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TECHNICAL MEETING ON MATERIALS FOR IN-VESSEL COMPONENTS OF ITER
by Drs. G.Kalinin and V.Barabash, ITER JCT, Garching Joint Work Site

The detailed information on the selection of materials, their properties, the effect of components
manufacturing cycle and the environmental effect on materials behaviour has been described in the Material
Assessment Report (MAR) and in the ITER Materials Properties Handbook (MPH). The selection of
materials was discussed in detail with the Home Teams (HTs) during the materials workshop held in
December 1997 (see ITER Newsletter, vol.7, No.5, May 1998). Modification of the ITER design to reduce
cost, provisionally named ITER-FEAT, resulted in changes of the design of components and, in some cases,
of the operation conditions for materials. The new R&D program includes further detailed studies of materials
properties and includes all critical issues needed for design development.

These issues were discussed during the technical meeting “Materials for In-Vessel Components” held at the
ITER Garching JWS from 31% January to 4" February. The main objectives of the meeting were:
° To summarize the current requirements and selection of materials for ITER-FEAT:;
e to review the new data which have been generated during the last two years and which
have not been included in the MAR (version of mid-1998) and in the MPH,;
e to discuss in detail the R&D program and urgent tasks with the HTs and to discuss task-
sharing and co-operation among the HTSs;
e to discuss the MAR and to determine required modifications for the new ITER conditions.

A summary of the current requirements, features of the new designs of the ITER vacuum vessel, blanket, first
wall and divertor, and selection of materials for the ITER-FEAT, was presented by the JCT. It was pointed out
that most of the materials remain the same as in the previous design. There are some changes in working
conditions (e.g. inlet water temperature, total number of cycles, reduction of the pulse length, etc), and these
changes should be taken into account for the specifications of the new R&D tasks.

Each Home Team presented its general strategy of materials development and investigations for ITER:

EU HT work is focused on a number of areas:

Irradiation effects of materials for the flexible attachment and bolts;

qualification of copper alloys and joints in the irradiated condition;

development of Be/Cu alloy brazing and HIPing techniques and Be plasma spray;

first wall mock-up manufacture and thermal testing;

full scale insulating coating development;

thick section re-welding of irradiated stainless steel;

qualification of W, CFC, W/Cu and CFC/CU joints, manufacture and thermal testing of mock-ups.

JA HT activity is mainly focused on the following:
e [Irradiation testing of materials for the flexible attachment, bolts and electrical insulators;
e development of a welding/bonding technique between different materials (friction welding, HIP,
casting, etc.);
° development of magnetic sensors;
e studies of armour (Be, CFC, W) and armour/heat sink materials joining technologies
development;



e  evaluation of re-weldability of irradiated materials;
. irradiation-assisted stress corrosion crack test and crevice effect;
e  plasma-wall interaction.

In the RF HT the materials R&D tasks are given first priority. The work is focused on the following:

Irradiation effects on the materials proposed for ITER, DEMO and neutron sources;

development and investigation of advanced materials (V alloys, Li environmental effect, etc.).
development of database on fusion reactor materials;

development of methods for the lifetime assessment of high heat flux components and for the
modelling of materials behaviour under fusion reactor conditions.

The main ITER Tasks in RF are:

Effects of irradiation on steel subjected to the manufacturing cycle (HIP, anneal, etc.);
qualification of copper alloys and their joints in the irradiated condition;

irradiation effects on materials used for flexible attachment of the modules;

qualification of Be, W, Be/Cu and W/Cu joints, and manufacture and thermal testing of mock-ups.

The new results from the Home Team EDA extension tasks were presented at the meeting. A wide range of
the materials studied was presented: on stainless steel, Cu alloys, Ti alloys, Inconel, Be, W, CFC and
ceramics. For each material the key issues related to application in ITER were presented and discussed
during the meeting. These are mainly activities quoted in the R&D Tasks.

Special sessions were devoted to the updating of ITER documents, in particular the MAR, MPH and the
Appendix A to the Structural Design Criteria, where qualified material properties and design allowables
should be described. A detailed procedure and schedule for updating the MAR and the appendix to the ISDC
was discussed during the meeting.

Comments and proposals for modification of the MAR were suggested by the HTs. The main
recommendations were the following:
e to update paragraphs on the working conditions of materials taking into account the modified
ITER design;
e to give a more extended description of the effect of manufacturing cycle on the properties
(including irradiation effect) of CuCrZr alloy;
e available properties of different grades CuAl25 could be combined to provide a more valuable
statistical database for the specification of design allowables;
e to modify the paragraph on Ti alloys;
e to add additional information on properties of Be, W and CFC.

It was pointed out that the available database on the effect of the HIP thermal cycle on SS is not sufficient for
licensing, which includes structural design standards/guidelines.

There was a proposal to update information in the MPH and to prepare a revision ready for publication.

Future plans and co-operation between HTs were discussed. In some areas only joint and co-ordinated
activities of HTs could give the needed results (e.g. HHF testing of neutron irradiated mock-ups, tests of
CuAl25 alloys, etc.). In the nearest future the main activities in HTs have to be concentrated on tasks which
are included in Task Agreements. The results of the on-going tasks could be included in the ITER-FEAT final
design report (deadline June 2001).

MEETING PARTICIPANTS
(*Part time participation)

EU HT: H. Burlet, R. Chaouadi, P. Lorenzetto, P. Marmy, M. Merola, A.Peacock, M. Roedig*,
F. Saint-Antonin*, B. Singh, S. Taehtinen, M. de Vries*

JA HT: M.Akiba, A.Kohyama, M. Nakamichi, N. Noda, S. Sato, H. Yamada

RF HT: V. Chernov, S. Fabritsiev, A.Gervash, A.lvanov, A.Makhankov, |. Mazul, B. Rodchenkov,
L. Zavyalskiy

JCT: V.Barabash, J.Dietz, H.lida*, K.loki*, C.Ibbott*, G.Kalinin, V.Khripunov*, M.Onozuka*, J.Raeder,
R.Tivey*



ITER TECHNICAL MEETING ON NUCLEAR ANALYSIS
by Dr V. Khripunov, ITER Joint Central Team, Garching

The comprehensive nuclear analysis of the ITER-FEAT machine is a very important part of the overall ITER
activity of this year.

The reduction of the ITER-FEAT dimensions, when compared with the 1998 ITER design, has brought new
technical challenges in fitting in all required shielding, along with the need to reduce technical margins.

A preliminary analysis of ITER-FEAT has been performed by the Joint Central Team and the machine
appears to meet the main nuclear shielding requirements. However, a more elaborate analysis needs to be
carried out in order to achieve the required modelling accuracy. Therefore good co-ordination is important,
especially during the short time when design development and optimization are progressing simultaneously.
For this reason the special technical meeting “Nuclear Analysis for the Final Design Report” was organized
on 24-25 February 2000 at ITER Garching JWS so as to combine and specify the efforts of the Joint Central
Team and Home Teams.

It was confirmed at the meeting that only recommended and well known code systems and cross section
libraries are to be used for the nuclear analyses of ITER-FEAT. Among them there are the well known
MCNP system for neutron and photon transport calculations by Monte Carlo method, the FISPACT
radionuclide inventory code system and the FENDL nuclear data library. Their use will enable reliable and
consistent results to be calculated by different Parties.

The complex geometry of a tokamak-reactor continues to be a major factor in nuclear shielding performance
modelling. A basic 3-D model of the ITER-FEAT machine is under development by the JCT and HTs. To
avoid any overlap in their joint activity, it was decided at the technical meeting that the modelling will be
shared between the Parties: the key structure elements of the machine such as the first wall and shielding
blanket will be modelled by the JA HT, the divertor by the EU HT, the vacuum vessel, heating and diagnostic
systems by the JCT. The model of the superconducting magnets and other cryogenic systems inside the
cryostat and the biological shield will be developed by the RF HT, which plans to calculate nuclear heating of
the magnets during operation, and external radiation fields after reactor shutdown.

In accordance with these plans the JCT will provide other developers with up-dated design information
required for the 3-D modelling. Simultaneously, the JCT will control and merge different parts of the model in
a self consistent way. After compiling, the model will be transferred to the parties for shared use. Further
detailed modelling of the different systems in the ports and outside the vacuum vessel will be carried out by
the parties in accordance with the specific objectives of their task agreements.

A new problem of accurate residual gamma-ray transport calculations in optically thick and geometrically
complicated systems has been identified. The problem is accentuated by the strong requirement for
personnel access to some important components around the ITER torus to carry out hands-on maintenance
where remote controlled robotic maintenance is not desirable.

It was shown that the requirement to limit the allowable equivalent dose rate level after shutdown is more
severe, in terms of radiation shield thickness, than, for example, the requirement to minimize the nuclear heat
deposition in superconducting magnets.

The conversion factor methodology used in these residual dose calculations was accompanied by the
uncertainty caused by the complex ITER geometry. This uncertainty in the dose rate prediction caused
overshielding to guarantee occupational safety during hands-on maintenance.

For this reason two approaches to resolve this problem were discussed extensively at the meeting. A
method developed by the EU HT as a first step requires calculations of neutron spectra in many important
spatial segments of a 3-D systems. Then, based on these spectra, activation inventory calculations need to
be performed in each segment. They provide a decay gamma-ray source distribution giving the residual
afterheat distributions and local dose rates. A similar methodology, using sequential neutron-activation-
residual gamma-ray transport calculations by Monte Carlo method, is under development by the RF HT.

To realize either procedure an interface is required to link prompt neutron and residual photon transport
codes. Such an interface is partially available. Preliminary tests of these procedures presented at the



meeting show a weak dependence of the average dose rate level in the in-cryostat space of ITER on the
details of the neutron spectrum during irradiation.

A novel approach to the problem has recently been proposed by the JCT. The idea is to conduct the full
neutron transport calculations, the activation and the residual gamma-ray transport calculations by Monte
Carlo method in the same run and using a single 3-D model of a system. It is based on the fact that only a
few of the radionuclides produced in single step isotope formation dominate in the irradiated ITER materials
in all periods after shutdown. It was reported that in such a case a simple dose correction algorithm can be
used for a pulsed operation scenario.

The new method also requires a modest change of the MCNP-code system and the nuclear data library,
replacing the prompt gamma spectrum with the decay gamma spectrum. The main part of the work is
already done and the first careful benchmarking confirms the accuracy of the results.

From the discussion, it was confirmed that both suggested approaches including intermediate or direct
residual gamma-source calculations can be implemented in parallel for current purposes and can be
harmonised finally.

Further benchmarking can be done on the basis of the neutronics experiments in the frame of the task
“Experimental Validation of Shutdown Dose Rate” planned at the Fusion Neutron Generator in ENEA,
Frascati. The experimental set up, irradiation conditions and measurement techniques required for a precise
analysis and calculations were discussed at the meeting.

Calculated streaming effects in gaps and ducts will be checked also in the results of experiments on the
Fusion Neutronics Source at the Japan Atomic Energy Research Institute. Two different configurations are to
be used for streaming neutron spectrum measurements and for the direct shutdown dose rate
measurements.

Intensive methodological, calculation and experimental work and benchmark activity discussed at the
meeting will allow completion of detailed design analysis. The results of this activity will be summarized in the
nuclear analyses report. There it will be demonstrated that the basic ITER-FEAT design will meet the specific
design and regulatory requirements. In particular, it was mentioned at the meeting that items indispensable to
the licence requirements in Japan for radiation shield design will be welcomed in the nuclear analysis report.
These include radiation shield dimensions and composition, dose rate criteria, justification of the
methodology, codes, models and cross section libraries used for nuclear analysis. In this context, the
meeting was very useful in co-ordinating the nuclear analyses report preparation.

It was clear from the meeting that continuous nuclear analysis is a fundamental part of the design process.
Specialists in neutronics not only check the current nuclear shielding performance but are actively involved in
the design development. They recommend concrete technical solutions relating to the radiation shield
dimensions, structure and material composition, and optimal system locations. The recent incorporation of
nuclear analysis problems into the list of ITER Design Integration Unit responsibilities reflects this fact.
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