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The RFHT reported the out-of-pile testing for He-cooled DEMO blanket with ceramic breeder and in-pile testing of an
ECD (experimental channel device) with pebble-bed breeding zones in the IW-2M reactor.

Conclusions

The shielding blanket design has progressed in the blanket manifolds, attachment system and blanket
module. Further work on the blanket module structure and the FW panel attachment system is required to
prepare the Final Design Report by the end of this year. The blanket R&D is proceeding on schedule without
any significant delay. The EDA blanket R&D tasks will be completed during the EDA period. However, the
schedule of the heat load tests on separable FW panels is very tight, and some tests will be carried out after
the end of the EDA.
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IAEA TECHNICAL COMMITTEE MEETING ON FUSION SAFETY
by Dr. T. Dolan, Head, Physics Section, IAEA

The 7th international Atomic Energy Agency (IAEA) Technical Committee Meeting (TCM) on Fusion Reactor
Safety has been held in Cannes, France, 13-16 June 2000,. The objective of this TCM was to exchange
information on all aspects of fusion safety from present machines to future power plants.

The Technical Committee Meeting purpose was to learn lessons from current installations and studies
important to the future. 35 papers were presented on seven topics.

Most of the papers were either based on ITER or were relevant to ITER. 45 participants from 10 countries
have contributed to the discussions. A brief summary of the presentations within these seven topics is given
below. This article is a condensation of the meeting summary prepared by Session Chairs G. Marbach, W.
Gulden, I. Cook, C. Gordon, S. O'Hira, K. Moshonas, and D. Petti.

SAFETY APPROACH
C. Gordon discussed "Lessons learnt from the ITER safety approach for future fusion facilities", i.e. the need for a fusion
specific approach to safety design guidelines.

D. Petti told about "Future directions in US fusion safety and environmental activities" showing the redirection away from
a program focussed on an energy mission toward a program that is focused on advancing plasma science, fusion
science and fusion technology, as the knowledge base for fusion energy development. US fusion activities have been
broadened to include examination of a greater number of materials and coolants, safety support for a wider range of
magnetic and inertial concepts and modification of safety analysis tools to analyze these different systems.

B. Kolbasov reviewed the "Fusion safety studies in Russia in 1996 - 2000" which were mainly related to ITER.

M. Costa analyzed the "Safety classification of the ITER fusion plasma shutdown system and resulting safety
requirements" by relating them to the INES scale of IAEA.

In his talk on "Selection of DBEs for ITER EDA final design by GEMSAFE methodology" T. Sawada showed how 21
design basis events (DBEs) were derived and classified into three categories considering their occurrence probabilities
and expected scales of their consequences.

The status of the "Development of a national licensing framework for ensuring safety of the fusion experiment facility in
Korea" was reported by M.-J. Lee, emphasizing the successful completion of the first phase, the development of the
conceptual design of KSTAR (Korea Superconducting Tokamak Advanced Research). Actual construction work of the
facility is now underway to commission in 2004 as scheduled.



In his presentation "Safety activities JAERI related to ITER" S. O'hira emphasized that the inherent and high level of
passive safety features implemented in the design of ITER FEAT can lead to realization of reasonable safety
requirements in terms of the ITER safety objectives i.e., plasma is terminated by inherent plasma characteristics without
any active measures, decay heat is low enough to cool only by radiation without cooling systems, fusion power and
plasma energies can be handled within the design loads without extension to accidents, and that the design
requirements of components with very high functional reliability for operation will also cover that for safety.

SAFETY IN NORMAL OPERATION
There were four papers : a general paper on inputting occupational safety considerations to the fusion design process,
with special reference to ITER and three papers on occupational dose assessment for conceptual fusion power stations.

Taking into account also the results from other sections of the meeting, it is clear that, for fusion power stations, design
for occupational safety must be jointly optimised together with other aspects of safety, environmental impact, capital
cost and (especially) availability. This is particularly true in the context of schemes for fast replacement of blankets and
divertors to produce high availability.

COMPUTER CODES FOR FUSION SAFETY
The papers show considerable progress in the area of computer codes for safety analysis over previous TCMs.
Previously efforts were focused on identifying safety issues to be analysed and developing the tools to do the analysis.
Now, as shown in this session, the effort is on refining the models to address specific safety design issues and on
validating a complete set of analysis tools.

There were 6 papers presented related to the modelling of fusion specific phenomena or validation/benchmarking of
these.

"Validation, verification and benchmarking in support of ITER-FEAT safety analyses" by L. Topilski presented the codes
used in ITER-FEAT safety analyses and the status of their validation. In particular the validation of codes against ICE
and EVITA experiments and a benchmarking exercise for water in the vacuum vessel were noted. "Modelling of fusion
phenomena - fusion code benchmark" by P. Sardain reported on an international series of defined benchmark
calculations of 9 codes against each other for ingress of steam/water into a vacuum chamber looking at pressurisation,
critical flows and relief into a pressure suppression tank.
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"Three dimensional calculations on dust mobilisation behaviour in fusion reactors at Loss-of-Coolant Accident" by K.
Takase reported on a detailed calculation of air ingress into a vacuum chamber, dust mobilisation and transport
compared with a simple experimental set up. "Modelling of ice formation and condensation on a cryogenic surface" by
T. Marshall gave predications for the EVITA experiment on water/steam ingress onto a cryogenically cooled surface.
"Fracture mechanics evaluation of a crack generated in SiC/SiC composite first wall" by R. Kurihara examined crack
growth in a possible first wall material for a fusion reactor. The final paper by B. Merrill, "Modifications made to
MELCOR code for analysing lithium fires in fusion reactors" reported on enhancements to access the "fusion safety fluid
property database" and model lithium reactions.

Overall the interplay between design, safety analysis to identify key phenomena, data and parameters, and the
experimental and benchmarking efforts to validate the codes and determine uncertainty was emphasised.

ACCIDENT ANALYSIS
In this session, results of two experimental studies of accidental conditions and two analytical studies of hypothetical
events and assessment for ITER test-blanket were presented. Most of the studies were related to the ITER, but the
others also included useful information to evaluate accidental condition of the ITER. Tungsten volatilization and
hydrogen generation from the brush design have been studied under exposure to steam.

Also results of two-phase flow experiments with an Integrated ICE Test Facility were presented. In the experiments the
fluid flow configurations inside the vacuum vessel at the ICE events were observed visually and pressure transients
were measured quantitatively. Two-phase flow analyses were carried out with the TRAC code and the experimental
results were validated numerically. From this study it was clarified that the ITER pressure suppression system is very
effective to reduce the pressure rise during the ICE events and the thermal-hydraulic characteristics in the ITER can be
predicted numerically.

The possibility of in-vessel hydrogen deflagration and detonation under a hypothetical accidental condition of the ITER-
FEAT was analyzed. The maximum possible adiabatic pressure of deflagrations and momentum of detonation
occurring at any pressure during transient air ingress into the vessel were evaluated for mixtures and clouds of
stoichiometric mixture of hydrogen and air. The results for the ITER-FEAT limit of 5 kg showed a maximum deflagration
pressure below the 2 bar design limit of the vacuum vessel (W) and a detonation momentum which is within
comparable design loads of the W and its support structure, such as for the dropping of a blanket module from the top
of the W to the bottom.

Temperature transient calculations were reported for a hypothetical beyond-design-basis type accident in the European
ITER design concept and the ITER-FEAT design. It has been established that, even when making the most extreme
assumptions, the maximum outboard first-wall temperature of around 100 K occurs at about 1 year after loss of coolant.
Thus, for all cases considered temperatures remain far below melting point for any of the plant structures.

The analysis performed so far has confirmed the expectation of little safety impact from the test modules, except in a
few areas.

TRITIUM SAFETY
There were 4 papers presented in this session. The first two presented experiences at JET. The third discussed the
collection and comparison of components, and the fourth compared the results of tritium release experiment in a
caisson assembly with calculated predictions. The following conclusions were drawn:

Tritium inventory control at JET relied on weekly inventory calculations as the on-line measurements of
tritium transfers were insufficiently precise to ensure inventory control. Differences between inventory control
calculations and measurements were of the order of 10 %.
Analysis of samples collected in the process streams of the JET exhaust detritiation system proved that the
dryers are capable of meeting and exceeding the design detritiation factor (DF) of 1000.
Facility-specific failure rate data between US TSTA and Japan's TPL showed good agreement. The generic
data from mound laboratory and Darlington TRF showed more variability for comparable components.
Establishing a basis for failure rates is important for supporting accident analysis as well as for assessment
of normal operations.

- Tritium release experiments inside TPL/JAERI's caisson assembly for tritium safety (CATS) provided
information to predict tritium behaviour after a tritium leak accident in a ventilated room.

WASTES AND DECOMMISSIONING
A broad spectrum of papers were presented in the area of waste management.

Dr. M. Zucchetti gave an overview of the waste management strategy in Europe based on the SEAFP study. He
reviewed recent results on the amounts of material that could be recycled inside the nuclear industry, recycled outside
the nuclear industry and cleared as non radioactive material. He also reviewed the analysis of risks from fusion specific
repositories and presented the key isotopes that dominate the risk at very long times and discussed recent encouraging
results on detritiation of materials.
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Mr. Klein discussed decommissioning activities at the BR3 site. It is considered a model decommissioning project in
Europe.

Mr. Siller presented results of analysis of human intrusion scenarios for geological disposal of fusion wastes.

Dr. Forrest presented his recent work on SAFEPAQ-ll, a relational database used to assemble, manipulate, store and
retrieve cross section, decay, and nuclear reaction data needed for neutron activation calculations. The database is
quite impressive and is a very efficient, comprehensive and useful tool.

Dr. Taylor reviewed results of calculations he performed on the neutronic aspects of SiC with respect to it safety and
environmental performance. He examined the decay heat, gamma dose rate (important in maintenance and recycling),
biological hazard potential as a measure of the waste hazard, and clearance index as a measure of the ability to clear
ex-vessel components.

Dr. Broden looked at the management of fusion wastes for six potential fusion power plants in the SEAFP study using
current rules for plans. In many of the SEAFP designs, about 30% of the material in the designs can be cleared using
current IAEA recommended clearance limits and 60% can be recycled within the nuclear industry.

Thus, it was clear at this conference that there have been significant advances in the area of fusion waste management
and decommissioning. The world fusion program is moving away from simple characterization of fusion waste to the
development of an integrated strategy for management of fusion waste that emphasizes recycling and clearance.

SOCIO ECONOMIC ASPECTS
Dr. Cook explored the issues of the interface between studies of the safety and environmental characteristics and socio-
economical aspects of fusion energy.

It was stressed in particular that safety and environmental objectives are really a top level priority for future energy as
underlined by the utilities and the fusion energy advantages from this point of view are well documented. Even with a
near term technology, cost of electricity from fusion energy becomes attractive in comparison with other energy sources
if a carbon tax or any other account of environmental consequences is foreseen.

On the same topic Mr Hamacher presented the first results on external costs of future fusion plants obtained in the
framework of the Program Socio Economic Research of Fusion (SERF) which was conducted by European Fusion
institutions under the auspices of EURATOM.
The results bused on the options developed in the former SEAFP (Safety and Environmental Assessment of Fusion
Power) indicate that external costs of fusion do not exceed those of renewable energy sources.

The number and diversity of participants associated with the quality of presentations are the best
demonstration that the issue of safety in fusion is really a topic which is now mature, specific and well
documented.

The best demonstration of this point is the definition of a fusion specific approach in the ITER project. This
methodology is based on a generic methodology for nuclear installations, as defense in depth, but specific,
well documented safety design guidelines have been produced.

In the case of a fusion facility, the main safety function is confinement, and various strategies are suitable
especially with passive safety features as implemented in ITER-FEAT.

In conclusion, it should be emphasized that the safety activities on ITER have led to a great improvement of
fusion safety assessment. Clarification of the safety approach, detailed safety analysis of accidents and
occupational norms are now supported by a major effort of code validations. The lessons from current
installations (JET, tritium labs) are also very important. Power Plant Studies demonstrate safety and
environment advantages of fusion energy providing provisions are met in the design. Therefore, as in the
case of ITER, the way to achieve the safety and environmental advantages of fusion and to facilitate the
development of fusion energy is to follow an integration process between safety, materials selection, and
design.
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