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In April-May the discussion of the Outline Design Report materials for the
ITER-FEAT was organized in Russia. The discussion was held by three leading
institutes - Kurchatov Institute (plasma physics, safety, auxiliary heating and
diagnostics), Efremov Institute (electrophysical systems and engineering structures)
and RDIPE (blanket) with participation of independent experts from leading RF
institutions and enterprises involved in the ITER project.

On the whole the project has been highly appreciated. Despite very short time
given for its preparation it appears to be sufficiently consistent.

Nevertheless, the Russian specialists (independent experts including) have made
some remarks and recommendations with the aim to improve the Project.

COMMENTS ON DIFFERENT PROJECT SYSTEMS

I. Plasma Physics, Auxiliary Heating, Plasma Diagnostics

Plasma Physics

. 1. Ion cyclotron frequency range

1.1. It is important to stress the particular role of the ICRF system in the prolonged
(several years) non-active ITER operation phase (mainly the hydrogen plasma)
permitting several viable problems to be solved.

In this period the favorable possibility exists to model the behaviour of alpha-like
energetic ions population in H(He-3) scenario (small amount of resonant He-3 ions in
the bulk hydrogen plasma, with mass ratio being the same as for the D/T plasma) at
effective temperatures and populations close to classical alpha-particles in the D-T
phase with the aim to investigate:

classical or non-classical power transfer of energetic «alphas» to electrons and
ions (numerous statements about the «classical» behaviour in TFTR and JET are
not convincing because of a low level of alpha power and non-reactor-relevant
amount of alpha population in these experiments) due to possible collective
phenomena (TAE mode).

- alpha-like particle transport

- the effect of collective phenomena, e.g. MHD instabilities like TAE, and other
modes on alpha-particle transport even in the non-active phase. This provides a
possibility to modify (enlarge) the ICRF complex in case of anomalous alphas
losses (if any).
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In our opinion it is necessary to include some of these statements in ODR Section
1.2.5.4 (Summary of H/CD system capability).

1.2. Mode-converted off-axis ICRF CD

This scenario is becoming even more attractive in the ITER-FEAT in comparison to
the large ITER due to a smaller major radius of the machine. Recall that the mode
conversion efficiency depends on the radial distance between the «heavy minority
hybrid resonance - cut-off» pair. This length is proportional to the major radius R and
minority ions density, so the conversion efficiency (due tunneling of Fast Wave) even
at a large «minority» content (tritium) rises by a factor of 1.5. The diffraction effects
increase additionally the conversion efficiencies (results of full wave STELION code).

In the non-active ITER phase the mode-converted CD efficiency additionally rises
strongly due to much smaller «heavy» ion content can to be used and position of
resonance to be located at far inside outer plasma parts. In this far inside plasma parts
the population of trapped electrons is significantly decreased, thus increasing
additionally the CD efficiency (in comparison with the ECRF CD method which can
not work in the far-inside plasma region because of parasitic absorption on the second
or third harmonics).
We stress that the TFTR experiments with small and moderate amounts of tritium have
made clear the current profile modification in the ICRF scenario.
The typical scenarios H(5-10%He4) or H(5-10%D) are very promising for NTM
stabilization with excellent localization (see our report made at the H/CD ITER
Meeting, Cadarach, September 1999).

Finally, we conclude that ODR statement in Section 1.2.5.4 «IC off-axis current drive
is not viable in ITER-FEAT because the mode conversion process yields a very low
efficiency under relevant plasma conditions» is erroneous and definitely must
modified.

1.3. In Chapter II. Section 7, page 10, in subsection 1.7.2.3.1 «Operating scenarios
(ICRF)» the statement «A large experimental data base is available for D majority at
the He-3 fundamental in the «reversed» minority schemes» is misunderstanding in
claiming the «D majority» for reversed schemes. More correct would be to say: «H
majority*, with the rest of the sentence remaining unchanged (because He-3 is «light»
minority for the bulk deuterium plasma!). Really, such H(He-3) scenarios were really
studied many times (Asdex-U - recently).

2. LH system

It is well-known that the LH frequency range method has many unsolved physical and
technical problems. Among physical problems there are the following:

- coupling problem (epy plasma with specified parameters must be very close to the
antenna mouth («grill»)) is very difficult for large machines and especially for ITER
(in Asdex tokamak incorporation of 2(!) mm graphite frame completely eliminated
coupling of RF power to the plasma). Nevertheless, in TS with a plasma-grill gap
of ~ 10 cm the coupling was attained (with a «local plasma branch» formed
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between the grill and the plasma). It is very difficult to predict f such a «branch» in
the divertor ITER plasma.

«spectral gap» problem, when imposed waves were very fast (~ c/2) and the
plasma did not have such resonating electrons, nevertheless, the driven current was
effectively created. The physics of this phenomenon was not understood clearly.
The opinion that in ITER with its very hot plasma «such gap problem» will be
absent is not an answer, because something might happen again, e.g. generation of
very slow- own waves with reduced CD efficiency, etc.

There are also technical problems, as, for example:
- At planned 5 GHz frequency the antenna (grill) has a very delicate multi-

structure (toroidally several mm) of small waveguides with thin walls (2 mm).
What would happen with such an antenna during a single plasma disruption is
easily predictable. Bump limiters can eliminate coupling (see above). Erosion also
can be a problem for such LH antenna.

- Possible is the generation of relativistic electrons on the plasma boundary followed
by a probable carbon/beryllium «blum» of local spots on the first wall (JT-60
experience, 1988 ITER CDA meetings) or ~ cm holes creation at divertor plates in
Asdex, Alcator C, problems with metal and low Z material limiters.

In our opinion it is necessary to say something about these problems (ways how these
problems are planned to overcome in ITER-FEAT) in Technical Basis ODR report,
even though some promising results on MHD stabilization are obtained on some
machines.

3. List of tasks proposed for the self-consistent 1.5-dimensional transport
simulation

3.1 . Low Hybrid Heating and Current Drive
To provide the steady state operation in the ITER FEAT it would be necessary

to improve the confinement in respect to the H-mode. In present-day experiments such
improvement is obtained in the Reversed Shear (RS) plasma configurations.

To create the Reversed Shear configuration in the ITER-FEAT plasma it would
be necessary to use some efficient technique to generate non-inductive current near the
edge. It was proposed to use LHCD for this purpose.

It is necessary to create the numerical model to describe the LHCD in a
realistic manner. The necessary power and LHCD system parameters should be
obtained with this model by the self-consistent 1.5D transport simulations.

3.2. Plasma Fuelling
In present day experiments it was obtained that pellet penetration from the high

magnetic field side is much higher than from the low field side. Deep pellet fuelling
could be attractive in ITER FEAT for particle profile control and increase of the
discharge duration (due to the bootstrap current increase).

A realistic model (when available) should be incorporated into the 1.5D
transport code to describe the deep pellet penetration. Optimization of the discharge
scenario should be carried out.
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3.3. Comparative Transport analysis
Several transport models are under consideration by the ITER Expert Group.

All these model give similar accuracy to describe the present-day experiments.
It would be necessary to carry out the predictive comparative 1.5D

transport simulations of the ITER scenarios at least for a few most predictive
models to estimate possible operational space and its peculiarities at least for the
basic scenario.

3.4. Auxiliary heating and current drive

In routine calculations of the ITER FEAT scenarios the auxiliary heating
system parameters are supposed to change gradually and independently.

It would be necessary to clarify the influence of the real possibilities of the
auxiliary heating systems on the basic plasma scenarios.

At present 1CRH heating and current drive technique is considered as an alternative to
the NBI. They are exepceted to transfer more power to ions than other techniques.

It would be necessary to carry out the comparative analysis of RF and
NBI with the realistic system parameters to determine the real advantages and
disadvantages of all of them.

3.5. In the most part of the present-day experiments plasma fuelling is caused by the
particle sources distributed in the plasma core (such as NBI). Power sources are also
distributed in the core. So, for this sort of fuelling the particle confinement time could
be considered as similar to the energy confinement time. And plasma transport model
accuracy at the edge has no too strong influence on the predictive simulations.

The reactor plasma is supposed to be fuelled by the neutral flux from the edge.
For high density reactor plasmas the neutral penetration length (density gradient zone)
is lower or about the pedestal width. So, the accuracy of the particles transport model
at the edge plays the crucial role (particularly for the required plasma fuelling and for
the analysis of the divertor capabilities.)

It would be necessary to carry out studies of the requirements for the
divertor and plasma fuelling for different types of the edge density transport
models.

4. Simulation of the plasma evolution at the initial discharge stage and during
disruption.

4.1. Now the analysis of plasma shape control scenarios for ITER in minor disruption
cases is being carried out with use of independent drops of pn and /, . But in reality
these values depend on each other. In this case it would be much better to consider a
drop of plasma pressure instead of /}p drop.
4.2. It is not correct to specify for the plasma current ramp-up analysis only one value
of plasma internal inductance equal 0.85. Non-linear simulations show that during the
plasma current ramp-up stage a plasma internal inductance value can change within 0.5
- 1.0 for different time moments.
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4.3. It would be necessary to study the question of range value of angle of runaway
electron incidence on the first wall during major disruption phenomena

5. On the ferromagnetic insertions effect on ITER plasma performance.

As it was noted in ODR, reduction of the toroidal field ripple amplitude by a
factor of 2 will be necessary to protect plasma phasing components against extremely
high heat loads produced by alpha particle ripple loss in reversed shear operation
regimes. Such a reduction is supposed to be achieved by means of installation of the
ferromagnetic insertions (FI) close to the plasma column. Preliminary analysis of the
idealistic FI construction made at the Efremov Institute has shown that necessary
reduction of the main harmonic of ripple perturbation can be realized in ITER-FEAT.
However, first, due to the proximity of the FI to the plasma and, second, due to the
deviation of the realistic FI construction from the ideal toroidal symmetry other
harmonics of ripple perturbation will appear in the plasma. For alpha particle (and
other super-thermal ion) ripple loss the most dangerous seems to be additional
perturbation with toroidal number of 2N, (where N is the number of Toroidal Field
Coils (TFC)). Apparently, it was the 2N additional ripple perturbation that was
responsible for unexpectedly low reduction of the neutral beam ion ripple loss after
installation of FIs in the recent JFT-2M experiments. On the other hand, there is a
series of principal obstacles like a port existence, which will broke toroidal symmetry
of the FI array and, as result, will produce the spectrum of harmonics with lower
toroidal numbers. Besides, positioning of the ferromagnetic materials close to the
plasma can affect also MHD stability of ITER discharges, in particular, development of
the Resistive Wall (RW) and Neoclassical Tearing Mode (NTM) instabilities.
Therefore, the following problems should be carefully examined:

1) Toroidal and poloidal spectrum of the perturbative magnetic field created by
realistic set of FIs in ITER-FEAT should be calculated

2) Ripple loss of fast ions should be estimated with allowance for the existence of
additional ripple harmonics

3) Effect of the FIs on the NTM, RW and other MHD modes should be
examined

Estimations 2) and 3) then can be considered as criteria for further optimization of FI
construction.

Auxiliary Plasma Heating

Remarks on ODR (Chapter II.7 Heating and Current Drive and Section II.7.2.2
- Electron Cyclotron System)

1. In the Introduction, Section II.7, the functions of the auxiliary heating and
current generation systems at different ITER-FEAT operation phases are presented:

a) Pre-ionization and current start-up
b) Attainment of H-mode.
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c) Heating of the axial plasma.
d) On- and off-axis CD.
e) Stabilization of MHD-modes, sawtooth oscillations and neoclassic tearing

modes (NTM).
f) Control of total current profile to provide the regimes of enhanced

confinement (inner transport barrier).
It is stated also that the fulfillment of these functions requires different systems

of auxiliary heating to be combined:
a) neutral injection with power P = 30 MW
b) three high-frequency heating systems:

-ICRH
-ECRH
- L H
with a total power of 20 MW (with subsequent increase in power up to

100 MW).
But the analysis of the optimal choice of auxiliary heating and current

generation systems for fulfillment of one or other specified function is complicated,
since:

1.1 Many parameters to be attained for fulfillment of a specified function are
not given, for example, the current profile and non-inductive current profile for
attainment of the enhanced confinement and steady-state operation of the ITER FEAT.

1.2. It is not indicated, precisely what systems of auxiliary heating and current
generation are planned to be used for fulfillment of the specified function, or the
systems are assumed to be chosen during experiments on the ITER-FEAT.

1.3. It is not indicated, whether several systems will perform simultaneously the
specified functions, for example the realization of the specified nonmonotonous current
profile j(r) (and, hence, q(r)) by ECCD and LHCD.

1.4. If the system for heating and CD is assumed to choose in the phase of
experimental ITER-FEAT operation, it would be desirable to analyze in ODR
advantages and disadvantages of the systems to be used for fulfillment of a particular
function and the problems to be solved to choose the system.

1.5. It might be well (for the analysis of the optimal choice of the systems) to
separate the basic functions into different operation phases of the ITER-FEAT:

a) the main phase with achievement of the specified value Q;
b) operation with achievement of the steady-state conditions.

2. Remarks on Section H.7.2.2
2.1. Section II.7.2.2.1 and Table II.7.2.2-1 show that the A-type lead should

provide various functions, some of which can be performed simultaneously.
Therefore, to analyze the possibility to perform the specified functions it would

be useful to present the EC-system scheme stating the geometry, the distribution of
toroidal and cp and poloidal 9 angles over different waveguide lines with power
distribution, the tasks to be accomplished by one or another part of the EC-system
(subsystem).

Otherwise the uncertainties, as pointed out below, might arise:
2.2. As stated in Section 2.1 and Table 2-1, the upper port and B-type lead are

intended to stabilize NTM. This separation between the A-lead through the equatorial
port and B-lead through the upper port is made with the aim to control only one angle
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(toroidal <p or poloidal 0) for the given lead. At the same time the leads for two ports,
i.e. equatorial and upper, are given in Table 2-3 describing the NTM stabilization
system. Still the question remains uncertain whether these two systems are alternative,
between which the choice is to be made later, or they work simultaneously. In the
latter case the total power of the NTM stabilization system is 55 MW, this falling
outside the limits of the assumed increase in the total power up to P = 100 MW. The
matter is that the NTM stabilization system should work simultaneously with the
heating system, for which the neutral injection is assumed to be used.

2.3. In Table 2-2 describing the parameters of the A-lead (through the
equatorial port) three functions are given, which are likely to be performed
simultaneously, i.e. on-axis CD, off-axis CD (at r/a = 0.6) and on-axis H.

In this connection the following questions arise:
a) The experience of the preceding ITER project shows that it is not sufficient

to indicate the off-axis CD at r/a =0.6 in order to analyze the possibility for realization
of the given profile of the total j(r) or non-inductive JCDW current.

b) What is meant by the power value given in the last column of Table 2-2?
Since the toroidal angles (p are different, it means that three functions indicated in the
first column of the Table should be performed by different subsystems, and hence, it is
necessary to know the distribution of power between these subsystems.

The above underlines the need for the EC-system scheme with separation into
subsystems, with the parameters of these subsystems, the functions these subsystems
should perform, stating the simultaneity of their fulfillment and distribution of power
between the subsystems. In this case it is necessary to indicate also with what other
heating and current generation systems these EC-systems should simultaneously work.
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NBI System

NEUTRALIZER
Injectors of deuterium atom beams currently under development for ITER

plasma heating and current drive are based on the idea of negative ion acceleration and
further neutralization with a gas neutralizer. The replacement of the gas neutralizer
(GN)by the plasma one should increase the NBI efficiency.

The advantages of PN over GN are associated with a higher neutralization
efficiency at a lower target linear density:
• High neutral beam power can be obtained from a given accelerated ion beam

power.
The numbers are as follows: the GN maximal efficiency is 61%, the PN maximal
efficiency is 85%. So the efficiency increasing coefficient will be 1.4 . It means
that instead of 16.7 x 2 = 33.4 MW we could inject 33.4 x 1.4 = 46.8 MW. This is
not so far from 50 MW that might add the third injector.

• Lower power evolution to the residual ion dump.
• Lower gas flow into the beamline (by a factor of five).
The main disadvantage: PN will complicate the injector, possible is reduction of
reliability.
There is a risk factor: the extrapolation from the present results at PNX-U to PN-
ITER is high. It means that an intermediate step (PNX-SU) is necessary to minimize
the risk.

Axial length, 1
(m)

Volume, V (mJ)
Line density, nl

(x 1014crn2)
Plasma density
(x IOl2cm"3)
Ionization degree
power, (kW)
frequency, (GHz)

Conductor type
Magnetic field,

(T)

PNX-U

Achieved Design
2.5

0.5
1.8 1.4

1 0.6
(-1.5 n,.u,,,,T)

>0.25
50

7 (Klystron)
Normal conducting (Cu)
0.36 0.5

PNX-SU
intermediate step

? 2 m

~ 1.5
13

7

0.3
50

24 (Gyrotron)

PN ITER

3

10
20

7

>0.3
500

24 (Gyrotron)
Super conducting (NbTi)

1

JX-SU ought to be constructed as soon as possible. Its objectives are:
to achieve plasma parameters close to those necessary for PN-ITER.
to verify the analytical models physical data base used for the design of PN-ITER
to check the PN-ITER design structure which will be as similar to that of PNX-U
as possible,
to gain technological and operational experience.
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Cost estimate
PNX-SU : the device and two gyrotrons with associated power supplies: k$582
PN-ITER : Very preliminary and nonofficial estimation made by E. Di Pietro (JCT)
for two PN units 5.6 klUA vs. 63 klUA for the third injector.

Residual Ion Dump (RID)
The reference design of the ITER NBI includes the RID device based on

electrostatic deflection of the residual ions. Although the RID design is well
substantiated physically, there is no engineering experience in operations of such an
electrostatic device at full-scale parameters. It seems reasonable to consider an
alternative design version of magnetically operated RID.

PLASMA DIAGNOSTICS

The ITER-FEAT diagnostic complex design is the result of the work of the Joint
Central Team and Home Teams. It should be noted that the structure and purpose of
the diagnostic complex has undergone the least changes as compared with other
systems of the ITER Project.
The complex consists of 40 separate diagnostic systems designed to measure the
spatial-time changes of the plasma parameters. The operation principles of various
diagnostic systems are applied for various divisions of physics.
The diagnostic complex design was repeatedly discussed at meetings of the Physics
Expert Group on Diagnostics and some subject-matter technical meetings.
The regular 12* meeting of the Physics Expert Group on Diagnostics was held recently
in Russia.
On the whole, the principle of diagnostic complex design presented in the project, i.e.
the composition, purposes, the main peculiar features and construction principles
should be recognized as conforming to the purpose of the ITER-FEAT project.
But the realization of various diagnostic systems under the ITER-FEAT project, both
already employed in experiments on tokamaks and newly developed for the ITER-
FEAT project, might face considerable problems because of the specific character of
the ITER-FEAT, first of all, considerable radioactivity.
Not completely understood is the phenomenon of radiation-induced EMF in the
Mi-cable, the problem concerning the first mirror has not been solved.
There are draft designs for arrangement of different diagnostic systems on the facility.
There are no engineering studies of the «input device* arrangement of most diagnostic
systems on the vessel and ports of the facility.
The design versions for arrangement of the «input devices* should be elaborated
concurrently with the development of the design of the vacuum vessel and ports of the
facility.

Unfortunately, some questions, the answers to which are required when designing
the ITER-FEAT diagnostic complex, are not embodied in the document. In particular,
one of the main problems is the degradation of the optical properties of diagnostic
elements located inside the vacuum vessel (mirrors, windows). The main processes
causing the degradation are:
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• Sputtering by charge-exchange atoms (CXA). The influencing factors are the
composition, flow and energy spectrum of CXA; mirror material and its state
(polycrystal, monocrystal, alloy); the possibility of chemical sputtering; and to a
lesser degree the mirror temperature.

• Impurity deposit caused by re-sputtering of material from the port walls or the first
wall. The mechanism is sputtering of the port walls or first walls by charge-
exchange neutrals and transfer of material onto the mirror surface. The processes
are influenced by the composition, flow and spectrum of sputtered atoms (ions);
production of chemical compounds, i.e. molecules (of CH and other types); the
mirror parameters determining the film adhesion, i.e. initial purity of the surface,
temperature.

• Dust deposition and its modification on the mirror surface.

As seen from this brief examination of the degradation processes of optical elements, it
is essential to define more particularly the design solution for:
1. structural materials and coatings of the first wall elements, local limiters, divertor

plates;
2. the technology of the proposed processes for vessel cleaning between plasma

discharges.

Besides, it is necessary to calculate temperatures inside the vessel elements both during
the plasma discharge and vessel warm-up. It is particularly important for the diagnostic
windows, since in case of a colder window the impurities from the walls will go to its
surface as a result of warm-up even with the windows protected by shutters.
The systems of passive (shutters, etc.) and active (remote cleaning) protection of the
diagnostic windows and mirrors, as well the systems for monitoring of the optical
elements require development.

II. ELECTROPHYSICAL SYSTEMS

1. Magnet System

1.1. Comments on the ITER-FEAT Conductor Outline Design

1.1.1. No «technical basis» is provided to justify the conductor design criteria but a
declarative specification only.

The criteria (AT=1K, h=1000W/m2 K for Nb3Sn, and (AT=1.5 K, h=600W/m2

K for NbTi) cannot be recognized to be «usual» as stated in the outline design.

The scaling and verifiable parameters ((AT, h), used in the criteria, belong to
the DC approach to the CICC stability analysis basing on the ideas of Hoenig
and Dresner on the stability margin and limiting current. This approach is well
developed and experimentally verified but for the case of equal current
distribution among strands and subcables in CICC, what is relevant for the
small-scale CICC at sufficiently slow ramping of the applied field.
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For the large CICC exposed to the fast time varying magnetic field the effect of uneven
current distribution among strands and subcables comes to the foreground as the
reason for the Ramp Rate Limitation observed, e.g., in the DPC experiments. This
effect should be better evaluated and is in focus of the on-going studies.

At any rate the «technical basis» for the design criteria can be the data on the operation
limits obtained experimentally (POLO, DPC, ENEA 12 T Coil, CSMC, etc.), and their
scaling-up and comparison with the criteria proposed for ITER.

1.1.2. At the NbTi R&D meeting in Garching it was agreed that the solder surface
coating and CuNi barriers mentioned in Table II. 1.3-8 (NbTi strand
parameters) are to be additionally investigated. Ni plating was agreed as the
reference design option.

1.1.3. «.. .Various combinations of operating current & field...» (Chapter II Section 1
Page 31) cannot explain the variation in strand Cu: non Cu and using the
segregated pure Cu cores for the reference PF conductor, but the limitation on
the protection dump voltage for the coils storing different energy can. Without
last argument the use of fore rather different PF conductor designs looks
strange.

1.2. Comments on the ITER-FEAT TF Coil Outline Design

The TF coil design with radial plates and thin-wall round conductor seems to be
preferable due to its following valuable advantages:

• lower mechanical stresses in turn insulation;
• possibility of monitoring over the state of the double-layer turn insulation with SS

foil in between;
• higher attainable level of the accuracy of manufacturing, determined by the

tolerances of machining of the grooves.

1.3. Comments on Mechanical Structure of the ITER-FEAT Magnet

The considerable positive feature of the Magnet Mechanical Structure is the use of the
uniformed supporting system. The support based on sets of flexible plates is very
effective to provide the required elastic constraints for normal and abnormal operation
of the Magnet.

2. Vacuum Vessel

The currently considered design of the ITER FEAT vacuum vessel differs essentially
from the VV FDR bearing in mind the integrated cooling collectors of blanket
modules, nevertheless the technical realization of the project seems to be feasible. It is
recommended to continue the feasibility study of the VV design paying attention to the
following:
• lack of integrated calculations of the VV cooling system;
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• lack of experimental data confirming the correlations applied for calculations of the
VV cooling system;
• vacuum vessel reliability and its certification as the first safety barrier bearing in
mind the complications of its construction and resulting abundant welded joints on the
inner VV wall and the impossibility to control them during operation.

3. Vacuum Vessel Thermal Shield
1. In the Report the facility disassembly procedure has not been considered.

This might result at a later time in the necessity to reconsider the design of
the main VVTS components, in particular, joining units and support
structure.

2. For ITER-scale facilities it is problematic to establish conditions under which
there will be no considerable degradation of the silver coating of the thermal
shield during facility cool-down and operation. The availability of a great
deal of insulation materials, threaded joints, constructions not undergone
vacuum-technological preparation (preliminary degassing), a low degree of
cryostat evacuation (lO'MO"4 Pa) might cause hydrocarbons and water
vapors to deposit on the thermal shield in the form of solid condensate films,
ice and frost.

3. To confirm the VVTS reliability and to substantiate experimentally the
design solutions applied in VVTS it is essential:

3.1. to define gas release from non-metal materials used in the cryostat volume;
3.2. to perform mechanical tests of shielding sector joining units;
3.3. to mock up VVTS segments with the aim to simulate the assembly-

disassembly of the joining units by remote maintenance means;

3.4. to test the Ag coating for radiation resistance and embrittlement under

conditions close to the operating ones;

3.4. to perform thermocyclic strength tests of Ag coatings adhesion under

conditions corresponding to the operating ones (T=80-423K, neutron

fluence lxlO19 n/cm2).
4. 3.5 to work out technologies for recovery of coatings on damaged VVTS

surfaces;

5. to perform experiments on defining the possibility of hydrocarbon films, ice, frost
forming on the VV thermal shield.

4. Power Supply System

The presented material reflects the main changes of the power supply system in
comparison to the EDA phase are reflected. These changes correspond in our view to
the present-day current scenario, as well as to the design of the PF and TF coils. The
results of the development of the power supply system are reflected in the existing
schemes not presented in this report, as well as in lowering of the requirements for the
level of power consumed by the facility. The preliminary analysis allows the conclusion
to be made on a considerable cost reduction of the power supply system equipment in
comparison to the ITER FDR.
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5. Divertor

Considerable progress has been attained in developing the divertor since the FDR
phase. Despite a significant reduction of the space allocated below the X-point a
number of modifications in the FEAT-divertor configuration provided the maximum
heat flux on the targets at a reasonable (<20 MW/m2) level. Another significant
achievement is a reduction in the nomenclature and number of PFC components. More
attention was paid to the private zone so as to provide more flexible design in respect
to such safety-related issues as the control of dust accumulation and reduction of
tritium retention in carbon-based films.

The promise to achieve 50% cost reduction seems to be quite realistic. Besides, the
divertor design group has managed to reduce considerably the cost of the divertor by
changing the cooling system parameters and by eliminating such components as the
baffle.

One of the tasks of the ITER-FEAT tokamak divertor is to reduce the amount of
tritium accumulated in PF coils. It is assumed that under ITER-FEAT conditions
hydrocarbons produced by chemical sputtering of graphite tiles of the vertical targets
will deposit on the liner located in the lower part of the divertor and produce on its
surface amorphous hydrocarbon layers. These layers are produced at surface
temperatures of <300°C and result in tritium retention. Therefore, it is planned to
sustain a high temperature (800-1000°C) of the liner surface so as to prevent the
growth of such films.
But the carbon-based films deposited on the limiter surface might be the films with a
diamond-like structure. Layers with such structure were found on the inner structural
elements of T-10 and DIII-D tokamaks.
Essential features of diamond-like film (DF) deposition in the gas medium were studied
in detail by E. Kondoh et al. (Journal of Appl. Physics 73 (1993) 3041, where the
dependence of DF growth rate on the gas composition and pressure and on the surface
temperature was investigated. The largest growth rate (GR) of diamond-like films were
observed for the gas mixture H2+HC4 (2%, CH4 partial pressure p~l Pa) at a surface
temperature of 900°C. In this case GR amounted to ~1 um/h. The main biomolecular
reaction resulting in DF growth proceeds by Eley-Rideal scheme:

CH4+S -> S-CH3+H,
S-CH3+H -> S-C(d), where S - the surface, C(d) - diamond-like carbon.

But in the plasma medium, with excited and chemical active molecules, the DF growth
rate might exceed essentially the growth rate in the gas medium. To understand the DF
deposition processes it is necessary to develop the modules describing adequately
different interrelated processes of gas mixture plasma activity, heat transfer and re-
deposition, chemical and gas kinetics. The development of these models is extremely
complicated, and simplified models will not give correct quantitative and, conceivably,
qualitative results. Consequently, of first importance in studying the DF growth
processes should be experimental investigations in order to clarify the possibilities for a
considerable (as compared with the films produced at low surface temperatures)
tritium retention in DF.
It is proposed to perform experiments on operating facilities with the aim to define:
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DF growth rate on the inner surfaces of divertors;
GR dependence on surface temperature, neutral hydrogen pressure, relative
concentrations of different hydrocarbons, surface materials;
percentage of hydrogen isotopes in DF and its dependence on the above
parameters.

6. PF Magnetic Configuration and Scenario

The «Technical Basis for the ITER-FEAT Outline Design» has been analyzed and the
conclusion has been made that the engineering solutions taken in this document
correspond to the concepts of the key RF HT specialists on plasma current, shape and
position control. However, attention is to be drawn to some misprints made in the
document, namely, «Chapter II Section 1 Page 2», the ninth line from bottom, it is
mentioned that two central solenoid modules (CSL1 and CSL2) are connected in
series. Actually it is CS modules CSL1 and CSU1 that are connected in series.

7. Tokamak Assembly, Assembly Technologies

The main stages of the technological processes of tokamak assembly seem to
be technically feasible, rational and cheaper in comparison to the ITER FDR version.
In the Final Report the definition of the magnetic axis and magnetic data of the
tokamak should be presented in more detail, as during assembly of the facility in the
cryostat the need might arise to adjust the position of the assembled vacuum vessel
(prior to its welding) depending on the results of magnetic measurements. The VV
supports on the TF coils are arranged in the area not easy to access. The access for
fastening or adjustment is possible only through the vertical gap in the middle plane
between the external intercoil structures. This gap should be covered with joining
plates of the intercoil structure, which are welded after completion of VV assembly.
This stage requires further study.

On the basis of the materials presented in the Report by the Joint Team the
detailed specifications have been worked out for design of the tooling necessary for
tokamak assembly.

8. Cryostat and Cryostat Thermal Shields

8.1. Cryostat Design.

In case of helium cooling lines damage the pressure inside the cryostat will rise,
that might cause its destruction. Hence, gaseous helium must be removed rapidly by
means of the cryostat safety system. The information in FDR concerning the cryostat
safety system is absent.
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8.2. Design of Thermal Shields.

The reference design of the cryostat thermal shield (CTS) presented in ODR is
based on the use of Ag-plated stainless steel panels (two stainless steel plates with a
thin 0.5-mm-thick copper sheet between them in order to increase heat conduction
and, hence, to increase the distance between the cooling tubes, as shown in Fig. 2). In
this case the heat flux onto the electromagnetic system (~4 K) is sure to be lower than
in the case shown in Fig. 1, but electromagnetic forces acting on the shielding panels
will be higher by a factor of 5. The same effect, i.e. the reduction of the heat flux onto
the electromagnetic system, might be achieved by placing an additional stainless steel
screen, as shown in Fig. 3.
To reduce the cost of the external thermal shield (CTS) it might be reasonable to
abandon silver-plating of the panels because of their oxidation, when in operation,
resulting in an increase in their emissivity and to make only electropoiishing of the
surfaces.
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9. ITER Fuel Cycle

The problems of fundamental importance for the Project have been elaborated in
sufficient detail, they are based on the experimental data obtained on the JET facility
and laboratory testing facilities at FZK and in Russia. No remarks on the submitted
design materials.
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10. Building and Service, Water Cooling System,
Site Requirements & Assumptions, Site Layout Strategy,
Tokamak Building, Plant Services

In the materials considered no fundamental differences from the previously
elaborated documentation on FDR ITER have been found except for the decisions on
the water cooling system of ITER-FEAT. The fundamental difference of the decisions
is related to heat transfer from the vacuum vessel. The decision taken for the ITER-
FEAT will cause warm-up of the vacuum vessel during accidents to temperatures close
to the «bakeout» regime as a result of the loss of off-site power supply, seismic
actions, etc. In the FDR project in emergency situations the ITER facility was cooled
down and brought to the safe «cold» state. The temperature decrease in the FDR
project was eliminated by the design solutions by the vacuum vessel cooling system.

The decision on VV cooling for the ITER-FEAT requires additional
calculations for strength of VV construction. In so doing account should be taken of
the combination of increased thermal loads arising at emergency cool-down and the
loads arising during seismic actions of SL-2 level. This is associated with that in
contrast to the «bakeout» regime the temperature at the VV input and output differs
several fold, thermal stresses of the VV components are also different.

11. Safety

The safety objectives, principles and criteria are presented adequately, generic elements
of the safety approach are also well presented. The contents of this section satisfy the
objective of a top level document which deals with the requirements at the highest
level.

There are also some comments on different tokamak systems.
1. Scenario of accident cryosorption pumping equipment thawing out in the case of a

tightness loss in tubes for plasma facing component (primarily the divertor) cooling
is not considered. The analysis of accident tritium release and cryogenic system
integrity is absent.

2. The engineering analysis of characteristics of the reactor power control system,
including the analysis of the reactor operation stability at partial power levels, is
absent.

3. Terminological carelessness is apparent (e.g. the term «confinement» in the ODR
is used now as a radioactivity confinement barrier, now as a safety function).

4. Tritium inventories and emissions stated in ITER-FEAT materials require
additional studies and justification.

Vacuum Vessel
The presence of water for cooling (baking) both of the vacuum vessel and of the
blanket modules that are placed inside the electromagnetic system, having the
cryogenic temperatures, can lead to the damage of in-vessel elements in an emergency
of water cooling system. To avoid negative sequences of such emergency the water
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cooling system must include both the independent water removal system and the drying
system.

Proper tokamak
During the operation the tokamak elements made of stainless steel (electromagnetic
system, vacuum vessel, thermal shields, etc.) become magnetized due to thermal and
electromagnetic loads. As T-7 and T-15 experience has shown, metallic dust formed
during operation, deposit on the surfaces of elements, including electric insulating
assemblies. The break-down of electric insulation can result in damage of the elements.
Hence, it is necessary to control constantly the electrical shorts between the elements
during the operation. The electrical shorts control system should be included into the
ITER-FEAT design.

Analysis of possible emergencies
The emergency in one of the systems can result in damage of other systems. A separate
chapter on the analysis of possible emergencies should be included into ODR.

HI. BLANKET SYSTEM

General statement.
We support the principle solutions of mechanical attachment, primary modules

and port-limiter. The comments on the mentioned components in order to improve the
design, provide safety operation and reduce the cost are presented infra.

A. Updating of mechanical attachment unit design
1. It is necessary to introduce the locking of central bolt thread in order to provide the
safety operation of flexible attachment unit. (This is verified experimentally, see RF
Final report on Task T216+2R2).
2. To provide the fabrication errors compensation for vacuum vessel and modules
(see Figs. 1-3). This compensation is necessary to eliminate the over-loading of the
attachment elements under electromagnetic loads.

Fig. 1. Axial errors ±10 mm.
1.- Module; 1- Vacuum vessel

Fig.2. Lateral misalignments of
axes A=±5 mm.

Fig. 3 Angular errors
7=±25mrad(1.43°)

3. We propose to introduce the place for wrench in the flexible element design for
the mounting/dismounting carrying out.

4. It is necessary to provide the automatic contacting of matting surfaces without
machining of the attachment unit details (see Fig. 4) for the effective cooling of the
supporting flexible element.
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Fig. 4. Flexible self-positioning
mechanical support.

1.- Compensation bush;
2.- Internal spherical washer;
3.- Spherical washer;
4.- External spherical washer.

B. Primary module.
1. The A and B options have a large volume of machining in the shielding part. It

is reasonable to develop the option of cast shielding part with the built-in
coolant pipelines and headers for the module cost reducing as a whole.

2. It is necessary to write precisely in the Blanket Technical Requirements for
what purposes the first wall (FW) should be replaceable (for the repair, storage
of relatively not large designs or another purposes).

It is reasonable to consider two cases for the FW repair.
First case - the repair changing of the FW from the plasma chamber side without
the module dismounting.
Second case - the FW changing in the hot cell after the module dismounting.

The robot equipment is required in both cases. Both cases are identical from
the point of view of the FW or module changing as a whole from the vacuum vessel.

It is necessary to note that the reasonability of the radioactive design repair or the
old FW changing on the new one is in doubt from the point of view of the
operation reliability of the repaired module. It is more reliable to change the
module on the new one. In this case the replaceable FW design can be reasonable
from the point of view of reducing the materials volume for storage.
The first wall option to be changed from the plasma chamber side has only one
advantage in comparison with the FW attached to the shielding part on the module
back. This advantage is the possibility to carry out the module accidental change
with relatively minimum difficulties. In this case it is possible to remove the FW in
vacuum chamber by the bolts drilling-off and to open (FW is removed) by any
method the defected places through the shielding part and disconnect the module.
So, the design of replaceable FW should allow the changeability in the vacuum
vessel without the module dismounting as a whole. The option A satisfies better
this requirement but it requires the defined development taking into account the
simplification of the connection unit on the coolant between the FW and shielding
part (for example on the base of SMA using).
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C. Port-limiter.
In order to reduce the port-limiter cost it is reasonable to develop the design option
with the brazed bimetal panels as a typical product for this technology (in particular
two bimetal panels are fabricated in RF by brazing in gas static device with low
parameters).

D. General remarks.
It is reasonable to introduce the following explanations at the end of each section:

the adopted changes relatively to the previous stage (ITER FDR)
the verification of adopted changes (logic, advantages, quantity/quality
comparisons) and achieved results.

O. G. Filatov,
RF Home Team Leader,
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