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Figure I11.6.3-3(a) shows typical autoradiograph of
cross-section of iron metal under the exposure time of
16 days. White line, which is across the middle of
Fig.111.6.3-3(a), corresponds to grain boundary of iron
metal. White small spots, which can be seen everywhere,
corresponds to Ag grain whose diameter is 0.1 pm, and
it shows the location of tritium. There is no concentrated
spot or area of Ag grains, so tritium is distributed
homogeneously in pure iron metal. Figure I11.6.3-3(b)
shows the typical autoradiograph of surface of oxide at
the water-oxide interface under the exposure time of 100
days. In this photograph, the octahedron corresponds to
iron oxide and it’s had been identified the magnetite
with XPS analysis. No Ag grain can be observed in this
photograph, even the exposure time for oxide surface
was much longer than that for iron metal. This result
indicated that the oxide contained very low
concentration of tritium. From the comparison with the
permeation experiment, it was suggested that tritium
would mainly diffuse other path except the oxide lattice

[6.3-3].
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Fig.I11.6.3-3 Typical autoradiograph: (a) cross-section of iron

metal, (b) surface of iron oxide (magnetite).

In order to establish the effective surface

decontamination methods for the ITER construction
materials, so-called ‘soaking’ effect is important, and
more systematic data of tritium sorption and desorption
for various materials are required under actually
considerable conditions. This effect is based on sorption
of tritiated water on the materials and subsequent
desorption from them. In 2007, the decontamination
experiment was carried out as a function of water vapor
concentration in the purge gas (N,) for the organic
materials [6.3-4]. When several hundreds ppm of water
vapor was added in the chamber after the desorption by
purge gas of N, for 5-6 hrs, 30-70 % of the tritium
sorbed on the materials was quickly removed by the
isotope exchange reaction between the water vapor and
the tritium sorbed on the materials. It became clear from
this result that it was effective to add water vapor to
purging gas for the tritium removal on the surface of the
organic materials.

In order to accumulate the data for the tritium safe
handling system, various experiments were also
performed using Caisson Assembly for the Tritium
Safety study (CATS) and the other Glove Box under the
collaboration with some Japanese universities. Main
subjects are follows;

1) Interaction between the various materials and tritium
(Kyushu Univ., Shizuoka Univ. and Toyama Univ.),
tritium monitor that
separated HT/HTO/tritiated hydrocarbons (NIFS,

Nagoya Univ. and Niigata Univ.),

2) Development of low-level

3) Tritium behavior in the room (Kyushu Univ.).
Particularly, in the collaboration study with NIFS,
Nagoya Univ. and Niigata Univ., the monitor system
which was able to measure the low level tritium of each
chemical species in the exhaust gas was developed
[6.3-5]. The system was composed of a water vapor
condenser, a fiber membrane module and ion chambers.
The HT/HTO/tritiated hydrocarbons were separated in
this system by using tritium.

References

6.3-1 Iwai, Y., et al, “Experimental Durability Studies of
Electrolysis Cell Materials for Water Detritiation
System,” to be published to Fusion Eng. Des.

6.3-2 Hayashi, T., et al., “Safe Handling of a Tritium Storage
Bed,” to be published to Fusion Eng. Des.

6.3-3 Isobe, K., ef al., “Observation of tritium distribution in

iron oxide with tritium micro autoradiography,” to be



JAEA-Review 2008-061

published to Fusion Sci. Technol.

6.3-4 Kobayashi, K., et al, Fusion Sci. Technol., 52, 696
(2007).

6.3-5 Sakuma, Y., et al.,, "Development of a low-level tritium

monitor," to be published in Fusion Sci. Technol.

6.4 Successful Operation Results of Tritium Safety

Systems in TPL
The safety system of the TPL consists of the Glove Box
Gas Purification System (GPS), the Air Cleanup System
(ACS), the Effluent Tritium Removal System (ERS) and
the Dryer Regeneration System (DRS). The GPS was
operated for about 7,900 hours by controlling tritium
concentration in the glove boxes. The ACS was operated
for cleaning 66,400 m’ of air during the experiments of
Caisson Assembly and maintenance of the glove boxes,
experimental apparatus and other tritium operations. The
ERS removed about 10 TBq of tritium mainly out of the
exhaust gas from the experimental apparatus. The DRS
removed 176 liters of tritiated water (41 TBq) from the
GPS and ACS dryers.

The tritium safety system of TPL has been in
service to support operations with use of tritium since
1988. Some maintenance works such as the periodical
inspection or the replacement of superannuated
equipment have been carried out in 2007. Figure
111.6.4-1 shows monthly environmental tritium release
from the stack of TPL during this fiscal year. Total
amount of released tritium was 57 GB, which is
sufficiently lower than the target value at TPL.
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Fig.Ill.6.4-1 Monthly environmental tritium release at

FY2007. Total amount of released tritium was 57GB,

which is sufficiently lower than the target value at TPL.

7. Fusion Neutronics

7.1 Blanket Neutronics Experiments

7.1.1 Analyses of Blanket Neutronics Experiments

So far a series of neutronics experiments has been
performed at FNS with partial mockups relevant to
Japanese solid breeder water cooled TBM; (1) beryllium
and enriched Li,TiO; breeder mockup experiments with
and without a reflector of SS316 [7.1-1], (2) Li,O pebble
bed mockup experiment [7.1-2], (3) mockup experiment
with water panels [7.1-2]. Detailed distributions of
tritium production rates (TPRs) were measured in the
blanket mockups in the previous studies.

In the present study, these experiments have been
analyzed using Monte Carlo code MCNP-4C with the
latest nuclear data libraries FENDL-2.1 JENDL-3.3,
ENDF-BVII.0 and JEFF-3.1 to evaluate prediction
accuracy of the TPR [7.1-3].

Figure 111.7.1-1 shows the ratio of the calculation
result to the experimental one (C/E) in the first layer of
the mockup with water panel. Most of the calculation
results agree well with the experimental ones within the
experimental error of 7 %. Calculation results of the
tritium productions integrated over the diagnostic pellets
in each layer agree well with the experimental ones
within 5 % in all libraries, and prediction accuracy can
fully satisfy design target of 10 %.

In the experiment with the neutron reflector of
SS316, the

experimental ones by more than 10 %. This suggests

calculation results overestimate the
that there are some problems on the back-scattering
cross section data of nuclei included in SS316. In the
pebble bed mockup, the calculation results of local TPR
around the boundary between the rear part of the breeder
layer and beryllium layers also overestimate the
experimental ones by more than 10 %. This also
suggests that angular distributions to rear directions in
the nuclear data libraries have some problems on the
beryllium.

We tentatively reduced the differential cross section
of the elastic scattering for backward directions in **Fe
and *Be of FENDL-2.1 and investigated its effect [7.1-4]'.
The angular distributions in the backward direction for
the elastic scattering were reduced by 20 % respect to
the original data. A slight improvement (about 3 %) of
the C/E ratio was found in the experiment with the
neutron reflector of SS316 when the above cross section

variation of *°Fe was applied to incoming neutrons from
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0.5 MeV up to 15 MeV. The overestimation of the local
TPR around the boundary between the rear part of the
breeder layer and beryllium layers was lowered by 5 %
in the pebble bed mockup, when the above cross section
variation of *Be is applied to incoming neutrons from
0.62 MeV up to 15 MeV. But underestimation was also
found at the front part of the breeder layer. We will
investigate effects of angular distributions of reactions
other than the elastic scattering, e.g. inelastic scattering
and (n,2n) reactions.
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Fig. I11.7.1-1 Ratio of calculation result to experimental one
for local TPR in the first layer of the mockup with water
panel.

7.1.2  Neutron Measurement for ITER-TBM

The test Blanket Module (TBM) of water cooling solid
breeding type is planned to be set up into ITER
equatorial port plug to test the nuclear performance
(tritium  production, nuclear heating and shielding
property) and other engineering performances of the
TBM. Neutron field measurement in the ITER-TBM is a
key issue for the TBM test. Because the TBM will be
high-temperature, neutron measurement systems should
remain unaffected by high temperature. Thus we have
proposed the multi-foil activation method as the neutron
measurement system in the ITER-TBM.

We have investigated availability of the multi-foil
activation method in a DT neutron experiment with a
beryllium assembly to simulate the inside of the TBM.
Figure I11.7.1-2 shows the experimental arrangement of
multi-foils activation method. Al, Ni, Zr, Nb and In foils
have been used to measure neutron above 1MeV and Au
foil has been used to measure slow neutron flux. The
foils were inserted at the points of 0, 50.8, 101.6 and
152.4 mm in depth of the beryllium assembly and
irradiated with DT neutrons. After adequate cooling, we
measured gamma-rays from radioactive nuclei generated
by  TAl(n,0)**Na,  “®*Ti(n,p)*Sc,  **Ni(n,p)**Co,

*Zr(n,2n)*Zr, “Nb(n,2n)””"Nb  "In(n,n’)'"*"In and
"7 Au(n,y)'**Au reactions with a germanium detector and

each reaction rates were deduced.

Beryllium assembly |
(9620 x 458 mm®)

Fig II1.7.1-2 Experimental arrangement.

The neutron flux was deduced from the measured
reaction rates and an initial guess neutron flux with the
SAND-II code. The initial guess neutron flux was
calculated with the Monte Carlo calculation code
MCNP4C and the nuclear data library FENDL-2.1.
JENDL Dosimetry file 99 was used as the response
function of the reaction rates.

Figure 111.7.1-3 shows the obtained neutron flux at
152.4-mm depth in the beryllium assembly. From our
evaluation, it was shown that the multi-foil activation
method was a promising method to measure the neutron
field in the ITER-TBM.
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Fig I11.7.1-3 Estimated neutron flux at 152.4-mm depth in
the beryllium assembly.
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7.2 Basic Study on Fusion Neutronics
7.2.1 Development of CAD/MCNP Conversion System
An automatic conversion system from CAD drawing
data to MCNP input data is under developing. In this
fiscal year, the function of this system has been greatly
improved as follows.
(1) In order to convert the CAD data to MCNP input
data, partial shape splitting was required for very
complicated components such as a divertor in the
previous conversion system. In the present system, the
MCNP input data can be automatically created without
the partial shape splitting.
(2) A large number of microscopic geometrical errors
can be removed by increasing the significant digits of
the conversion system.
(3) Limitation on numbers of material data for CAD data
is eliminated.

Using this system, the CAD data of the ITER 40
degree benchmark model were successfully converted to
MCNP input data.

7.2.2 Modification of MCNP Program for Eliminating
Unstable Answers in Cases with Hard Biasing
Technique [7.2-1]

Some of MCNP users have been expressing that they

had MCNP

calculations, in which different answers were provided

have inconvenient experiences in
depending on applied weight window values. Such
inconvenient case was also encountered in the analysis
of the benchmark problem for ITER CAD/MCNP
conversion system development. The biasing method,
including weight window, can enhance calculation speed,
but it should not give different answers depending on the
strength of bias. Mechanism to cause unstable results in
MCNP calculations is clarified in the case of ITER
CAD/MCNP benchmark problem. It is caused by the
combination of the following two facts;

(1) Algorism of ‘lost particle’ handling in MCNP
program is curious and unreasonable. When one of
particles in a history gets lost, MCNP cancels all tallies
calculated during the history and all banked particles are
thrown away.

(2) When input data have distributed micro geometry

errors, important histories, which give significant
contribution to results, have many splitting and have
‘lost particles’ with higher probability in the case of hard
biasing.

These two facts lead to selective canceling of
important histories and give significantly underestimated
results. MCNP has been modified to eliminate this
inconvenience, by correcting the algorism of subroutine
“hstory”. The modification has been made successfully
not to cancel all tallies of the history but to neglect only
‘lost particle’. It is confirmed by test calculations that
the modification eliminated the large underestimation,
giving the same answer independently from applied

weight window values.

7.2.3 Analyses of Fusion Benchmark Experiments at
FNS with Recent Nuclear Data Libraries [7.2-2]

Recently several nuclear data libraries, JENDL-3.3,
FENDL-2.1, JEFF-3.1 and ENDF/B-VIIL.0, were newly
released. It is essential to verify these libraries through
analyses of integral benchmark experiments. Many
integral benchmark experiments for nuclear data
verification have been carried out at FNS. Thus we
analyzed these experiments with the MCNP4C code
and these nuclear data libraries (JENDL-3.3,
FENDL-2.1, JEFF-3.1 and ENDF/B-VILO0) in order to
compare calculation results with these libraries and to
shed light on problems in these libraries.

The following typical results for iron, SS316,
copper, beryllium and lithium oxide are obtained.
1) Iron : Figure 111.7.2-1 shows the ratio of calculated
neuron flux from 0.1 keV to 1 keV to measured one.
ENDF/B-VIL.0, JEFF-3.1 and FENDL-2.1 are good,
while JENDL-3.3 is not good.
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Fig. I11.7.2-1 Ratio of calculation to experiment on neutron
flux from 0.1 keV to I keV.

2) SS316 : All the libraries for nuclei included in
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SS316 seem to be good except for molybdenum, which
may have some problems for low energy neutrons.

3) Copper : All the libraries are not good, particularly
for low energy neutrons.

: JEFF-3.1 is slightly better. All the

libraries cause overestimation of low energy neutrons.

4) Beryllium
5) Lithium oxide : All the libraries are good.

7.2.4 Problem on Unresolved Resonance Data in Recent
Nuclear Data Libraries [7.2-3]
At the international conference on nuclear data for
science and technology held in 2001, we pointed out that
the leakage neutron spectrum from a niobium sphere of
0.5 m in radius with a 20 MeV neutron in the center,
which was calculated with ANISN, MCNP4C and
JENDL-3.3, had a large strange bump around 100 keV
as shown in Fig. I11.7.2-2, which was considered to be
originated from self-shielding correction for the

unresolved resonance data.
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Fig. 1I1.7.2-2 Calculated leakage neutron spectra from a
niobium sphere of 0.5 m in radius with a 20 MeV neutron
in the center by using ANISN.

As a result of the detail investigation, it is found out
that the self-shielding correction for the unresolved
resonances is too large around the upper boundary
energy of the unresolved resonance region in “°Nb of
JENDL-3.3. It is confirmed that this issue can be solved
by increasing the upper boundary energy of the
unresolved resonance region from 100 keV to 600 keV.
More than half of nuclei with unresolved resonance data
in JENDL-3.3 and ENDF/B-VII.0 have the same issue.
It is noted that probably other nuclear data libraries such
as JEFF-3.1 also have the same problem for unresolved
resonance data. In evaluation for unresolved resonance
data, the upper boundary energy of the unresolved
resonance region should be set to be high enough by

considering self-shielding correction.

7.2.5 Attila  Validation with  Fusion Benchmark
Experiments at FNS [7.2-4]

The three-dimensional Sn code Attila of Transpire, Inc.
can use CAD data as a geometrical input directly and
deal with assemblies of complicated geometry without
much effort. The ITER organization has a plan to adopt
this code as one of the standard codes for nuclear
analyses. However validation of calculations with this
code is not carried out in detail so far.

In order to assess the Attila code in fusion neutronics
field, we carried out Attila analyses of fusion neutronics
experiments at FNS and compared them with DOORS
(DORT and TORT) and MCNP analyses and measured
data.

As for the bulk experiments on iron and SiC,
agreement between Attila and DORT or TORT
calculations was excellent. Multigroup libraries with
adequate background cross section should be also used
for Attila. In the ITER streaming experiment as
described in IV.3.10, last collided source calculation
with forward bias is essential for Attila.

Through the Attila analyses, it is also found out that
Attila is very attractive but Attila requires much more
calculation time than DOORS.
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7.3 Operation of the FNS Facility
The operation of the Fusion Neutronics Source (FNS)
has been carried out to execute a variety of experiments
with  JAEA

universities, responding to various requests for operation

under collaboration and domestic
pattern. The total operation time was 353 hours in this
fiscal year. In these experiments, fixed tritium and

deuterium targets were changed several times for the
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various experiments at the target room I. Rotating
tritium targets were also changed for material irradiation
experiments and neutron instrument developments using
the pencil neutron beam at the target room II.

A total amount of 2.02 TBq tritium in vacuum
exhaust gas was processed with the Tritium Adsorption
Processor (TAP) system. The oil-free vacuum pumps
and CRYO pump for the 80 degree beam line were
overhauled after the periodic check-up. The control
circuit of the accelerator was inspected every six
months.

FNS uses two types of titanium tritium targets for
fusion neutronics experiments. One is a small target of
30 mm in diameter with about 200 GBq tritium and the
other is a large one of 310 mm in diameter with about 30
TBq tritium. So far we imported the tritium targets, but
the cost increased every year. In 2006 we started the
development to manufacture tritium targets for ourselves
in JAEA. In November of 2007 we successfully
produced a small tritium target of 400 GBq tritium for
the first time at the Tritium Process Laboratory (TPL).
The produced tritium target performance was examined
at FNS. The tritium distribution in titanium was almost
flat. Figure II1.7.3-1 shows change of the DT neutron
generation rate of this target and previously imported
targets with bombarded deuteron beam quantity. The
initial DT neutron generation rate was 1.7 X 10"
n/s/mA. The attenuation rate of the neutron generation
rate was better than those of the previously imported
targets. The DT neutron generation performance of the
manufactured target was very good.
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Fig. 111.7.3-1 DT neutron generation rate.
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IV. ITER
1.  Overview of the ITER Program and Activities
1.1 Progress for the ITER Program

After the ITER
Organization Establishment Agreement' and (2) the
ITER  Organization

Agreement2 in Paris on November 21, 2006, the interim

signing ceremony of (1) the

Privileges and Immunities
ITER Organization (IIO) was granted French legal
personality and started concluding contracts, providing
employment and other activities necessary to launch the
ITER Project on the basis of the Arrangement on
Provisional Application of the ITER Organization
Establishment Agreement’. Meanwhile each Member of
11O started domestic procedure for the ratification,
acceptance or approval of (1) and (2) aiming at the
official establishment of the ITER Organization. Japan
deposited the instrument of acceptance of (1) and (2) on
May 29, 2007 after getting approval of the Diet on May
9, 2007 during its 166th ordinary session.

On July 11-12, 2007 the second meeting of the
interim ITER Council was held in Tokyo. The
Management Advisory Committee (MAC) and the
Science and Technology Advisory Committee (STAC)
were provisionally held twice in 2007, respectively.

The Agreements (1) and (2) entered into force on
October 24, 2007 after all the Members of 11O deposited
instruments of ratification, acceptance or approval of
them. The ITER Organization (IO) was established on
the same day. On November 27, 2007 the first meeting
of the ITER Council (IC) was held in Cadarache. The
IC elected Sir Chris Llewellyn Smith as the Chair. Then
the IC appointed Mr. Kaname lkeda as the Director-
General (DG) of the IO. The Principal Deputy Director-
General and Deputy Director-Generals of the IO were
also appointed by the IC. The IC appointed the Chair
and Vice-Chair of MAC as well as STAC. The IC
approved the internal rules of IO such as Project
Resource Management Regulations and the Staff

Regulations. The IC also approved the conclusion of the

! Agreement on the Establishment of the ITER International
Fusion Energy Organization for the Joint Implementation of
the ITER Project

* Agreement on the Privileges and Immunities of the ITER
International Fusion Energy Organization for the Joint
Implementation of the ITER Project

* Arrangement on Provisional Application of the Agreement
on the Establishment of the ITER International Fusion
Energy Organization for the Joint Implementation of the
ITER Project

agreement with CERN and the partnership arrangement
with the Principality of Monaco as proposed by DG.

1.2 ITER Organization
1.2.1 Formal Establishment of ITER Organization
ITER Joint Implementing Agreement (JIA) took into
force on October 24, 2007 after the ratification by all
ITER Parties and the ITER International Fusion Energy
Organization (the ITER Organization) has been
established formally since that day (Fig.IV.1.2-1). After
that, the 1* ITER Council (IC-1) which is top level
government body for the implementing of ITER JIA
was held on November 27-28, 2007 at Cadarache,
France as the headquarters of ITER Organization. Mr.
Kaname IKEDA and Mr. Nobert HOLTKAMP were
appointed formally as Director-General and Principal
ITER Council,
respectively. The ITER Organization was extended to
have total of 194 staff, as 153 professional staff, 41
support -staff, as of October 31, 2007. A total of 300
staff would be expected by spring of 2008.

The DAC (Demonde d’Autorisation de Creation)
files which include the Preliminary Safety Report

Deputy Director-General by the

(RPrS) were prepared by ITER Organization and
subsequently submitted to French Nuclear Authorities
on January 28, 2008. These are main documents
supporting the application for licensing of ITER
Construction and operation. Also, the Construction
Permit application was submitted to the regional
authority on January 29.

ITER

establishment  of
Organization on October 24, 2007.

Fig.IV.1.2-1  Formal

1.2.2 ITER Site Preparation

The preparation of the ITER site started since January
2007 and is progressing as planned which are
undertaken by the Agence ITER France. The site
preparations including the platform leveling for 75
hectares, contractor areas, temporary and permanent

access roads and temporary construction offices are
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underway. Also road improvement between the nearest
harbor and ITER site is underway.

1.2.3 New Baseline Document and Design Review

The ITER Organization set up the Design Review to
fixed the baseline design of ITER since 2001 Final
Design Report. The design review report was submitted
to ITER Council and its subsidiary bodies by the ITER
Organization. It was confirmed that the overall ITER
design is sound and most of the design change requests
that have resulted by the Design Review is acceptable.
However, this activity is still required more careful
examination. The Science and Technology Advisory
Committee as subsidiary bodies of the Council asked
ITER Organization to reexamine the 13 technical issues
by the next ITER council which are related in, 1)Plasma
vertical stability, 2) Plasma shape control, 3) Flux
Swing in OH operation and Central Solenoid, 4) ELM
(Edge localized mode) control, 5) Remote handling, 6)
Load specification on vacuum vessel and in-vessel
components, 7) Diverter material strategy, 8)Capability
of 17MA discharge, 9)Coil cold tests, 10)Heating and
current drive strategy, 11)TBM (Test Blanket Module)
strategy, 12) Hot cell, 13) Continued involvement of
science and technology communities.

On the other hand, “Project Specification” as one of
the top level baseline documents which is described the
technical scope of ITER was submitted to ITER council
by 10 and provisionally approved. And it will be
submitted with the other top level baseline documents
related the schedule, cost and project plan on the next

Council.

1.2.4 Establishment of TBM Ad-hoc Group and
Financial Audit Board
Tritium breeding blanket testing is a critical element in
the ITER. Test Blanket Module (TBM) program at
ITER is an activity that is considered necessary for
contributing to the demonstration of technical feasibility
of fusion energy. The members of TBM Ad-hoc Group
were appointed from the government officials of all 7
Parities and convened by ITER Organization to make
the proposals for the implementation of TBM program
at ITER regarding with the following specific areas; 1)
Legal basis, 2) Port sharing, 3) Cost sharing, and 4)
Treatment of Intellectual Property Right. The proposal

for the implementation of TBM program at ITER will
be submitted to ITER Council by the summer 2008.

Accountability for the responsible budgetary and
financial procedure is essential for ITER Organization.
The first meeting of Financial Audit Board (FAB) was
held on March 13, 2008 chaired by Prof. Nagano from
Japan. The on-site audit will be carried out and its report
will be issued soon.

1.2.5 External relations — Partnership Agreement with
Principality of Monaco

Partnership Arrangement between ITER Organization
and the Principality of Monaco was signed by DG lkeda
and Minister of State, Jean Paul Proust in the presence
of Prince Albert II on 16 January 2008. The
Arrangement includes a contribution by the Principality
of 5.5 ME for a ten-year period, which will be used to
establish a program of five post-doctoral fellowships
and annual International ITER-related Conferences.

1.2.6 International School Manosque

The International School was opened in September
2007 at the Lycée des Iscles in Manosque with 89 pupils,
30 teachers and 3 administration staff. 6 language
sections are open: Japanese, German, English, Chinese,
[talian, and Spanish; 50% of the teaching is in French.
The first phase of the new school building is planned to
be finished in 2009.The International Advisory Council
for the International School with experts from each
Member was established and its first meeting was held
on 8 November 2007 at Manosque.

1.3 Contribution for the ITER program

JAEA has continued administrative activities to support
Japanese candidates who apply for the professional and
support staff of the ITER Organization. The number of
the Japanese professional staff has been increased to
fifteen by the end of March, 2008, which is 8 % of the
total number of the professional staff of the ITER
Organization. The number of the Japanese support staff
has also been increased to four, which is 7.5 % of the
total support staff.

In addition to these directly employed staff, JAEA
has continued the secondment of researchers and
engineers to the ITER Organization in FY 2007, which
amounts to eighty-five man-month approximately.
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Most of the ITA (ITER Transitional Arrangement)
tasks have been completed in FY 2007. As shown in
Table IV 1.3-1, seventy-two tasks have been completed
and two tasks will be finalized in 2008. In addition,
thirteen ITER non-credited tasks have been undertaken
to cooperate the design review and to finalize technical
specifications for the procurement of ITER components,
and two tasks have been completed so far. Furthermore,
three credited task agreements have been concluded and
tasks are going on.

JAEA has also contributed to the participation in
with the ITER
Organization and other participating members. 136

the various technical meetings

technical meetings were held and a total of 429 JA

members were present at these meetings in FY 2007.

Table IV 1.3-1 Status of task agreement as of 31 March, 2008.

On-going | Completed Total
ITA Task 2 72 74
ITER Non- 11 2 13
credited Task
Credited Task 3 0 3

2. Activity of Project Management

2.1 Overview

Until the formal establishment of ITER Organization
(I0) in October 2007, project management group
performed the preparation activities such as quality
assurance (QA) and documentation management system
in order to start the procurement of ITER components
smoothly. Following the nomination of Japanese
Domestic Agency (JADA) on October 24th in 2007, the
project management group started the quality assurance
activities of JADA and supported the procedure for the
conclusion of procurement arrangement of Toroidal
Field (TF) conductor between IO and JADA.

2.2 Configuration Management
ITER
Management Advisory Committee (MAC) at the

According to the recommendations of
meetings held in November 7, 2007, the Configuration
Management Working Group has been organized in
2007 by the ITER
Organization (I0) and 7 Domestic Agencies (DAs) to

December member from
establish the project management procedure to ensure
that the DAs are

configuration change on

involved in
technical
schedule baseline.

the process of

baseline, cost
JADA member
participated in four WG meetings (video conference)
organized by the IO in FY2007, and the WG performed
a) review of the Configuration Management Plan
(CMP) proposed by the 10, b) discussion to formulate
proposals concerning the definition of the roles and
responsibility of the 10 and DAs and the methods to

assess the impacts of changes, and c¢) discussion to

baseline and

prepare the proposal for the establishment of threshold
levels for the approval of changes. The draft proposal of
WG on the change control procedure has been prepared
for the approval by the MAC and ITER Council
schedule in FY2008.

2.3 Schedule Management

The planning and scheduling of the in-kind Procurement
Arrangement in the ITER project is one of the most
important procedure as well as the budget management.
The ITER organization has started in 2007, but an
accurate process of the whole plan was not drawn up.
Especially, it made most preferential topic of the ITER
project in 2007 that schedule to the first plasma which is

definition of constructive period is raised. Process
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meetings were held at Cadarache for four times in
October, December, January and February, to stack the
procurement arrangement process of the individual
equipment, was performed. As a result as for the
process which was drawn up, to stack the detailed
process which the person in charge of each domestic
agency draws up from the top down level one schedule
which is put out in the ITER council, it was the great
opening in the bottom-up level three schedule which it
drew up. Because of that, squeezing in the individual
equipment, to pierce the problematical point thoroughly,
scheduling acceleration initiation (SAI) meetings were

held frequently from February extending through March.

After all, a new integrated project schedule (IPS) for the
next ITER Council was completed for the procurement
arrangement of including ten years construction and one

year preparation for the first plasma in 2018.

2.4 CAD Management

For implementing the CAD work required for the
finalization of technical specification of the component,
CAD work, CAD data and CAD drawing management
implemented. CAD
environment was also improved by acquiring 3 64bit
PCs with 8GB RAM where ITER standard CAD
software (CATIA) is installed including definition files

for handling increasingly large amount of data and a

instructions were issued and

smooth collaboration with ITER Organization design
office. A 64bit server was also implemented to manage
the CAD data. Considering a collaboration with ITER
Organization three CAD Working Group work-shops
and a videoconference were held in Cadarache and
discussed design collaboration protocol and CAD data
exchange methodology. ITER CAD Manual where
ITER standard CAD methodology is described was
translated to Japanese and started implementing the
rules. A Design Collaboration Coordinator was
appointed and started exchanging CAD data between
JADA and ITER Organization for design collaboration.

2.5 Procurement Management

In advance of other Domestic Agencies, the
Procurement Arrangement (PA) of TF conductor has
signed between 10 and JADA after the
establishment of JADA. For the agreement of the PA,
the contents of the PA were finalized through the

negotiation to the IO

been

in cooperation with the

Superconducting Magnet Technology Group and the
Research Co-ordination  and
Promotion Office. The Nbs;Sn strands for TF coils,
Cable for TF coils and TF conductor based on the PA
have been contracted with four suppliers. Procurement

started. A

and Development

activities have series of procedures

concerning various procurement activities from
finalizing the PA to awarding the supplier contract were

confirmed over the course of this year.

2.6 QA Activity

In preparing to start quality assurance activities in
JADA, the Quality Assurance Program has been created
and approved by the 0. Drafts of 12 kinds of
procedures “and 4 kinds of instructions have been
prepared as documents related to the quality assurance
of JADA. These documents were formally enacted and
the quality assurance system was created immediately
after the establishment of JADA. The quality assurance
activities have proceeded smoothly. The establishment
of a quality assurance system was one of the
requirements in the PA contracts. The Following
activities have been performed : (1) convene the Quality
Quality
Assurance Review Meetings; (3) convene the Unit

Assurance Committee; (2) convene the
Exchange Meetings; (4) perform education and training
activities, and approve the qualifications of the DA
personnel, personnel engaged in design, fabrication,
testing and inspection, personnel engaged in quality
assurance activities and personnel engaged in internal
audit and supplier audit, and (5) initiate the management
of documents which are produced and received by
JADA.
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3. Preparation for ITER Construction

3.1 Superconducting Magnet

JAEA is responsible for the procurement of 25% of TF
conductors, all CS conductors, 9 TF coil winding packs
(WP), 19 sets of TF structures, which include one set for
a spare, and the assembly of WP and the structure for 9
TF coils. The procurement of the TF conductor started
in FY2007 and
procurements of the TF coil WP and structures are

activities to prepare for the
under way. In addition, the installation of the PF Insert
Coil was successfully performed in FY2007. The aim of
the PF Insert Coil project is to demonstrate the
performance of the Nb-Ti conductor for the ITER PF
coils. The results of these activities were described
below.

3.1.1 TF Conductor Development
The TF conductor is
conductor (CICC) with a central spiral, cooled by

a circular cable-in-conduit

supercritical helium, as shown in Fig. IV.3.1-1. The
conductor consists of 920 Nb;Sn and 522 copper strands
with 0.82 mm in diameter. The strands are cabled to a
five stage cable with the final 6 fourth-stage subunits
twisted around the central spiral. The central spiral,
which is essential to reduce pressure drop, is a tube
formed from a stainless steel strip to allow good
convection of helium between cooling channels in the
central spiral and at annular cable space.

To qualify the manufacturing processes of the TF
conductor, JAEA developed a prototype TF conductor
and fabricated 3.6-m long samples to be tested at the
SULTAN test facility in Switzerland. Current sharing
temperature (T,s) of the conductors was measured at an
operating condition of the ITER TF coil, namely 68 kA
at 11.8 T. A typical result of the T, measurement is
shown in Fig. IV.3.1-2 [3.1-1]. In the measurement, an
electric field of the conductor was measured while
increasing the temperature of the coolant helium. T is
defined as a temperature at which the electric field
reaches 0.1 uV/m. As can be seen in this figure, T, is
evaluated to be 6.3 K. T, was also measured after 800
cyclic charges up to 68 kA at 11.8 T and no degradation
satisfy the ITER
requirement that T, should be higher than 5.7 K for the
TF conductor. Based on these technical achievements,
JAEA

procurement in early 2008.

was observed. These results

launched contracts for the TF conductor

NbaSn Cable

L

Jacket (SS316LN)

Central Spiral

» Insulation
Final Cable Wrapping(SS)
Sub Cable Wrapping(SS)

Fig.IV.3.1-1 Nb3Sn cable-in-conduit conductor with central
spiral for TF coil.
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Fig.IV.3.1-2 Typical result of current sharing measurement at
68 kAand 11.3 T.

3.1.2 TF Coil Winding Pack Development

In the manufacturing of the TF coil WP, a heat-treated
conductor is wound into a D shape with a height of
about 14 m and a width of about 9 m and is then
inserted into a radial plate groove without causing
damage on the conductor critical current performance
and turn insulation around the conductor. Tolerances
between the radial plate groove wall and turn insulation
are £2.9 mm at the top and bottom of the winding and
=1.9 mm at the outboard. To enable the insertion of the
winding into the radial plate, the conductor length of a
single turn, which is about 36 m, should be controlled
within £16 mm. This corresponds to a tolerance of
+0.045%, which

manufacturing point

seems challenging from the

of view. Furthermore, the
conductor length changes due to the heat treatment of
Nb;Sn formation. Winding dimensions before the heat
treatment should therefore be determined by taking into
account this elongation or shrinkage of the conductor.
To precisely evaluate the change in a conductor
length during the heat treatment was one of the key

issues and JAEA developed a new apparatus for this
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purpose. Figure 1V.3.1-3 shows schema of the apparatus
[3.1-2].

conductors using bronze and internal tin route Nb;Sn

Measurements were performed for the
strands. Results are shown in Fig. IV.3.1-4. The bronze
conductor showed an elongation of 0.03% and the
internal tin route conductors showed a shrinkage of

0.02% due to the heat treatment [3.1-2,3]. Based on

these values, the winding dimensions can be determined.

An error in the prediction of the winding dimension can
conservatively be assumed to be a half of these values,
iie. £0.015%, and this number is sufficiently small
compared to the allowable tolerance of the conductor
length, +£0.045%. It can therefore be concluded that the
change in the conductor length due to the heat treatment

is not a critical issue.

Sample conductor

Displacement

transducer 1m (Internal tin)

1.4m (Bronze, jacket)

Rods fixed to flange (White)
Movable rods (Gray)

Fig.IV.3.1-3 Apparatus to measure elongation of conductor
during heat treatment.
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Fig.IV.3.1-4 Thermal strain of the prototype TF conductor
using bronze and internal tin route strands, and SS316LN
jacket. The thermal strain of SS316LN is shown for
comparison.

3.1.3 TF Coil Structure Development

Since high fracture toughness of more than 180
MPa-m'? at liquid helium temperature (4K) is required
for the TF structure, the full austenitic wires, which
contain no o-ferrite, will be used for welding of TF
structures. However, full austenitic wires have high
susceptibility to  hot

cracking compared with

conventional wires, which usually contain a few percent
S-ferrite. Therefore, applicability of the full austenitic
wires for welding with a narrow gap TIG welding was
studied by performing trial welding of 40 and 100 mm
thick plates. The tested wires are as the follows:
(1) DIN 1.4455: 0.03C-7Mn-19Cr-16Ni-3Mo-0.15N
(2) JJ1:0.03C-10Mn-12Cr-14Ni-5Mo-0.14N
Weldability is the identical between these two
materials. Both welded joints had yield strength and
tensile strength of more than 300 MPa and 600 MPa,
respectively, and satisfied the ITER requirements. The
joint welded by the JJ1 wire showed good results in
bending tests and no serious cracks were found after
bending. On the other hand, several cracks, which might
be caused by micro cracking during weld operation,
were observed in bending test specimens taken from the
joints welded by DIN 1.4455 wire, as can be seen in Fig.
IV.3.1-5 [3.1-4]. It has therefore been decided that JJ1
wire is used for the welding of the TF structures to

mitigate a risk for hot cracking during weld operation.

eld mtai

Fig.IV.3.1-5 Cracks observed after a bending test of a
specimen taken from the joint welded using DIN 1.4455
wire.

3.1.4 Preparation of the PF Insert Coil Test

The ITER PF Insert Coil was developed by European
(EFDA) to
demonstrate the performance of a Nb-Ti conductor for

Fusion = Development  Agreement
the ITER PF coil under relevant operating conditions.
The PF Insert Coil is a single-layer solenoid, wound
from about 50 m of a prototype PF conductor, including
a conductor joint located at high magnetic field (about
4T) to simulate its operating conditions. It has an outer
diameter of 1.6 m, a height of 3.4 m and a weight of 6
tons. Its nominal current is 45 kA at 6 T and 6 K.

The PF Insert Coil was successfully installed in the
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facility at JAEA Naka which has the largest capability
in the world for testing large superconducting coils, as
shown in Fig. IV.3.1-6. Test will be carried out under
the background field from the CS model coil that can
provide a maximum magnetic field of 13 T. The major
items of the test program are: 1) T, and critical current
(I.) measurements to clarify operation limit; 2) joint
resistance measurement; 3) stability test against
artificial perturbation and 4) AC loss measurement in
the conductor and joint. The effects of cycling
electromagnetic load on the T and I, as well as on the
AC loss, are also evaluated by 10,000 cyclic charges of
the PF Insert Coil up to 45 kA at 6 T. The test will be
performed from June to August in 2008 under the

collaboration of the IO, EU and JAEA.

e

a0 "
Fig.IV.3.1-6 PF Insert Coil being installed into the bore of
the CS model coil.
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3.2 Blanket and Divertor

3.2.1  Blanket

As for preparation of the procurement of the blanket

first wall, design of the first wall and evaluation of

qualification mock-up for the first wall were performed,

as in the following.

1) EM analysis for the first wall and shield block of #18
blanket module.

2) Evaluation of strength concerning with CuCrZr,
SS/CuCrZr and Be/CuCrZr joints of qualification
mock-up for the first wall.

3) Ultrasonic examinations, helium leak tests and

pressure tests of the fabricated qualification mock-up.
The FW includes the Be amour tiles joined to CuCrZr
heat sink with stainless steel cooling tube and backing
plate. These joints must withstand the thermal and
mechanical loads caused by the plasma and
electromagnetic force. Qualification tests for the first
wall fabrication technology are planed using the
representative mock-ups to prove the soundness of the
first wall. The qualification tests include heat flux
testing and mechanical testing of the mock-ups to
qualify the joining technologies required for the first
wall. Figure 1V.3.2-1
specimens after the mechanical testing of the joints. The
tensile properties of the joints fulfilled the ITER

specifications.

shows the fractured tensile

The specimens of SS/CuCrZr joint
fractured at the CuCrZr region apart from the interface.
The tensile strength of SS/CuCrZr was the same as
CuCrZr base. However, the Be/CuCrZr joint fractured
at the interface because of large stress concentration
near the interface caused by discontinuity of materials
properties at the interface.

Be/CuCrZr

Fig. IV.3.2-1 Fractured tensile specimens after mechanical

SS/CuCrZr
testing of joints.

3.2.2 Divertor

JAEA is going to procure the entire outer vertical target
(OVT) of the ITER divertor, which corresponds to the
60.5 divertor cassettes (0.5 cassettes as a prototype, 54
cassettes as real components and 6 cassettes as spares).
In the procurement of the OVT, the ultrasonic testing
and the infrared thermography testing are mandatory as

non-destructive testing. As one of the provisional
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procurement activities of the OVT, non-destructive test
facility based on the infrared thermography has been
in JAEA. Figure 1V.32-2
schematic diagram of the facility. This facility uses hot
water (95°C) and cold water (5°C) to inspect the braze
defects of the OVT components which consists of
Carbon Fiber Composite (CFC) blocks brazed onto the
copper alloy cooling tube. During the inspection, the hot

developed shows the

water is continuously fed into the cooling tube, and then
the hot water flow is instantaneously switched to the
cold water flow within 1s. The transient thermal
response of the OVT component is recorded by the
infrared camera. By comparing this response to that
from the "sound" component, the integrity of the braze
interface is identified. Figure I1V.3.2-3 shows the
infrared image obtained from the OVT mockups at a
time. The mockup with braze defects clearly shows
slower thermal response than the "sound" mockup. This
infrared test facility will be used as an acceptance test
facility of the ITER OVT components.

old Water tank

Chiller unit
(7.5KW X 2)

e

{X3 G ¥
Hot Water Pump (15kW) - %

Fig. IV.3.2-2 Schematic diagram of the infrared thermography

test facility
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Fig. IV.3.2-3 Infrared image obtained from the mockups
with/without braze defects
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3.3 Remote Maintenance

3.3.1 Dry Lubricant

It is essential to prevent the lubricant oil such as grease
from spreading in the vacuum vessel because it makes a
problem on the plasma. Therefore, a solid lubricant for
IVT system is also being developed using Diamond-
Like-Carbon (DLC) coating as a candidate instead of
liquid lubricant to keep cleanness in the VV. Based on
the result of seizure test [3.3-1], test was also performed
using the gears with combination of soft DLC and
SNCM420, as shown in Fig. [V.3.3-1. The result shows
that the life time of the gears with combination of soft
DLC and SNCM420 (base material) has more than
30100 cycles beyond the requirement of 10000 cycles
under required contact pressure of 1.5 GPa. The
feasibility of DLC has therefore been demonstrated for
the application to the transmission gears of the IVT.

Gear coated by DLC

-

Fig. IV.3.3-1 Performance test apparatus

3.3.2 Connection of Rail Joint and Cable Handling

Connection and disconnection of the rail joint for rail
deployment/storage in the transfer cask are critical
issues. Therefore, the feasibility of the connection and
disconnection of the rail joint have to be demonstrated
to finalize the design. The test facility for rail joint
connection and disconnection consists of three rail
segments, lock mechanism of the rail joint, hinge
connection, connection and disconnection of the rail
joint for rail deployment/storage, as shown in Fig.
IV.3.3-2(a). Cable handling technology is also one of
the most critical issues for movable robot. The length of
cable is estimated about 70 m and the over-tension of

the cable should be avoided for stable movement of the
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vehicle manipulator along the rail. The feasibility of a
new idea of the cable handling system with a drum type
cable winding mechanism has to be demonstrated for
compact storage of long cable in the cask. The test
facility for cable handling consists of two drums (one
for simulation of vehicle), multi-cable, guide
mechanism for cable winding arrangement, simulated
cable route with guide mechanism at the corner in front
of maintenance port, as shown in Fig. 1V.3.3-2(b).
These test facilities are under fabrication and assembled
by the end of March 2008, and the performance tests

will be carried out from April 2008.

Vacuym vessel

Transfer cask

(a) Connection Joint (b) Cable handling (Drum type)

Fig. 1V. 3.3-2 Performance test facility for rail connection
and cable handling
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3.4 EC Heating System

There were three JA tasks relating to the ITER
ECH&CD system. Two of them were issued by the
working group 6 during the design review meeting in
2007. The rest one was the procurement support task.
(1) Tritium release prevention

A tritium permeation though the inconel cuffs is
prevented by Cu coating at the disc edge. A gate valve
does not prevent tritium release since the time to close
the valve is normally one second. Therefore, a tritium
detector should be installed close to the window to
minimize the release.

(2) Launcher performance

The poloidal 5° tilting of RF beams could be applied

without degradation of transmission efficiency, which is
more than 99%. Flipping off of only one beam row (8
MW) of three is the solution for the counter injection of
RF beams, although injection power to the co-direction
is decreased less than 16 MW.

(3) Launcher compatibility with 2 MW/line

The critical components is the steering mirror because
Be coating on the reflection surface has been assumed.
The maximum handling power for the mirror coated by
Be is 1.63MW and the present mirror is not adequate for
the 2MW transmission. A countermeasure is nickel
coating (thickness of 50~100 pm) of the cooling
channel in the mirror. However, if carbon comes from a
divertor deposits on the mirror surface, the mirror with
the nickel coated channel is not any more compatible
with 2 MW/line.

(4) Start up RF beam injection

The maximum heat load on the fixed focusing mirror
and the steering mirror are 1.74 MW/m® and 0.84
MW/m?, respectively, for the start-up frequency of 127
GHz.

equatorial launcher optimized for 170 GHz is 99% at a

The power transmission efficiency of the
slot exit for 127GHz without the significant degradation.
(5) Gyrotron procurement

Tables for specification and interface were introduced to
be used in the procurement of the 170 GHz gyrotron. A
preliminary draft of technical procurement document for
JA 170GHz gyrotrons was prepared and required items
such as the intellectual property and the guarantee were
identified to be inserted in the procurement document.

3.5 NBI Heating System

The NBI Power Supply (PS) for ITER is a dc, ultra-
high-voltage (UHV) PS to accelerate negative ion
beams of 40 A up to 1 MeV, for duration of 3600 s at
the maximum. The JAEA at present assumes to share
the procurement of the UHV main components of the
PS which include a dc -1 MV generator, a -IMV
a high
voltage deck for water and gas supply, and a core

insulating transformer, transmission lines,
snubber for surge suppression. The JAEA and EU
together with the IO have discussed the specification of
the PS system periodically. So far, the JAEA and EU
jointly developed the Integrated Design Document
(IDD) and submitted to the IO as a reference document

for the technical specifications to be annexed to the
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procurement  arrangement.  Preparation for the
Procurement Arrangement of the PS is now in progress.
In the UHV PS for the ITER NBI,

suppression against electrical

surge
breakdowns in the
accelerator is extremely important to protect both the
beam source and the PS system. Considering constrains
of layout inside the tokamak building, the PS building
and the PS yard, major components of the PS have been
designed. Based on this design, circuit analysis using
EMTDC code has been performed to determine a most
effective arrangement of the surge suppression devices.
After optimization in the simulation, a series resistor of
50 ohm has been adopted in the return line of the PS to
protect the high voltage rectifiers. It was confirmed that
the intermediate electrode protection resistors can be
moved to upper side of the High Voltage Deck 2
(HVD2) which supplies water and D,/H, gas with 1 MV
insulation. The core snubber distribution has been also
designed so as to fit within limited space inside the
transmission line. A result of the simulations is shown
in Fig. IV.3.5-1. An upper graph shows the inflow
energy from -1MV line of the PS to the accelerator at
the breakdown. A lower graph shows the input energy at
the grounded grid side. From these simulation, the input
energy from the PS into the beam source was confirmed
to be around 20 J which is less than the ITER design
value <50 J.

h voltage side
! H

"'fEnergy(J) ,

simulated breakdown

3.6 Tritium Plant

3.6.1 Design Studies of Tritium Removal System

A series of design studies for the tritium removal
systems of ITER and tritium retention studies of in-
vessel materials for ITER have been carried out, as the
most significant activities for ITER tritium plant by
JAEA. We undertake 50% of the procurement of the

tritium removal systems of ITER, as a work transferred
from the EU. Recently, the design of the system has
significantly changed to address site requirements at
Cadarache. The following is the present concept for the
tritium removal systems of ITER, which are still under
discussion. The tritium removal systems of the tokamak
building (TKC) are composed of 8 modules. These 8
modules are set in 4 fire sectors. Further, the systems
are composed of the ADS (Air Detritiation System) and
the VDS (Vent Detritiation System). The tritium in the
atmosphere of the buildings is removed by the ADS in a
circulation mode, therefore, ADS is not the SIC (Safety
An amount of the
building air is exhausted from a stack though the VDS

Important Component) system.

to keep the building at a negative pressure. Hence, the
VDS is a SIC system. A water scrubber (SC) may
replace the molecular sieve bed of the VDS, since a set
of valve systems with the molecular sieve beds (MS),
which is usually used in fusion facilities in the world,
does not have adequate reliability. We will carry out
the design work of the above system to support ITER
activities under close discussion with an ITER tritium
group [3.6-1, 2].

3.6.2. Tritium Retention Studies of In-Vessel Materials

The temperature dependence of blistering and deuterium
retention in recrystallized tungsten (W) irradiated with
38 eV D ions at high flux of 10* D/m’s to fluences of
10 and 10”7 D/m* was examined with scanning
electron  microscopy and  thermal  desorption
spectroscopy. After irradiated of the W samples to a
fluence of 10°° D/m’ at temperatures below 400 K, the
blisters with size of 0.5-1 um appear on the surface. At
around 500K the blisters become much denser, and at
500-560K small cone-shaped blisters are observed in
addition to large flattened blisters. As the ion fluence
increases to 10”” D/m” at the irradiation temperatures
below 400 K, the blisters become much denser. Some of
the blisters increase in size up to 10um. At irradiation
temperatures above 520K, the increase of ion fluence
from 10% to 10”” D/m” does not change significantly the
surface morphology. The blisters are not formed the
irradiation temperature above 600K. Figure IV.3.6-1
shows the Deuterium retention in tungsten irradiated
with different fluences. For an ion fluence of 10*°D/m?,
the D retention is about 2x10%° D/m’ at 7;,,=320 K and,

as the irradiation temperature increases, rises to its
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maximum of about 5x10*' D/m” at 7},=530 K and then
to about 8x10" D/m’
significant increase of the D retention at the irradiation
below 500 K, whereas at

temperatures the D retention increase is proportional to

decreases down leads to

temperatures higher
the square root of the fluence. The possible reason of
the temperature dependence of the D retention on the
ion flux is a balance between the incident flux and
temperature dependent D atom diffusion rate out of the
implantation zone [3.6-3].
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Fig.IV.3.6-1 Deuterium retention in recrystallized tungsten
irradiated with 38 eV at ion flux of 10% D/m’s to fluence of

10% and 10*"D/m?, as function of the irradiated temperature.
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3.7 Plasma Diagnostics

Design works on Impurity Influx Monitor (divertor),
Microfission Chambers, Thomson Scattering (edge)
System, and Poloidal Polarimeter have been carried out.
Prototypes of the diagnostic components have been
developed and tested. The design and analyses of the
upper port plug have been performed.

3.7.1 Impurity Influx Monitor (divertor)
The optical components with a high reliability and a

capability of the remote maintenance are being

developed for the impurity influx monitor (divertor)
system withstanding the harsh environment [3.7-1].
Because the optical path from the collection optics to
the front-end optics is about 10 m long, the remote
optical alignment system is necessary for Kkeeping
viewing fans. The double vacuum windows are placed
at the end of port plug, which are arranged the optical
path as the labyrinth structure by using two mirrors. The
design of a gimbal type mirror holder for these mirrors
with the adjustable range of 5° and the resolution of less
than 0.01° is carried out [3.7-2].
selection of materials of a bearing, an actuator and a

In this design, the

feedthrough is important to get a sufficient alignment

capability and to use in the higher gamma-ray
irradiation, the high vacuum condition, the higher
magnetic filed and the higher temperature. In the
present, a sliding bearing made of zirconia, a piezo-
motor and a linear feedthrough made of stainless steel
304 are used, respectively.

An in-situ calibration system using a newly
developed micro retro-reflector array has been
developed because the installation of a light source in
the vacuum chamber of ITER is not feasible [3.7-3]. A
standard light is set behind the bio-shield or in the
diagnostic room and the light is applied to the micro
retro-reflector array mounted on a shutter through the
same optics for plasma measurement with the collection
light is
spectrometer to evaluate the sensitivity change of the

optics. The reflected measured with a
optics. During plasma measurement, the micro retro-
reflector array, mounted on the shutter plate, retracts
into a sheltered area to prevent particle bombardment
and deposition. The proto-type micro retro-reflector
in FigIV.3.7-1 is

array made of nickel shown

Fig.IV.3.7-1 Photograph of prototype micro retro-reflector
array (a) and photo by SEM (b)

manufactured by an electro-forming method. Detected
signals have been estimated by using the measured
spectral reflectivity of the micro retro-reflector array. As

a result, a signal-to-noise ratio of more than 1000 is
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expected.

3.7.2 Microfission Chamber

Microfission chambers (MFCs) provide time-resolved
measurements of the global neutron source strength and
fusion power (Required measurement range: 100 kW -
1.5 GW).

Though MFCs have been used as power monitors in
Boiling Water Reactors (BWRs), operating environment
is different between the BWRs and ITER. Since MFCs
have not been used in vacuum, airtight and/or leakage
test was needed. Mockup of the MFC without Uranium
was made to test airtight and leakage performance
(Fig.1v.3.7-2). High-pressure helium gas (18 atm) was
filled for the test instead of the working gas (Argon 14
atm), and gas leakage was not detected.

Design of the MFCs and MI cables in the vacuum
vessel has been carried out. To decide detail position of
the MFCs between the blanket module and the vacuum
vessel, the ratio of streaming neutrons at the installation
position was evaluated. Neutron fluxes at various
distances from the rear of the gap between the blanket
modules have been calculated based upon a neutron
Monte Carlo calculation using a MCNP version 5 code.
The result shows that the effect of streaming neutrons
should be taken into account when the MFC is installed
closer than 20 cm to the rear of the gap between blanket
modules [3.7-4].

Junction Connector

Dummy detector

Ml cable

Fig.IV. 3.7-2 Trial manufacture of the Microfission chamber
for gas leakage test without Uranium in the detector.

3.7.3 Thomson Scattering (edge) System

In ITER edge Thomson scattering diagnostic system,
spectrorﬁeters (polychromators) consist of optical band-
pass filters and avalanche photodiodes are planned to be
used for the detection system. Design study of the
polychromator for ITER edge Thomson scattering
diagnostics system has been performed. Transmission
wavelength ranges of filters for the polychromator are
proposed by minimizing the numerically calculated

errors in the electron temperature. To eliminate the laser

stray light and the strong emission of D, (656 nm), the
two wavelengths are set to be the segment points of the
filters. It has been found that the filter below 656 nm is
important for evaluating the electron density and
temperature because the required temperature range
extends to 10 keV, in which the tail of the spectrum is
broadened around 400 nm. It has been revealed that the
emission, whose wavelength is shorter than 500 nm, is
not important for the measurement. This is because only
the tail part of high temperature spectrum appears in the
wavelength range, while the shot noise due to
bremsstrahlung radiation increases as expanding the
transmission wavelength range. The characteristics of
four configurations, i.e. case (i) transmission
wavelength of 656-1064 nm, case (ii) one filter is added
below 656 nm, case (iii) two filters are added below 656
nm, and case (iv) one filter below 656 nm and another
above 1064 nm are added, are compared. It has been
found that case (iv) becomes better than the others if the
filter number is more than six. The optimized
wavelength ranges for the filter number M = 7 are

presented as shown in Fig.1V.3.7-3 [3.7-5].
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Fig.IV.3.7-3 Segment points of the filters in cases (i)-(iv) and
spectral density functions at 50 eV, 2 keV and 10 keV. The
transmission wavelength range of the case (i) is 656-1064
nm. Single and double filters are added below 656 nm in case
(ii) and (iii), respectively. In case (iv), filters are added below
656 nm, and above 1064 nm. In all the cases, M = 7.

3.7.4 Poloidal Polarimeter

The viewing chord arrangements of the Poloidal
Polarimeter have been optimized for various equilibria
of ITER operation scenario [3.7-6]. For this purpose, a
magnetohydrodynamic equilibrium reconstruction code

has been developed and applied. This code only uses
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the data from Poloidal Polarimeter and the shape of the

last closed flux surface as inputs so that a
conventionally used assumption of isotropic plasma
pressure is not needed, thus the code can treat un-
isotropic plasmas. Using this code, optimized viewing
chord arrangement for the inductive operation scenario
IT at the start of the burn phase (S2-SOB) has been
obtained. The accuracy of the central safety factor
within 3%

optimized viewing chord arrangement for S2-SOB has

has been achieved. Furthermore, the

been applied for other equilibria, i.e. non-inductive
operation scenario IV at the start of the burn phase (S4-
SOB) and limiter plasma during the current ramping up
phase. The accuracy with optimized arrangement for
S2-SOB has not been deteriorated drastically compared
with the accuracy evaluated using the optimized
arrangement for individual equilibrium. Consequently,
the optimized viewing chord arrangement for S2-SOB is
a promising candidate.

A conceptual design study of the Poloidal
Polarimeter has been progressed. A designing study of
transmission lines and mirror arrangement at the
equatorial no.10 port plug has been carried out to adopt
a concept of that several laser beams share a single
vacuum window. As the result, CAD drawings are
successfully created with twelve laser beams and four
vacuum windows (3 beams per 1 vacuum window).
With this concept, it is expected that space limitation at
the back plate of the port plug is relaxed, risk of vacuum
leakage is reduced, and cost is reduced. A new design of
a retro reflector has been made. A cylindrical and
tapered mirror housing is proposed instead of the box
type housing that is previously proposed by ITER
organization. With this new concept, retro reflector
design to be applicable to the various viewing chords
can be simplified and standardized. This is also
beneficial to simplify the interfaces between retro
reflectors and the blanket modules.

3.7.5 Port Plug
Engineering analyses and studies have been performed
for the representative diagnostic upper port plug of
ITER [3.7-7]. An integration design has been also
carried out for the diagnostic components to be installed
in the upper port plug.

The displacement of the upper port plug induced by
eddy currents during VDE was calculated at first.

Maximum displacement of 3.2 mm has been observed at
the top of the port plug in the circumferential direction.
Dynamic amplification factor have been estimated to be
1.5 in the preliminary result. Here, the gap between the
VV port and port plug is designed to be 20 mm. The
fabrication and assembly tolerance is designed to be +
5mm. It seems that the displacement of the port plug
would be less than this tolerance. For the stress on the
port plug, high stress concentrations are produced at the
joint points between side plate/rib and manifold.
Maximum stress of 230 MPa

manifold/side plate. These stresses can be reduced by

is obtained at the

small design changes such as additional supports
structure and change of joints configuration.

Maintenance scenario for the upper port plug has
been studied to complete the design. The gripping
mechanism and load transfer for the upper port plug was
focused because these two are key issues of the
cantilevered structure. A 14 steps removal procedure
was established to satisfy these functions. Here, an
additional low body roller was proposed in order to
support the weight of the upper port plug and load
transfer process. The integration of diagnostics into the
port plug has been studied for the Upper Port Plug
No.11. An additional inner frame has been considered to
fix the optical equipment accurately as shown in Fig.
IV.3.7-4. Moreover, it will assist an easy maintenance
for the diagnostic components. These studies and
designs have established the design basis of the
diagnostic upper port plug.

Fig. 1V.3.7-4 Integration of diagnostics into upper port plug
No. 11 with inner support frame
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3.8 CODAC Design Activity

The ITER instrumentation and control (I&C) system,
which controls ITER facility, consists of three systems;
COntrol, Data Access and Communication (CODAC),
interlock system and safety 1&C system. The design of
CODAC has been carried out by ITER organization
(I0) with contributions from each party.

JAEA has contributed CODAC design continuously.

The draft version of document “Plant System 1&C
Handbook” that is a guideline for each plant system of
ITER to construct its instrumentation and control
system was reviewed, and the problems concerning the
software have been extracted. The data flowchart
between each function of the CODAC was made based
on the various CODAC documents, and the functions
lacked in the current CODAC model were extracted.
The codes and standards to be conformed for CODAC
and plant systems of ITER were clarified. Moreover, the
items to be described on the technical specification of
CODAC were examined.

JAEA reviewed the conceptual design of CODAC
as a member of CODAC working group. The
suggestions for CODAC design were arranged and
reported to the ITER 10 from the working group.

3.9 Code and Standards

In order to cover the features of safety and mechanical
design of ITER components and to introduce several
new fabrication and examination technologies, the
development of technical structural standard for ITER is

being continued by the Japan Society of Mechanical
Engineers (JSME) since 2003. The work had been
focused on the structural standard development for
Superconducting Magnets, because it is urgent to use
for Japanese procurement of TF coil structure. In
FY2007, the discussions to finalize the drafts of
standards prepared by JAEA were continued in JSME
nuclear fusion standard committee. Finally after the
approval of the committee, the drafts of standards was
submitted to the JSME Committee on Power Generation
Facility Codes and approved in March 2008. The
standards are expected to be approved in June 2008
after the process of public hearing. The publication of
the standards is expected in August 2008.

3.10 Other Tasks

3.10.1 Neutronics

Under the ITER/ITA task, we have conducted a neutron
streaming experiment simulating narrow and deep gaps
at boundaries between ITER vacuum vessel and
equatorial port plugs [3.10-1] in order to validate
neutron transport calculations with the MCNP, Attila
and TORT codes.

(a) Horizontal cross section

_ First gap

Second gap

® Measuring point

Unit: cm
Fig. IV. 3.10-1 Experimental arrangement.

Iv.3.10-1

arrangement with a gap structure. The experimental

Figure shows the experimental
assembly was prepared with two iron blocks of 100 cm
in height, 30 cm in width and 55cm in thickness and two
iron blocks of 60 cm in height, 20 cm in width and 140
cm in thickness. The widths of the first and the second
gaps were 4 cm and 2 cm, respectively. A dogleg

structure at the point of 56 cm in depth was provided
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and the distance of offset was 4.2 cm. The distance from
the FNS D-T neutron source to the surface of the
assembly was 20 cm.

28U and *°U Micro-Fission Chambers (MFC) and
Nb, Al and In activation foils were used as detectors to
measure fission rates and reaction rates along the gap as
a function of the depth. **U(n,fission), “*Nb(n,2n)"*"Nb,
ZAl(n,0)**Na and '“In(n,n’)'"™In is sensitive to fast
neutrons. Therefore, the fission and reaction rates show
the relative MeV neutron fluence. On the other hands,
33U(n,fission) is sensitive to slow neutrons, especially
neutrons from thermal energy to 1 keV, and the fission
rate shows relative slow neutron fluence. The
experimental errors of the fission and reaction rates
were within 6 %.

Analyses of the streaming experiment were carried
out with the Monte Carlo code MCNP4C3 and
FENDL/MC-2.1. We also performed analyses with the
Sn codes TORT (forward biased angular quadrature)
and Attila (last collided source). Multigroup libraries
(21 group structure, Ps Legendre expansion) were
generated from the matxs file FENDL/MG-2.1 with the
TRANSX2.15 code. The data for ***U and U fission
cross sections and “Nb(n,2n)”*"Nb, *’Al(n,a))**Na and

"SIn(n,n’)"*™n cross sections were cited from JENDL
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Fig. IV.3.10-2 Measured and calculated 2**U fission rate.

1v.3.10-2

calculated ®U fission rate. The calculated ***U fission

Figure shows the measured and
rate up to 95.9 cm in depth is close to the measured one.
Especially, the calculation with MCNP agrees with the
measurement well. The calculated reaction rates with

Nb, Al and In also correspond with the measured ones

up to 95.9 cm in depth. From the results, it is found that
the evaluation of fast neutron transport by using MCNP,
TORT and Attila is adequate up to about 100 cm in
depth.

However, between 136 cm and 176 cm in depth, the
measured ~**U fission rate tends to overestimate than the
calculated ones. This overestimation is considered to be
due to many background neutrons scattered in the
experimental room wall.

3.10.2 Operation Scenario

10 tasks regarding the plasma operation scenario of
ITER have been performed through analyses of poloidal
field (PF) control and disruptions, making a significant
contribution to the detailed design of ITER. Recent
studies of the heat loads on limiter structures have
pointed out that for real ITER operation an early
transition from limiter to divertor configuration of
plasma equilibrium is needed at the level of plasma
current less than ~ 5 MA. This PF scenario of the early
formation of X-point, however, retards penetration of
inductive plasma current. Consequently, the plasma
internal inductance, /; decreases appreciably, making the
plasma shape control more difficult. In this task,
impacts of the low /; operation on previous ITER
inductive scenario were investigated in detail. Equilibria
of full bore plasma were shown to exist under the
engineering restrictions that arise from practice of the
ITER PF system. It was verified that the lowest limit of
[;, i.e. 0.7, is attainable. In order to lower /; further, it is
recommended: 1) to increase the number of turns in PF6
and PF2 coils, 2) to raise the limit on separation force
between the CS modules, 3) to extend allowable
displacement of the separatrix legs towards the divertor
dome. Simulations of several representative disruption
scenarios were performed with the DINA code, using
recently derived data of L/R time constant and geometry
newly specified for the models of ITER blanket and
divertor. These data are utilized as the data basis for
determining the physics specification of heat loads on
plasma facing components and designing the vacuum
vessel as well as in-vessel components.

A comprehensive simulation of plasma current
ramping-up was performed wunder the operation
condition at a slow rate, based on the ITER 15 MA
inductive Scenario 2. In tokamak fusion reactors with

superconducting PF coil system, ramping-up of the
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plasma current for startup of discharges is essentially
restrained at a rate much slower than the current
tokamak with normal PF conductors. Therefore, the
induced plasma current can penetrate deeply into the
core region with higher electron temperature, i.e. low
Ohmic resistivity, leading to a centrally peaked current
profile. Consequently, such the high /, highly elongated
configuration imperative to divertor formation has the
dangerous property of causing vertical instability. Using
the Tokamak Simulation Code (TSC), a self-consistent
simulation, including a model for improved core energy
confinement and non-inductive current sources, has
been performed in consideration of the operational
constraints, i.e. sawtooth free go > 1, gmin > 2 to avoid
internal MHD activity in reversed shear plasmas and
flux consumption that could seriously compromise the
available duration of the burn phase. Additional heating
at early phase of the ramp-up has been addressed as one
of startup procedures that retard the penetration of
plasma current. A potential drawback, however, is the
substantial increase in the direct heat load to limiter.
Therefore, phasing of the earliest possible formation of

diverted plasma, formation of internal transport barrier

(ITB) and transition from L to H-mode was investigated.

Timing of the EC heating and non-inductive current
driving using off-axis ECCD source was also optimized.
Time-evolution of the safety factor g-profile was in
reasonable agreement with those of JT-60U reversed
magnetic shear discharges with high bootstrap current
fraction. These simulation results provide an instruction
basis to create the ramp-up scenario that best suits the
ITER requirements: enhanced bootstrap current fraction,
stable current profile, as well as the interests: how
quickly the plasma current needs to be ramped up and
how slowly it can be.
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4. Contribution to International Tokamak Physics
Activity (ITPA)

Contribution to the 7 topical groups is summarized

below. In addition, large number of JAEA authors

contributed to publication of 'Progress in the ITER

Physics Basis' ( Nucl. Fusion, 47, S1 - S413 (2007)).

4.1 Transport Physics

Two group meetings were held and six JAEA staff
participated. Intrinsic/spontaneous rotation values for
enhanced confinement regimes in JET, C-Mod, Tore
Supra, DIII-D, JT-60U, TCV and NSTX were used to
form a database. The Mach numbers (both ion thermal
and Alfven) were found to scale with By, with no
dependence on collisionality or normalized gyroradius.
Extrapolations to ITER, from both dimensionless and
machine parameter scalings, predict rotation velocities
of a few 100 km/s or My > 2% without external
momentum input [4.1-1]. This should be high enough to
suppress RWMs. In JT-60U, the relations among
diffusive and non-diffusive terms in the momentum
transport and heat diffusivity were investigated. In low
beta plasmas the measured rotation agrees well with a
diffusive model for rotation in response to the applied
torque, but not in high beta plasmas where the pressure
gradient  contribution also becomes important.
Modulation experiments showed that y, increases with
xi radially and locally, and both decrease as I, is

increased [4.1-2].
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4.2 Confinement Database and Modeling

Two group meetings were held and three JAEA staffs
participated. Three working groups, i.e. global
confinement WG, particle transport WG and IMAGE
(Integrated Modeling — A Global Effort) WG, were
organized. The impact of the new version (DB3) of
Global H-Mode Confinement Database and its analysis
on ITER was discussed [4.2-1]. Similar collisionality
dependence of density profiles was found in multi
machines. Status of integrated modelling in each party

was introduced. CDBM-TG contributed to publication
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of Progress in the ITER Physics Basis, Chapter 2:

Plasma confinement and transport [4.2-2].
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4.3 Pedestal and Edge Physics

Two group meetings were held and four JAEA staffs
participated. In JT-60U, effects of toroidal field ripple
and edge toroidal rotation on the pedestal performance
and ELM characteristics were investigated. Both
pedestal pressure (pyeq) and ELM energy loss (AWgpy)
decreased with increasing the counter rotation. But, the
reduction of pp.q With counter rotation is less sensitive
than AWgy, normalized ELM energy loss to the
pedestal stored energy (AWgwm/Wpeq) can be reduced
with increasing the counter rotation [4.3-1]. In order to
examine the dependence of pedestal width on non-
dimensional parameters, ELMy H-mode plasmas were
compared between hydrogen and deuterium plasmas.
When v" and B, were fixed between H and D plasmas,
similar profiles of n.,, T. and T; were obtained,
indicating weak pp* dependence. On the other hand,
when v" and pp* were fixed in comparison of D plasmas
with different plasma current, wider pedestal width was
observed in high B plasmas. Based on these dedicated
experiments, the scaling of the pedestal with of the ion

temperature was evaluated as Ayeq = a p, > B, [4.3-2].
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4.4 Steady-State Operation

Two group meetings were held and two members
participated. Results on joint experiment for ITER
hybrid and steady-state scenarios were discussed.
Simulation study in ITER advanced scenarios by
CRONOS, GLF23, ONETWO and TASK were carried
out and compared. Issues related to this group in the
ITER design review were discussed. From JT-60U,
results on measurement of off-axis NBCD current
profile using N-NB were reported, and experimental
research plan, hardware modification and new
diagnostics for the ITER advanced scenario study was
explained and discussed. Benchmarking study of codes

for electron heating and electron cyclotron current drive

under ITER conditions was summarized and published
[4.4-1]. Section related to this group in Progress of
ITER Physics Basis was published [4.4-2]. Group
papers for the 21% Fusion Energy Conference were
published [4.4-3 (in collaboration with the ITPA
pedestal topical physics group), 4.4-4]
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4.5 MHD
Meetings of this Topical Group were held at San Diego
in May, Garching in October, and Naka in February.
Three members from JAEA attended at the all three
meetings. Issues discussed were experimental and
theoretical results on resistive wall mode (RWM),
neoclassical tearing mode (NTM), high-energy particle
induced instabilities such as Alfvén eigenmode, vertical
instability, and disruption. Also discussed were the
issues in the ITER Design Review, such as the effect of
the resonant magnetic perturbation coils on ELM and
RWM stability and the effect of ferritic steel tiles and
test blanket modules on fast ion loss. From JT-60U,
results of NTM experiment and comparison with
TOPICS simulation were presented. In addition, results
from experiments on the critical velocity for RWM and
stability analysis using the MARG-2D code were
presented. Specification of newly installed external
magnetic perturbation coils was also shown. As
contribution to the ITER Design Review, results of
simulation on fast ion loss using the OFMC code under
installation  conditions

various of ferromagnetic

materials in ITER were presented [4.5-1].
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4.6 Scrape-Off-Layer and Divertor Physics

Three and two members participated in the 9™ IPP
Garching (Germany) meeting and in the 10" Avila
(Spain) meeting, respectively. Experiment results of JT-
60U contributed to the ITPA research. ELM filament

dynamics such as propagation velocity and filament size
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were presented [4.6-1], and it contributed to a review of
the 11th JAEA TCM on H-mode physics and transport
barriers in Tsukuba (Japan) [4.6-2]. Comparison of the
particle retention in the series of long-pulse discharges
under 150 and 300 degree baking temperatures was
presented. Impurity transport of the dominant radiator,
ie. C”, in the X-point MARFE was carefully
determined [4.6-3]. Evaluation of dust generation in
tokamaks was recently focused due to limitation of the
ITER tritium retention. Dust correction result (~7% of
the carbon erosion from the outer divertor tiles [4.6-4])
will reduce estimation of the tritium retention in the
ITER.
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4.7 Diagnostics

A group meeting was held in Chengdu, China. Two
scientists of JAEA participated the meeting. Progress in
developments for ITER diagnostics was presented. A
concept of absolute calibration of Impurity Influx
Monitor utilizing a micro retro-reflector array was
proposed and the expected signal level at the calibration
was evaluated. Designing study of Micro Fission
Chamber was carried out so that the chamber and the
MI cable are separable for easier installation in the
ITER vacuum vessel. Optimized viewing chord
arrangements of Poloidal Polarimeter were obtained for
various ITER operation scenarios, which satisfy the
requirement of accuracy of q(r) measurement. From JT-
60U, it was reported that the proof of principle test of
Thomson scattering diagnostic utilizing Fourier

transform spectroscopy was successful.
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V.  Broader Approach

1. Overview of the Broader Approach

1.1 Progress of the BA Programe

The Agreement between the Government of Japan and
the European Atomic Energy Community for the Joint
Implementation of the Broader Approach Activities in
the Field of Fusion Energy Research (referred as “the
BA Agreement” hereafter), which provides the legal
framework of the implementation of the Broader
Approach, was signed in February 2007[1.1-1]. The
Agreement entered into force in June 2007 after the
completion of internal procedure for conclusion of the
Agreement in Japan and EURATOM. JAEA was
assigned as the Implementing Agency in Japan and
Fusion for Energy, which is also the Domestic Agency
of ITER, was assigned as the one in EU.

The Broader Approach Agreement comprises three
large research projects to be jointly implemented,
aiming at supporting the ITER project and at an early
realization of fusion energy as a clean and sustainable
source of energy for peaceful purposes, and will be open
to participation of other ITER Parties.

The three projects are 1) the Engineering Validation
and Engineering Design Activities for the International
Fusion Materials Irradiation Facility (IFMIF/EVEDA),
2) the International Fusion Energy Research Centre
(IFERC), and 3) the Satellite Tokamak Programme. The
first two projects will be carried out at Rokkasho,
Aomori; the third project will be carried out at Naka,
Ibaraki.

After the entry into force of the Agreement, Ist
Steering Committee on the Broader Approach Activities
was held in Tokyo on 21 June 2007 as shown in Fig.
V.1.1-1. The Parties discussed the work program,
structural framework etc. On 15 November 2007, the

Fig. V.1.1-1 The 1st BA Steering Committee

second meeting of the Steering Committee was held in
Barcelona. The Steering Committee took note of the
progress in each project and took decisions on the
I[FMIF/EVEDA, IFERC and the Satellite Tokamak
Programme projects. To initiate activities of the both
Implementing Agencies, a template for the Procurement
Arrangement was made and approved by the Steering
Committee and procurements of “in-kind” contributions

were started.

Reference
1.1-1 http://www.mofa.go.jp/policy/s_tech/b_approach/
index.html

1.2 BA Organization

The general principles governing the Broader Approach
Activities are specified in the BA Agreement [1.2-1].
The principles specific to each project of the Broader
Approach Activities are specified in its Annexes I, II
and III, which form an integral part of the BA
Agreement. Administrative structure of the Broader
Approach Activities consists of one Steering Committee
and its Secretariat, three sets of Project Committee,
Project Leader and Project Team of the individual
projects, and Japan and European Implementing
Agencies. Relationship of the individual elements of
the administrative structure is presented in Fig. V.1.2-1

and their main functions are as follows

1.2.1 Steering Committee

The Steering Committee, which has legal personality, is

responsible for the overall direction and supervision of

the implementation of the Broader Approach Activities.

The Steering Committee shall meet at least twice per

year, alternately in Europe and in Japan. Major

functions of the Steering Committee are;

(a) appointment of a project leader for each project and

the staff of the Secretariat,

(b) approval of a project plan, a work programme, an
annual report of each project and the structure of a

project team.

1.2.2 Project Committee

Project Committee established for each project of the
Broader Approach Activities meets at least twice per
year (in principle, in Japan).

Major functions of each Project Committee are:
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(a) making recommendations on the respective draft
Project Plans, Work Programs and Annual Reports to
be submitted to the Steering Committee,

(b) monitoring and reporting on the progress of the
project of the BA Activities.

1.2.3 Project Leader and Project Team
The Project Leader is responsible for the co-ordination
of the implementation of the project. Each Project
Leader is assisted by the respective Project Team in the
exercise of his responsibilities and functions. The
members of each Project Team shall comprise the
Experts and other members such as visiting scientists.
The structure of each Project Team shall be approved by
the Steering Committee upon proposal by the respective
Project Leader.
Major functions of each Project Leader are:
(a) organizing, directing and supervising the Project
Team in the implementation of the Work Programme;
(b) preparing the Project Plan, the Work Programme
and the Annual Report, and submitting them to the
Steering Committee for approval after consultation
with the respective Project Committee;
(c) reporting to the Project Committee on the progress
of the respective project of the Broader Approach
Activities.

1.2.4 Implementing Agency

Each Party designated an implementing agency, i.e.,
JAEA of Japan and Fusion for Energy of EU to
discharge its obligations for the implementation of the
BA Activities, in particular to make available the
resources for their implementation.

JAEA host the Project Teams and makes available
working sites including required office accommodations,
goods and services. JAEA is also responsible for the
management of agreed financial contributions to
operational costs and of the financial contributions to
common expenses of each Project Team, dedicated to
each project of the BA Activities. In addition, JAEA
takes the necessary steps to obtain all permits and
licenses provided for in the laws and regulations in
force in Japan and required for the implementation of
the Broader Approach Activities.

Reference
1.2-1 Agreement Between the Government of Japan and the
European Atomic Energy Community for the Joint
Implementation of the Broader Approach Activities in

the Field of Fusion Energy Research.
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2. Satellite Tokamak Programme

2.1 Overview

Based on the BA agreement entry into force, the Project
Leader and the Project Team were nominated and
started the activity. In order to expand the scope of the
work towards the re-baselining of the design for the
integrated design report, a single albeit distributed
organization was established, constituting an integrated
team working under the leadership of the Project Leader
and of the JA and EU Project Managers. The integrated
team proceeded the integration activities and design
activities described in following sections.

2.2 Integration Activities

The Project Leader (PL) was nominated in the Ist
Steering Committee (SC) Meeting. Executive summary
of the Conceptual Design Report on JT-60SA (CDR)
has been prepared based on the CDR and approved in
the 1st SC Meeting.

Functional specifications of the components (FS)
were agreed in the 1st Coordination Meeting between
Japanese and European Implementing Agencies (JA-
and EU-IAs) held on 23-26 July 2007 at the EFDA
Garching under the coordination of the PL. The STP
(STP-PC) approved the FS
submitted to the 1st STP-PC Meeting (remote meeting)
held on 10 August 2007, and agreed to inform the SC.

However, the functional specifications were not adopted

Project Committee

by the SC through a written procedure as a consequence
of concerns with respect to the cost estimates.

Proposal of the integrated organizational structure
and actions for an Integrated Design Report (IDR)
towards re-baselining of the design to meet the cost
objectives was approved in the 2nd SC Meeting. Then,
activities to organize the integrated organizational
structure working under the leadership of the PL and of
the JAEA and Fusion for Energy (F4E) PMs, and
actions for the IDR were commenced.

Five experts were appointed for the Project Team
(PT) in the 2nd SC Meeting, while they had already
started activities with the PL from the beginning of the
Project.

A Common Management and Quality Programme
(CMQP) including necessary management structures
and processes was agreed among the PL and the IAs.
Based on CMQP, the JAEA JT-60SA Quality Assurance
Programme based on ISO 9001:2000 and IAEA No.

GS-R-3 (2006) was developed and also agreed.

In order to develop the "Codes and Standards",
JAEA started discussions on applicable laws for the
superconducting magnet and cryogenics system with the
prefecture authority, and for the vacuum vessel with the
governmental authority, respectively. Work Breakdown
(WBS) was
incorporated

Structure developed by PT who

inputs from each IA. Document
management for integrated activities started operation
System (DMS)

equipped by F4E based on ITER Documentation

with Documentation Management

Management (IDM) system. Designated members of PT
and both [As started to use this tool for storage, review,
and approval of common documents. The preparation of
CAD management software (SmarTeam) has been
started.

The re-baselining of the machine design has been
developed as follows:

- Plasma performance has been changed in a limited
way. Albeit some reduction of aspect ratio, in some
sense some parameters have been improved.

- The toroidal field ripple has been further reduced.

- The flattop flux has been increased to provide a
reasonable window of operation with long pulse and
high current. About 4-5 Wb has been added.

- Design requirement of the maximum neutron rate
was re-assessed to reduce nuclear heating in the magnet,
jointly with F4E.

- Seismic analysis was started including soil
property of the Naka site to identify seismic load at
ground floor in collaboration with F4E.

2.3 Design Activities

Based on the provisional Work Programme 2007
approved in the Ist SC Meeting, the following activities
were implemented.

2.3.1 TF Magnet

Current feeder and He coolant pipes of the TF coils in
the cryostat were designed. Interface issues with the
vacuum vessel were assessed jointly with FAE, requiring
a down shift of the large horizontal ports of vacuum
vessel, for the installation of inter-coil structure of TF
magnet.

2.3.2 PF Magnet
The detailed design report of Central Solenoid and
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Equilibrium Field Coils was submitted to the PL and
F4E as the evolution of CDR. Considering the
comments from F4E, the plasma operational boundary
was developed from a viewpoint of experimental
flexibility. The PA for superconducting conductors of
CS and EF coils was signed by the 1As with the consent
of the PL. Based on the PA, the tender documents for
cable and EF jacket were prepared.

2.3.3 Vacuum Vessel

The geometrical shape of vacuum vessel was assessed,
and a round shape in poloidal direction and polygonal
shape (10 degree segments) in toroidal direction was
chosen from a viewpoint of easiness of manufacturing.
The detailed design report of the Vacuum Vessel was
submitted to the PL and F4E, subject to revision after
the submission of IDR to the SC. The PA for the
vacuum vessel including the vacuum vessel body, ports,
gravity supports, jigs and tools was proposed. The
implementation of the PA is limited by appropriate
milestones for possible revision of the design, including
a hold point, such that manufacturing should not be
started before the overall geometry, dimension and
shape are finalized in the IDR.

2.3.4 In-Vessel Components

Technical R&D plans were discussed with the support
of the ITER blanket laboratory. There are some possible
candidates for fabrication of the CFC mono-block type
divertor target. This activity will continue to the middle
of 2008. The PA for raw materials (CFC) of divertor
targets, domes and baffles was prepared.

2.3.5 Power Supply and Control

Plasma operation scenarios for ITER-shaped single null
and low-A double null configurations were developed to
meet cost objective on power supplies to be supplied by
EU so that power supplies could be designed by using
existing JT-60 transformers. Work continued in the area
of Quench Detection System and the definition of the
technical specifications of the power supplies for the EF
system. Consorzio RFX staffs visited at JAEA-Naka to
discuss the specifications on quench protection system
(one stayed in October to December, one stayed for one
week in October, and three stayed for one week in
December). EU (RFX) and JAEA have jointly drawn up
the basic document series with the joint work report to

proceed the detail design activities. In cooperation with
EU, JAEA proceeded to design the overall power supply
systems consistently with the existing facilities and
buildings.

2.3.6 Cryostat

Detailed drawings and analysis results of the gravity
supports of the cryostat was provided to EU for the
manufacturing design. The support work for the detailed
design of the cryostat vessel body is ongoing to provide
the design conditions, functional requirements and
detailed drawings to EU. Three CIEMAT staffs stayed at
JAEA in July and August (2 staffs for one month), and
one JAEA staff visited CIEMAT in October for the
detailed design of the gravity supports. Issues with
respect to seismic loads coming from the vessel and
magnet supports was identified, which gives a base for
the detailed design of the gravity supports and the
cryostat body done by EU.

2.3.7 Cryogenic System

The total heat load was evaluated in time to provide as
design conditions for EU. Through the collaborative
works with EU, the conceptual design definition of the
cryoplant was conducted, including specific activities
such as 1) pre-sizing of the main refrigerators,
capacities storage and warm compressor sets, 2)
synthesis of thermal heats loads/summary of cryoplant
needs, and preliminary thermo hydraulic calculations, 3)
definition of process flow diagrams for cryoplant and
cryodistribution as well as the determination of the main

cryogenic equipments.

2.3.8 ECRF

JAEA exchanged necessary information with EU to
determine the detailed specifications, the outlines of
construction and test schedule, device layout and
interface design. The operational data and the general
site conditions for the ECRF system were provided to
EU. The procurement items for the gyrotron set, the
superconducting magnet and the high voltage power
supply were defined. The delivery boundaries, the JAEA
contribution on-site, the site conditions are being
revised and mutually agreed. The re-design of the
JT-60SA magnet has a direct impact on the ECRF
design, since the lowered main field should require, to

maintain the same physics goals, a decrease of the
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ECREF resonance frequency by an equivalent ratio. This
ECRF design change is presently under consideration
with EU-1As.

2.4 Coordination and Review Meetings

The PL organized the 1st Coordination Meeting in July
at Garching for the agreement of the functional
specifications and the discussion of project management
issues. The Project Coordination Meeting (PCM) had
been regularly held seven times in which management
and technical issues were discussed by PL and
FAE-1A/JAEA-Project Managers.

2.5 Reporting
The following documents were reported to the Steering
Committee (SC) and the Project Committee (PC).
2.5.1 Report to the SC
i) Ist SC Meeting (21 June, 2007);
a. “Structure of Project Team for the Satellite
Tokamak Programme”, BA SC 01-6.2.3.
b. “Executive Summary of Conceptual Design Report
on JT-60SA”, BA SC 01-6.3.3(a).
c. “Provisional Work Programme 2007 for the Satellite
Tokamak Programme”, BA SC 01-6.3.3(b).
i) 2nd SC Meeting (15 November, 2007);
a. “Integrated Organizational Structure and Actions
for Integrated Design Report”, BA SC 02-7.2.
b. “Provisional Work Programme 2007-2008 for the
Satellite Tokamak Programme”, BA SC 02-7.2.1.

2.5.2 Report to the PC
i) 1st STP-PC Meeting (10 August 2007);

a. “Progress and Status”, BA STP PC 01-6.

b. “Functional Specifications of Components”, BA
STP PC 01-7.1.

c. “Comparison of Functional Specifications with
those of JA-EU Satellite Tokamak Working Group
Report”, BA STP PC 01-7.2.

d. “Record of Conclusions Minutes of the 1st Meeting
of the Satellite Tokamak Programme Project
Committee”, BA STP PC 01-8.

i) 2nd STP-PC Meeting (31 March 2008);

a. "2007 Annual Report", BA STP PC 02-4.

b. "Provisional Project Plan of the Satellite Tokamak
Programme", BA STP PC 02-5.

c. "Update of Actions for Integrated Design Report",
BA STP PC 02-8.

d. "Record of Conclusions of the 2nd Meeting of
the Satellite Tokamak Programme Project
Committee", BA STP PC 02-12.

3. International Fusion Energy Research Center

3.1 Overview

For DEMO design, information exchange to obtain
common view of DEMO design concepts and
discussion on the common issues for DEMO basic
design was carried out. Regarding research and
development for DEMO design, survey and design for
experimental equipments, devices, etc., to be installed in
the facility at the Rokkasho site, had been carried out.
Also, Procurement Arrangement for the urgent tasks to
be implemented for DEMO R&D was made with the
EU Implementation Agency, and preliminary R&D had
been initiated.

“state-of-art”

computer for the Computational Simulation Centre,

To realize selection of a super
JAEA started examination of existing database for
selection of a supercomputer and choice of appropriate
benchmark codes with the Project Leader and the EU
Implementation Agency, in order to facilitate discussion
in the Special Working Group to be established by the
Steering Committee.

had been

completed in January 2008 and contracts for the

Detailed design of the buildings

constructions were made in March 2008 after all the
processes including making a procurement agreement of
the IFERC related buildings. Construction started in
spring 2008 and will be completed in March 2010.

3.2 BA DEMO Design

In FY 2007, Japanese and European experts met twice
to exchange their own views on DEMO design. In
particular, the first BA DEMO Design Workshop held in
2007 July in Rokkasho,
including

covered various topics

» objectives and organization of DEMO BA activity,

* fusion development strategy and the definition of
DEMO,

* key issues on DEMO physics, technology and
engineering,

» proposals on DEMO R&D.
In the workshop, it was recognized that DEMO

Design activity would be divided into at least two

phases and that workshops and technical meetings
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would be held in Phase One (first three years). Other
points of the discussion in the workshop are as follows:
1) DEMO physics basis and related issues were
discussed on the basis of the understandings of the
present experiments and computational simulations.
Since the physics basis should be validated in the ITER
first phase operation, the role of simulations for DEMO
physics assessment is expected to expand during BA
activity;

2) As to DEMO technology and engineering, it was
recognized that study or assessment on “maintenance
and blanket”, “performance of heating and current drive

EEIN3

system”,

CEINN A3

coolant”, “magnet”, and “divertor” would be
beneficial to develop a common DEMO design basis.

Considering the results of the workshop, the design
issues to be implemented as “Work Programme for
2008” were determined. Most of the issues are relevant
to the “design drivers and constraints” discussed during
the workshop. Amongst the other issues, which are
related with “system design”, the most critical design
issues cover the assessment of pulsed DEMO and a
parametric analysis of DEMO. The tasks are
summarized as follows:

i) Design drivers and constraints
* Physics : plasma shaping, positional stability of shaped
plasma, etc.
» Technology and engineering : magnet, CD system, EM
forces, maintenance, etc.

ii) System design
* Feasibility of pulsed DEMO
* Sensitivity study of design parameters

In the second workshop, the background on why
these issues were selected as tasks for 2008 was
explained. Japanese and EU’s stances on such tasks in
Phase One are on a voluntary basis. Thus, each Party
will contribute to every possible issue concerned with
its domestic DEMO design activity.

On the Japanese side, JAEA, CRIEPI (Central
Research Institute of Electric Power Industry) and
universities have attempted to solidify cooperative ties.
It was confirmed that effective use of cooperative
activities under the Fusion Energy Forum and bilateral
research cooperation between CRIEPI or a university

and JAEA should be promoted.

3.3BADEMO R&D
BA DEMO R&D activities are planned to implement

following 5 items;

1) R&D on Materials Engineering for DEMO Blanket
2) R&D on Advanced Neutron Multiplier for DEMO
Blanket

3) R&D on Advanced Tritium Breeders for DEMO
Blanket

4) R&D on Tritium Technology

5) R&D on Mechanical Properties of SiC/SiC

To effectively and smoothly start the DEMO R&D
coordination activities as a part of the IFERC project,
assessment and preparation of the activities as
mentioned above have been completed based on the
“Procurement Arrangement for the Initial Urgent Task
for the DEMO R&D for the International Fusion Energy
Research Centre”. Also the assessment and preparation
provided the information necessary to the DEMO R&D
Centre Building design to be completed by early 2008.
3.3.1 R&D on Materials Engineering for DEMO
Blanket
In R&D on Material Engineering for DEMO Blanket,
the optimization of fabrication technology of reduced
activation ferritic/martensitic steels (RAFM) is going to
be conducted. In Japan, F82H (Fe-8Cr-2W-V,Ta) will be
the material to be optimized.

In this R&D, impurity and inclusion control under
large scale fabrication process would be one of the key
issues to practically estimate achievable reduced
activation level in DEMO. Thus, it is important to assess
the currently available large scale fabrication
technologies for RAFM production, in order to plan the

detailed R&D activities.

Fig. V.3.3-1 F82H ingot before ESR.

In FY 2007, the vacuum induction melting (VIM)

of F82H in 5 tons followed by secondary refinement
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and forging was performed for this purpose as shown in
Fig. V.3.3-1. It was found that Electro Slag Remelting
(ESR) was required as for secondary melting process in
order to control unexpected impurities. Three slabs were
made as the wrought product as shown in Fig. V.3.2-2.

Fig. V.3.3-2 F82H slabs.

3.3.2 R&D on Advanced Neutron Multiplier for DEMO
Blanket

In 2007, the conceptual design of the beryllium
handling facility in the DEMO R&D Building was
carried out on the following items; (1) survey of all
regulations relevant to the beryllium (Be) handling
facility, (2) preliminary design work of the Be handling
facility, and (3) specifications of the Be handling
facility.

The size of the Be handling facility is 8m X 12m.
The electrodes made of beryllides such as Be;,Ti and
Be;,V will be fabricated in this facility. Be is a
hazardous substance, and it is necessary to get the
license to use it. Main items and values for the
regulation were determined for the conceptual design of
the Be handling facility. The maximum concentration of
Be must be less than 0.002 mg/m® according to a
Japanese law. This concentration is also adopted in the
International Program on Chemical Safety (IPCS).

Fig. V.3.3-3 shows the plan view of the Be handling
facility in the DEMO R&D building. The Be handling
facility will be composed of three areas, namely, the
controlled area for Be handling, the room of exhaust
system, and the entrance area.

The devices for manufacturing of beryllide
electrodes will be installed in this controlled area. The
devices for the manufacturing will be of tightly closed
structure. The frequency of ventilation in the controlled

area will be set at 16 times per hour. On the other hand,

the devices for the manufacture and the draft chambers
installed in the controlled area will be connected to a
local exhaust ventilation system. The local exhaust
ventilation system will be arranged in the room of
exhaust system. Beryllium will not be manufactured in
this room, so that the frequency of ventilation in this
room will be decreased to 4 times per hour. Entrance of
researchers and engineers will be administered in the
entrance area. This area shall not be contaminated by
beryllium, and will be segregated by an air shower when
the researchers and engineers go into the controlled

area.

12000
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Melting device ! ‘kj_ ‘“Ev
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7] : Controlled area for beryllium handling
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Fig. V.3.3-3 Plan view of the beryllium handling facility in
the DEMO R&D building.

3.3.3 R&D on Advanced Tritium Breeders for DEMO
Blanket

The equipment for production of advanced tritium

breeder pebbles will be installed in DEMO R&D

Building, in preparation for BA R&D works on lithium

ceramic pebbles.

In FY2007, feasible processes were examined for
dissolution, purification, raw-material preparation,
composition adjustment and pebble-forming processes,
in which 100 gram of spent lithium ceramic breeder
pebbles are introduced as a raw material, and purified
lithium ceramic pebbles can be eventually re-produced.
Approximate specifications were also investigated by
examining the dimension of apparatuses in these
processes and by selecting appropriate apparatuses.

Fig. V.3.3-4 shows a conceptual diagram of lithium
recovery process which is being studies in Japan. Step-1
(dissolving process) and step-2 (purification process)
were investigated so far in preliminary experiments.

Lithium recovery of more than 90% was attained by an
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aqueous dissolving method using HNOs, H,0, and citric
acid. Furthermore, decontamination efficiencies of ®°Co
were 97 — 99.9% using a new chemical adsorbent, i.e.,

activated carbon impregnated with 8-hydroxyquinolinol.

—
Step-1
Dissolving process | ¢

Chemical dissolution for Li recovery
Step-2

Purification process

Removal of irradiated impurities;
60Co, etc.
Absorbent for impurities

Recycle of

Step-3 Purified Li solution \
Li resource

i Control of
{ Control of main elements i b—' 613?7]3 8(2 Li/Ti ratio
Step-4 Fabrication of Li,TiO; pebble
Pebble fabrication *
process !
' Reproduced Li ceramics pebble ‘

Reuse in nuclear fusion
L___RE]E?.__J ' blanket module

Fig. V.3.3-4 Conceptual diagram of lithium recovery process

for the tritium breeder.

As for the pebble-forming process, conceptual
investigations were carried out for a rotating granulation
method to prepare the precursor of Li, TiO; pebbles with
a controlled Li/Ti ratio. The developed method should
be realizable based on a new process with simple
operation and reduced waste, and has a capability to
method. It s
summarized at this stage that further experimental

replace the conventional sol-gel
investigations on the production conditions are needed

together with selection of apparatuses and equipment.

3.3.4 R&D on Tritium Technology

It is essential for the R&D on tritium technology to
install the tritium handling equipment at Rokkasho. A
part of structural design for construction of DEMO
R&D Building was carried out by early 2008. To
provide a set of information of the tritium handling
equipment is one of the most urgent duties for the R&D
on tritium technology. The present R&D activity in
the field of tritium engineering is therefore focused on a
series of conceptual design of the tritium handling
equipment. As the result, a set of system concepts, brief
system configurations of the tritium handling equipment
have been decided through the design works: ventilation
concepts; monitoring systems; hoods and glove boxes;
tritium removal facilities; tritium waste water facilities;
etc. The of the

procedure and the schedule

above-mentioned R&D tasks were also examined.

A conceptual layout of tritium handling equipment
has been decided as shown in Fig. V3.3-5. There are a
radio control area and a cold experimental area. In the
cold area, a set of experiments of beryllium and breeder
materials will be carried out. The radio control area is
composed of a tritum handling area and some
experimental rooms for material studies. The radio
control and the cold areas are ventilated by two HVAC
(heating, ventilation and air conditioning) systems
separately. A conceptual layout of main components in
the tritium area has also been decided. To handle tritium,
there are glove boxes, hoods, a tritium removal system,
and a liquid waste system. The conceptual flow
diagrams of the HVAC and the tritium removal systems
have been then decided.

Based on the result in 2007, a work of the detailed
design of the equipment will be carried out in 2008. In
the detailed design studies, a layout, flow diagram, and
drawings of main components will be made. A
preliminary application form for the licensing will be
prepared as the results of this work.
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Fig. V.3.3-5 Conceptual layout of tritium handling equipment
in the DEMO R&D building

3.3.5 R&D on SiC/SiC Composites

A silicon carbide fiber reinforced silicon carbide
(SiC/SiC) composite is one of the attractive materials
for the high-temperature operating advanced DEMO
blanket. Of many composite types, a nano-infiltration
(NITE)  SiC/siC
composites is specifically considered as a main target
material in the R&D on SiC/SiC composites for the
DEMO R&D for the IFERC project. This task aims to
whether the NITE-SiC/SiC
sufficient to be used as a reference material throughout

transient-eutectic-phase  sintered

assess composite s
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the project.

According to the literature survey on the
“lab-grade” NITE-SiC/SiC composites, it is concluded
that the latest “lab-grade” NITE-SiC/SiC composites
can be satisfactorily utilized as reference materials in
the project due to the exceptionally
high-competitiveness. Based on this assessment, a
preliminary specification of  the reference
NITE-SiC/SiC composites was decided. With this
specification, two types of “pilot-grade” NITE-SiC/SiC
composites: unidirectional and cross-ply plates were
preliminarily produced and their fundamental material
properties were evaluated. Figures V.3.3-6 and -7 show
the outlook and the micro-structure of the unidirectional
NITE-SiC/SiC composite prepared as a reference
specimen.

Most fundamental requirements of these composites
were found to be in acceptable level, though the results
indicate that the present “pilot-grade” NITE-SiC/SiC
composites minor  modifications.

need some

Microstructural observation and tensile test results
specified key directions in optimization of the process
control from the following aspects: 1) fiber protection
during processing, 2) intra-bundle matrix densification,

and 3) control of fiber volume contents.

Fig. V.3.3-6 Picture of the unidirectional NITE-SiC/SiC
composite prepared as a reference specimen.

10 m
5 RS
Fig.  V.3.3-7  Micro-structure  of the unidirectional

NITE-SiC/SiC composite.

3.4 Fusion Computer Simulation Center

In FY 2007, a technical meeting on the CSC building
was held (September 7, CEA-Saclay, France) to reach a
consensus between Japan and Europe that the building
should be a two-storied one for the protection of super
computer system; the first floor is for the facility of air
conditioning and power supply; the second floor is for
the super computer with peripheral equipments. Also, it
has been confirmed that an electric power of 4.5 MW
and a space of 600 m’ should be enough for a super
computer with the peak performance of 1 Peta flops that
becomes available in 2012.

The second technical meeting was held from
December 10 to 12, 2007 at CEA-Saclay, and defined
the detailed list of items, summarized in a table with
appropriate future action items. Through the second
meeting, the followings are confirmed:

(1) The UPS (Uninterruptible Power Supply) system is
unnecessary for a super-computer since many
present-day and future super-computers are designed so
that they can shut down safely without UPS in case of
the power failure.

(2) The assessment of cooling systems, both air cooling
and liquid cooling, are continued so that they have
enough performance for the CSC super computer and
simultaneously meet the boundary conditions of the
CSC building, such as necessary space and necessary

electric power for itself.

3.5 Design and Construction of IFERC Buildings
In the fiscal year 2007, detailed design of the site
development was carried out and construction was
initiated. There are three buildings related to the IFERC
project, which are Administration & Research Building,
CSC&REC building and DEMO R&D Building. The
construction schedule is shown in Figure V.3.5-1.

Calendar year 2007 2008 2009 2010
Administration & Research Dstailed design C?HSITUCﬁOF\
Building
DEMO R&D Centre Detalod design et Construction
Bullding
Detaited design Construction
C€SC & REC Building [
IFMIF-EVEDA Accelerator Detalled design | ems Construction
Test Facility
Site Preparation (including * Detailad design Construction
‘water & electricity supply)

Fig. V.3.5-1 Design & construction schedule of Buildings and
Site Preparation, at the Rokkasho BA Site.
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Detailed design of the buildings and power station
at the Rokkasho BA site have been carried out. The
implementation design of the buildings started in Aug.
2007.

between the Implementation Agencies with the consent

Procurement Arrangement was concluded
of the Project Leader. Site development (uprooting,
flatting ground and construction of temporary road) was
completed in Sept. 2007, succeeded by the foundation
examination including boring core sampling/test. The
Administration & Research Building will be completed
in March 2009, and the other research buildings will be
completed in March 2010. The completion image of
the building of the DEMO R&D building is shown in
Fig. V.3.5-2.

Fig. V.3.5-2 3D image of the DEMO R&D building.

4. IFMIF/EVEDA

4.1 Overview

In the first year of IFMIF/EVEDA, the project team
consists of seven experts (4 expert from EU and 3
experts from Japan) and one support staff from Japan.
To procure the facility, goods, etc., which will be
required for the planned future activities, the following
items were implemented under coordination with the
EU Implementation Agency and the Project Leader.

1) Preliminary examination and detailed planning of
engineering validation of the accelerator components
(RFQ coupler and its control method),

2) Detailed design of the Prototype Accelerator
building and its auxiliary components (mainly high
voltage power supply),

3) Detailed plan for initial engineering research of the
lithium target, and

4) Detailed plan for initial engineering research of the
test cell.

Among those items, the implementation design of
the Prototype Accelerator building was completed in
January 2008.

4.2 Accelerator

4.2.1 Conceptual Design of an RF Input Coupler

RF input couplers using co-axial waveguide of a 4 1/16
inch and 6 1/8 inch were designed. The final size will be
decided by a high RF power test using a high-Q load
circuit. Configuration of the RF input coupler using the
size of 4 1/16 inch indicates in Fig.V.4.2-1.

Water Cooling Port

180100

REWindows
Fig. V.4.2-1 Configuration of an RF Input Coupler.

The RF input coupler consists of a taper waveguide,
an RF window and a water cooling port, respectively.
The taper waveguide length of less than A/4 and the
length of water cooling port of A/4 were designed. If it
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is possible to get cool the antenna tip by double a water
cooling circuit in the loop diameter, the water cooling
port is not necessary. For the RF window, a ceramics
disk made of Al,O; was located at the A/2, in order to
suppress electric field at the disk on no beam loading.

4.2.2 Conceptual Design of Control System

Conceptual design of Personal Protection System (PPS),
Machine Protection System (MPS) and Timing System
has been started. In 2008, the detail design will be
completed.

4.2.3 Design of IFMIF/EVEDA Accelerator Building

Implementation design of the accelerator building was
carried out and completed by the end of July 2007.
Discussion with EU Accelerator Sub-working Group
(ASG) was performed on the layout and neutron
shielding. It was concluded that the concrete thickness
of 1.5m is reasonable with the conditions of using a
local concrete shield of 0.5m-thickness and a water tank
of a lm-radius for beam dump. Layout of the
accelerator building with a floor area of 2,020m’ is
shown in Fig.V.4.2-2. The accelerator building consists
of Power supply area, Accelerator vault, Nuclear
Heating, Ventilation and Air Conditioning Area
(Nuclear-HVAC) system, Control room and so on. The

building construction will be completed in March 2010.

4.3 Target Facility

In FY2007, the engineering validation tasks were started
as conception phase including planning and conceptual
design, and analytical estimations were carried out in
the engineering design task, as follows.

4.3.1 Conceptual Design of EVEDA Lithium Test Loop
To validate safe stable long-time operation of a liquid Li
loop simulating IFMIF Li loop from viewpoints of
hydraulics and condition of impurities in Li, the
EVEDA Lithium Test Loop is constructed and operated.
The loop is operated for also other validation tasks for
flow diagnostics and Li purification system. To meet the
requirements, major specification of the loop were
determined as shown in Table V.4.3-1 and a target
assembly was conceptually design as shown in
Fig. V.4.3-1 [4.3-1].

Table V.4.3-1 Major Specification of EVEDA Li Test Loop.

Item Specification

Thickness of Li jet 25 mm
Width of Li jet 100 mm
Velocity of Li jet 20 m/s

250—62.5—-25 mm

min. 250 mm

250-300 °C

10 wppm (each H, C, N, O)
107 Pa (in Li operation)
10" Pa (without Li)

RAF (Back-plate),

316L (others)

Contraction of nozzle
Curvature of back-plate
Temperature of Li
Impurity control
Vacuum near Li flow

Materials
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Fig. V.4.2-2 Layout of the IFMIF/EVEDA Accelerator
Building.

Inlet Pipe

Ports for diagnostics,
observation, lighting

Contraction Nozzle

Back-Plate

Quench Tank

Fig. V.4.3-1 Target Assembly of EVEDA Li Test Loop.
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4.3.2 Thermal-stress Analysis of Back-Plate

A thermal-stress analysis using ABAQUS code was
performed for an engineering design of a back-plate of
the IFMIF target, which should have enough low
thermal-stress even under nuclear heating up to 25 W/cc
by the neutrons in IFMIF operation. Allowable stress
was 455 MPa for most part of the back-plate made of a
reduced-activation ferritic martensitic steel F82H and
328 MPa for circumference part made of 316L stainless
steel at 300 °C. In this analysis effect of thickness of
stress mitigation part: tgy was estimated.

Figure V.4.3-2 shows the von Mises stress of the
back-plate in case of tgyy = 2, 5, 8 mm. In the F82H part,
in any cases, the stress was < 170 MPa far less than
455 MPa. On the other hand, in the 316L part,
maximum stress 208, 326, 500 MPa was respectively
given at the stress-mitigation part with tgyy =2, 5, 8 mm.
The thickness: tgy should be 5 mm or more [4.3-2].

max. 326 MPa

max. 149 MPa

Stress-
mitigation
part

Fig. V.4.3-2 von Mises Stress of Back-plate (tg = 5 mm).

4.3.3 Dose Estimation of Lithium Loop

Behavior of beryllium-7 ("Be, the dominant radioactive
nuclide in IFMIF Li loop) was estimated considering
temperature gradient in the loop. The result showed that
most of "Be, 5.0 x 10" Bq, would be deposited on most
1/10-part of the heat exchanger.
Subsequent estimation using QAD-CGGP2R code for
dose equivalent rate showed that, without radiation
shielding, the rate would be 8.5 x 107 uSv/h, far higher
than a guideline of 10 uSv/h. Required thickness of
radiation shield made of lead was 8 cm [4.3-3].

downstream
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4.4 Test Cell Facilities
In Japanese work program, there are three subjects
correlated with each other.

4.4.1 Post Irradiation Examination Facility
Post
Examination (PIE) facility of IFMIF was summarized

Measurement  equipments  in Irradiation
and analyzed. In basic conditions of design of PIE
facility, it was thought that the PIE facility would treat
mainly with small specimens and a rig of high flux test
module (HFTM); In addition, the design of PIE facility
needs to consider the time schedules and allotments of
PIE tests inside and outside of IFMIF facility.

As described in Key Element Technology Phase, it
can list the kinds of the equipments for the PIE tests
which are necessary as below; cutter, welder, NaK
processing and pouring equipments, universal testing
machine, fatigue testing machine, slow strain rate
testing machine, compact Charpy impact tester with
thermostat, equipment for measurement of specimen
dimension, periscope, laser profile meter, specimen
preparation machines, optical microscope, micro
hardness tester, Ge and Si-Li gamma ray spectrometer,
immersion  density  equipment, furnace, other
equipments (measurement of magnetic property of
specimen, electric insulation of heater, electromotive
force of thermocouple, etc), shielded storage containers.
However, it should list furthermore the other important
PIE equipments as below; reloading instruments of
specimens and a rig of irradiation module, fracture
growth

measurement, SP test, hardness, automatic radiography,

toughness, creep, creep-fatigue, crack
micro y-scanning, chemical analysis, extraction residue
device, X-ray diffraction, FIB, etc. As a non-destructive
inspection, there is appearance inspection, X-ray
inspection, size measurement, y scanning and eddy
current flow detection, etc.

Conceptual design of the PIE facility will be
performed from 2008 to 2009. In addition, some
techniques of the PIE facility such as reloading process
will be examined. Engineering design of the PIE facility

will be performed from 2010 to 2013. In addition, some
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techniques of the PIE facility such as reloading process
will be examined. Engineering design of the PIE facility
will be performed from 2010 to 2013.

4.4.2 High Flux Test Module

The detailed engineering design of the High Flux Test

Module (HFTM) and the objective was discussed. In

Japan, the horizontal set-up HFTM was proposed as

shown in Fig.V.4.4-1. This becomes very useful for the

irradiation module at high temperatures about 1000°C.

The summarized work program is described as below;

(1) Conceptual design of heater-integrated plate and
capsule (H-I).

(2) Fabrication and basic performance tests of model of
H-1.

(3) Engineering design of prototype of H-1.

(4) Performance tests of prototype H-I in gas loop.

(5) Engineering design of full scale HFTM.

e

coolant ﬂnw/(He) )

[mm] /// 4 :
e

neutron flux

Fig. V.4.4-1 Horizontal set-up HFTM.

4.4.3 Small Size Test Technique

Work program of Small Size Test Technique (SSTT)

and the objective was discussed. The summarized work

program is described as below;

(1) Preparation for the standardization of test
methodology of small size specimen for fracture
toughness, fatigue and crack growth tests.

(2) Evaluation of extrapolating methodology of
experimental data on small size specimens to
standard size specimens.
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VI. Fusion Reactor Design Study

1. Progress in Compact DEMO Reactor Study

The design study of fusion DEMO reactor based on a
slim CS (center solenoid coil) concept has been
continued and still now be in progressing way. The
slim CS concept leads to low aspect ratio plasma. The
lower aspect ratio plasma is considered to have higher
plasma performance (high elongation plasma and high
beta) and then is considered to be preferable from
viewpoint of economical aspect. The size of CS coil
(radius of 75cm) is decided from the minimum
magnetic flux requirement of 20 volt-second.

The SlimCS reactor produces a fusion output of
2.95GW with a major radius of 5.5m, aspect ratio (A)
of 2.6, normalized beta (By) of 4.3 and maximum
toroidal field of 16.4T.

Among the design progress issues, two issues
concerning a plasma profile consistency and a tritium
breeding are given in the followings.

Since plasma parameters are determined by a
systems code based on a point model, the parameters
should be checked for
one-dimensional (1-D) code. For this purpose, an
ACCOME code [1-1] was used to investigate the
consistency between the assumed plasma profiles and

correctness  using a

key parameters such as Py, By, n/ngw, HHy2 and fg.
In the 1-D analysis, we attempted to find a solution
with g-profile other than strongly reversed shear (RS).
This is because strong RS does not seem to be
appropriate as the standard operation mode of SlimCS
from the points of view of disruptivity and the
controllability of q in the central region. Figure VI.1-1
shows a solution for weakly RS [1-2]. Although the
profile is not reasonably optimized because of a single
ECRF beamline, the following information was
obtained from the analysis:

1) Most of the design parameters by the point model
are consistent with the 1-D calculation;

2) The location of NBCD is restricted to the
peripheral region because of beam attenuation
even for 1.5 MeV NB;

3) Use of ECRF as the main CD tool requires a high
CD power due to its lower current drive efficiency
than NBCD.

In addition, the calculation indicates that g-profile
control in the central and peripheral regions is
important to maintain the bootstrap fraction around the

design value for various density and temperature
profiles. For example, suppose that the BS current
around an internal transport barrier is dominant. Then
fgs is strongly dependent on g-value around the ITB,
i.e., the total current driven inside the ITB. For this
sense, q-profile control can be key technology to
maintaining fgs at a design value in fusion plasma
especially with high fgs. In connection to this, the
interplay between q-profile and pressure profile
(including ITB structure) will be an essential issue
governing the controllability on fgs. A concern about
the analysis is consistency between the obtained
g-profile and the given density/temperature profiles.
This is an open question to be resolved with further
understanding on plasma transport. The result that even
1.5 MeV NB deposits in the peripheral region suggests
the necessity to reconsider the role and beam energy of
NBI. A possible idea for it is to use lower energy (e.g.
~0.5 MeV) NBI for driving plasma rotation as well as
peripheral beam current.
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Fig.VI.1-1 Example of weakly RS with consistency between
pressure and current profiles

Another issue is a systematic analysis of tritium
breeding ratio (TBR) based on a one-dimensional
neutronics code THIDA with FENDL2.0 library.
Findings of the analysis are:



JAEA-Review 2008-061

« The required TBR is satisfied when °Li is enriched to
about 70% for water-cooled solid pebble breeding
blanket consisting of Li,TiO; and Be;

* When °Li is enriched up to 40% or more, there is no
difference about TBR between Li,TiO; and Li,ZrOs;

» Sector-wide copper conducting shell with lcm in
thickness, which is placed in between replaceable
and permanent blanket for vertical stability and high
beta access of plasma, can be replaced by 7cm-thick
reduced activated martensitic steel (F82H) with a
slight decrease in TBR. This means that the torus
configuration of SlimCS can be simplified by a
modification of the structure of permanent blanket
made of F82H.

When the actual tritium production is larger than

expected, for example by 5%, surplus production of

tritium amounts to about 25 g/day, which will be
extracted from the fuel cycle system and stored in the
on-site fuel storage. Since the surplus production of
tritium reaches 9 kg for one-year operation, an in-situ

TBR control method will be required to avoid

excessive production. Borated-water is promising for

the purpose in that water borated with 0.7 wt% of

H;BO; reduces the local TBR by 0.07 as shown in

Fig.VI.1-2, corresponding to a reduction of 0.05 in the

net TBR. This indicates that borated-water injection

into coolant is useful as in-situ TBR control.
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Fig.VI.1-2 Local TBR as function of the concentration of
H;BOj in coolant.
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2. Numerical Study on Beta Limit in Low Aspect

Ratio Tokamak
The critical beta of low aspect ratio tokamak for
toroidal mode number n=1 is analyzed by using
MARG2D code developed in JAEA, which solves
2-dimensional Newcomb equation as an eigen-value
problem [2-1].

The maximum stable beta value is considered to be
mainly limited by RWM mode that is induced by ideal
kink ballooning mode, and we analyze the ideal kink
ballooning mode as a first step. As for the equilibria,
typical up-down symmetric configuration of SlimCS
(elongation : k=2.0, triangularity : 8=0.36) is used, and
the profiles of plasma current and pressure are obtained
from the correlation function using the experimental
profile data of JT-60U plasma with ITB (Internal
Transport Barrier) [2-2], where the minimum values of
safety factor are set to be greater than 3. Critical
normalized beta 2.7 is obtained in the case of no ideal
wall. To obtain stable Py=4.3 SlimCS plasma, the
conformal ideal wall must be placed at the position of
1.2 times plasma minor radius (Fig.VI.2-1). Profile

optimization is necessary to obtain higher critical

- normalized beta.
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SUZUKI Takashi (*22)
YOKOKURA Kenji

NBI Heating Group
IKEDA Yoshitaka
AKINO Noboru
HONDA Atsushi
KAZAWA Minoru
KOMATA Masao
OOASA Kazumi
SHIMIZU Tastuo (*21)
TANAI Yutaka (*22)

Safety Assessment Group
MIY A Naoyuki
SUKEGAWA Atsuhiko

(Unit Manager)
(Senior Principal Researcher)

(Senior Principal Researcher)

(Group Leader)

HOSOYAMA Hiromi (*8)
MATSUKAWA Tatsuya (*21)
SATO Tomoki (*31)
SHIMADA Katsuhiro
TERAKADO Tsunehisa
WADA Kazuhiko (*¥22)

(Group Leader)

HAGA Saburo (*¥21)
KAMINAGA Atsushi
NISHIYAMA Tomokazu
SATO Yoji (*21)

(Group Leader)
HASEGAWA Koichi
MORIYAMA Shinichi
SHIMONO Mitsugu
TERAKADO Masayuki

(Group Leader)
EBISAWA Noboru
KAMADA Masaki (*23)
KIKUCHI Katsumi (*22)
MOGAKI Kazuhiko
OSHIMA Katsumi (*21)
SHINOZAKI Shinichi
USUI Katsutomi

(Group Leader)
HAYASHI Takao
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KAMIKAWA Masaaki (*10)
OHMORI Yoshikazu
SEIMIY A Munetaka (*1)
SUEOKA Michiharu
TOTSUKA Toshiyuki

ICHIGE Hisashi
MATSUZAWA Yukihiro (*21)
OKANO Fuminori

SUZUKI Yozo (*4)

IGARASHI Koichi (*21)
SATO Fumiaki (*21)
SUZUKI Sadaaki
WADA Kenji (*21)

HANADA Masaya

KAWAI Mikito
KOBAYASHI Kaoru (*4)
NOTO Katsuya (*21)
SASAKI Shunichi
TAKENOUCHI Tadashi (*29)

OIKAWA Akira (*1)
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Division of Fusion Energy Technology

TAKATSU Hideyuki
NISHITANI Takeo

Blanket Technology Group
AKIBA Masato
ENOEDA Mikio
HOMMA Takashi (*1)
SEKI Yohji (*¥23)
TANZAWA Sadamitsu

Plasma Heating Group
SAKAMOTO Keishi
INOUE Takashi
DAIRAKU Masayuki
KASUGALI Atsushi
KOMORI Shinji (*¥22)

TAKESHIMA Yuichirou (*5)

UMEDA Naotaka

Tritium Technology Group
YAMANISHI Toshihiko
ARITA Tadaaki(*26)
INOMIY A Hiroshi(*22)
KAWAMURA Yoshinori
SHU Wataru

(Unit Manager)
(Senior Principal Researcher)

(Group Leader)
EZATO Koichiro
MOHRI Kensuke (*12)
SUZUKI Satoshi
TSURU Daigo

(Group Leader)
(Deputy Group Leader)
IKEDA Yukiharu
KAJIWARA Ken (*25)
OMINE Takashi (*31)
TANIGUCHI Masaki
WATANABE Kazuhiro

(Group Leader)

HAY ASHI Takumi
ISOBE Kanetsugu
KOBAY ASHI Kazuhiro
SUZUKI Takumi

Fusion Structural Materials Development Group

TAKATSU Hideyuki
TANIGAWA Hiroyasu
ANDO Masami
SAWAHATA Atsushi (*3)

Fusion Neutronics Group
KONNO Chikara
ABE Yuichi
KUTSUKAKE Chuzo
OHNISHI Seiki (*25)
TANAKA Shigeru

Blanket Irradiation and Analysis Group

HAY ASHI Kimio
NAKAMICHI Masaru
HASEGAWA Teiji (*22)

(Group Leader)

(Deputy Group Leader)
NOZAW A Takashi (*25)
NAKATA Toshiya (*18)

(Group Leader))
IIDA Hiromasa (*1)
OCHIAI Kentaro
SATO Satoshi

(Group Leader)
HOSHINO Tsuyoshi
NAMEKAWA yoji (*22)
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HIROSE Takanori
NISHI Hiroshi
TANIGAWA Hisashi
YOKOYAMA Kenji

KASHIWAGI Mieko
KOBAYASHI Noriyuki (*30)
TAKAHASHI Koji

TOBARI Naoyuki (*¥25)
YAMAMOTO Masanori (*4)

HOSHI Shuichi(*22)
IWAI Yasunori
NAKAMURA Hirofumi
YAMADA Masayuki

OGIWARA Hiroyuki (*¥23)

KAWABE Masaru (*22)
OKADA Koichi (*¥28)
TAKAKURA Kosuke (*21)

YONEHARA Kazuo (*9)
TSUCHIYA Kunihiko



Division of ITER Project
YOSHINO Ryuji

ITER Project Management Group
KOIZUMI Koichi
NEYATANI Yuzuru
KITAZAWA Siniti
KOIKE Kazuhisa (*21)
SATO Kazuyoshi

ITER International Coordination Group

MORI Masahiro

ANDO Toshiro

OIKAWA Toshihiro
ITER Tokamak Device Group

SHIBANUMA Kiyoshi

KAKUDATE Satoshi

TAGUCHI Kou (*22)
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(Group Leader)

(Deputy Group Leader)
IWAMA Yasushi (*21)
YAGUCHI Eiji (*13)
HIGUCHI Masahisa (*27)

(Group Leader)
(Deputy Group Leader)
ODAJIMA Kazuo (*1)

(Group Leader)
KOZAKA Hiroshi (*21)
TAKEDA Nobukazu

ITER Superconducting Magnet Technology Group

OKUNO Kiyoshi
NAKAJIMA Hideo
HAMADA Kazuya
KAWANO Katsumi
NABARA Yoshihiro
NUNOYA Yoshihiko
OSHIKIRI Masayuki (*22)
SHIMIZU Tatuya (*13)
TSUTSUMI Fumiaki (*31)

ITER Diagnostics Group
KUSAMA Yoshinori
FUJIEDA Hirobumi
KAJITA Shin (*25)
OGAWA Hiroaki
YAMAGUCHI Taiki (*¥23)

Division of Rokkasho BA Project
OKUMURA Yoshikazu

BA Project Promotion Group
OHIRA Shigeru
EJIRI Shintaro

(Group Leader)

(Deputy Group Leader)
HEMMI Tsutomu
KOIZUMI Norikiyo
NAKAHIRA Masataka
OHMORI Junji (*30)
SEO Kazutaka (*19)
TAKAHASHI Yoshikazu

(Group Leader)

HAY ASHI Toshimitsu (*20)
KAWANO Yasunori

SUGIE Tatsuo
YAMAMOTO Tsuyoshi (*8)

(Unit Manager)

(Group Leader)
(Deputy Group Leader)
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(Unit Manager)

SENGOKU Akio (*21)

'SATO Koichi (*31)

MATSUMOTO Yasuhiro (*30)

ISONO Takaaki

MATSUI Kunihiro

NIIMI Kenichiro (*11)
OKUI Yoshio (*14)
SHIMANE Hideo (*13)
TAKANO Katsutoshi (*¥22)

ISHIKAWA Masao (*25)
KONDOH Takashi
TAKEI Nahoko (*¥23)



BA Project Coordination Group
OHIRA Shigeru
TAKEMOTO Junpei (*10)

IFMIF Development Group
OKUMURA Yoshikazu
NAKAMURA Hiroo
ASAHARA Hiroo(*21)
KIKUCHI Takayuki
MIYASHITA Makoto (*30)
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(Group Leader)

(Group Leader)

(Deputy Group Leader)

IDA Mizuho (*6)

KOJIMA Toshiyuki(*21)
YONEMOTO Kazuhiro(*10)
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MAEBARA Sunao
KUBO Takashi (*15)
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A.3.2 Staff in ITER Organization and Project Teams of the Broader Approach Activities

ITER Organization
Office of Director-General

MATSUMOTO Hiroshi (Head)
Project Office

TADA Eisuke (Head)

Department for Administration
IDE Toshiyuki

Department for Fusion Science & Technology
SHIMADA Michiya

Department for Central Engineering & Plant Support
MARUYAMA So

Project Teams of the Broader Approach Activities
International Fusion Energy Research Center

ARAKI Masanori (Project Leader)

Satellite Tokamak Programme

ISHIDA Shinichi (Project Leader)
FUJITA Takaaki KIMURA Haruyuki OSHIMA Takayuki
SEKI Masami TAMALI Hiroshi
IFMIF EVEDA
SUGIMOTO Masayoshi (Deputy Project Leader)
NAKAMURA Kazuyuki SHINTO Katsuhiro(*25)
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A.3.3 Collaborating Laboratories

Tokai Research and Development Center
Nuclear Science and Engineering Directorate

Irradiation Field Materials Research Group

JITSUKAWA Shiro (Group Leader)
FUJII Kimio OKUBO Nariaki
WAKALI Eiichi YAMAKI Daiju

Research Group for Corrosion Damage Mechanism
MIWA Yukio

Quantum Beam Science Directorate
Nanomaterials Synthesis Group
TAGUCHI Tomitsugu

QOarai Research and Development Center
Technology Development Department

MIYAKE Osamu (Deputy Director)

Advanced Liquid Metal Technology Experiment Section
YOSHIDA Eiichi (General Manager)
HIRAKAWA Yasushi

Advanced Nuclear System Research and Development Directorate

Innovative Technology Group
ARA Kuniaski (Group Leader)

OTAKE Masahiko
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TANIFUJI Takaaki
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*1 Contract Staff

*2 Customer System Co., Ltd.

*3 Ecole Polytechnique (France)

*4 Hitachi, Ltd.

*5 Ibaraki University

*6 Ishikawajima-Harima Heavy Industries Co., Ltd.
*7 JP HYTEC Co., Ltd.

*8 Japan EXpert Clone Corp.

*9 KAKEN Co., Ltd.

*10 Kandenko Co., Ltd.

*11 Kawasaki Heavy Industries, Ltd.

*12 Kawasaki Plant Systems, Ltd.

*13 KCS Corporation

*14 Kobe Steel, Ltd.

*15 Kumagai Gumi Co., Ltd.

*16 MAYEKAWA MFG. CO., LTD
*17 Mitsubishi Heavy Industries, Ltd.
*18 Muroran Institute of Technology
*19 National Institute for Fusion Science
*20 NEC Corporation

*21 Nippon Advanced Technology Co., Ltd.
*22 Nuclear Engineering Co., Ltd.

*23 Post-Doctoral Fellow

*25 Princeton Plasma Physics Laboratory (USA)

*24 Research Organization for Information Science & Technology
*25 Senior Post-Doctoral Fellow

*26 Sumitomo Heavy Industries, Ltd.

*27 The Japan Atomic Power Company
*28 Tohoku University

*29 Tomoe Shokai Co., Ltd.

*30 Toshiba Corporation

*31 Total Support Systems
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