trip benchmark
were presented. These benchmark results included a sensitivity analysis on the main parameters.

Safety and control of ADS

Seven papers were presented. Two papers — very design specific —were presented describing the
WP2 results of the PDS-XADS project. The two 80 XADS designs were covered, with the conclusion
that a Pb-Bi reactor ADS has significant safety characteristics, particularly if it has a low Ap and
ahigh natural circulation flow rate and if a gas-cooled system has a short period for beam shutoff. Any
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pump-driven system will lie between these two. A paper reported that the new Pb-Bi loop can provide
neutral circulation, etc., which is useful only for a Pb-Bi system. An interesting paper presented a
proposal for dynamic control of an ADS by linking. The use of void boxes with mini cycles was
discussed in order to control reactivity swings as well as plans to examine burnable poisons. Finally,
a paper compared PDS-ADS Pb-Bi 80 MW and the reactor design considered as part of the EU
FUTURE project.

ADS experiments and test facilities

Five papers were presented. JAERI reported the current status of the Transmutation Experimental
Facility (TEF) within the framework of J-PARC (Japan Proton Accelerator Research Complex). The
TEF consists of TEF-P (transmutation physics experiments with MA nitride fuel) and TEF-T (materia
irradiation tests). The Czech Republic presented the project SPHINX (spent hot fuel incineration by
neutron flux), which is based on a subcritical system with liquid molten fluoride fuel. KAERI presented
the HYPER system preliminary design features and the performance analysis for the DUPIC fuel
cycle. Numerical comparisons between neutronic characteristics of MUSE4 configurations and
XADS-type models with different coolants (Na, Pb/Bi, gas) were reported by PSl. Finally, KAERI
presented a paper on the Pb bonding reaction between fuel and cladding, which includes the fabrication
process and athermal stability study on U-Zr fuel.

Summary of the working group discussion sessions
Accelerators

Discussions were held on several topics such as availability, reliability, high intensity and
efficiency, etc. After having worked out solutions to some of the key questions (such as What
accelerator type is “best”? — Try SC linac; What are the costs? — First estimates available for
prototype machines; What is the energy consumption? — Expected energy efficiency is a maximum of
~50%), there are till a few remaining open questions and trying to answer them at present would
merely be guesswork. Questions such as When will what accelerator be fully operational? and When
will thetrip rate reach the desired value? are still waiting to be answered in the future. The prototypes
now under construction will help us in providing answers to these questions and many smaller issues.
Details on the discussions can be found in the summary of working group discussion sessions at the end
of these proceedings.

Subcritical systems and interface engineering

To understand better the current situation and to identify future R&D needs, six questions were
raised: (1) therole of P&T vs. deep geological repository; (2) the role of ADS — only for atransitional
period between the present LWRS and the future fast reactor-dominated situation; (3) international
co-operation for ADS deployment; (4) window or windowless target — which is the best solution; (5) is
there a need for a windowless MEGAPIE experiment; (6) what are the consequences of a window
break. Various reactions to each question were discussed and the details can be found in the summary
of working group discussion sessions at the end of these proceedings.
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Safety and control of ADS

Discussions were held on safety activities, safety guidelines for core melt and design basis
accidents, and ADS reactivity control (shutdown, burn-up control). Details on the discussions can be
found in the summary of working group discussion sessions at the end of these proceedings. In addition,
the working group proposed to the OECD/NEA Nuclear Science Committee a safety-related benchmark
as afollow-up activity to the ongoing beam trip benchmarks. The proposed benchmark would consider
800 MW transmuters with Pb-Bi coolant and MA load fuel for both BOC and EOC.

Next workshop

A follow-up workshop has been planned for spring 2006 in Belgium.
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