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Cette étude fait la synthèse d'un travail en cours concernant
la machine d'intervention pour la manutention robotisée des internes
d'un réacteur de fusion comme NET, avec une configuration double nul.
Ce travail suit l'analyse de la comparaison approche verticale ou
horizontale de la maintenance.

Trois options mécaniques du travail précédent sont maintenant
l'objet d'une étude plus détaillée incluant les dessins et les calculs
préliminaires requis pour la justification des choix techniques et
le dimensionnement. Suivant cette étape, une première analyse reliée
aux exigences opérationnelles et aux contraintes pour l'environnement
venant de la machine et de ses auxilliaires permettra d'identifier
une solution de référence.

A ce niveau du travail, il est indispensable de prendre en compte
les problèmes liés à la contamination existant dans le tore.
Effectivement, pendant les opérations de la machine, la première paroi
est soumise à de 1'érosion conduisant à la formation de poussière
radioactive. Pour éviter la dispersion de cette poussière durant les
opérations de maintenance, trois options sont possibles : Confinement
Intermédiaire Etanche (TIC), Unité de Transfert Confinée (CTU), ou
fixation de la poussière sur les composants.

C'est cette dernière option qui est plus spécifiquement étudiée
en regard de sa faisabilité et de ses limites techniques possibles.
Dans cette optique, une comparaison entre la décontamination des internes
avant ouverture du tore et l'option fixation de la poussière sur les
internes dans le but de contenir la contamination dans l'aire de travail,
est faite.



Les données de base retenues sont les suivantes : nature des
matériaux radioactifs, dimension et distribution des grains de poussière,
nature et ordre de grandeur de la radioactivité, quantité maximum
permissible de poussière radioactive dans le hall réacteur, temps de
refroidissement exigé entre la fin des opérations de la machine et
le commencement des opérations de maintenance, confinement minimum
requis pour satisfaire les contraintes de sûreté.

La comparaison est faite en prenant en compte pour une part les
procédés de décontamination, et d'autre part, le développement du concept
de fixation des particules actives et/ou leur quantité résiduelle après
décontamination (identification de la meilleure technique adaptée à
la configuration du NET, description du concept et procédures associées).

Une expérience à petite échelle sera faite pour confirmer à la
fois la contamination retenue et le procédé de fixation ; leur
compatibilité avec le plasma sera également un critère de sélection.

La conclusion de ce travail aidera à la sélection du confinement

à associer la machine de manutention de la couverture.

La machine retenue sera alors le sujet d'une analyse plus détaillée
concernant le risque technique, les risques de sûreté, les forces
agissant sur le tore pendant la maintenance, le refroidissement et
la production de chaleur des segments de couverture.

De plus, une tentative d'évaluation de coût de construction d'un
prototype de machine de manutention sera faite aussi bien qu'une
identification des points critiques et des développements technologiques
requis pour un meilleur développement du concept identifié au cours
de l'étude.



Preliminary design of blanket handling device and evaluation of the
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This study makes the synthesis of ongoing works concerning the remote
handling device required for the handling of the internals of a fusion
reactor like NET, with the double nul configuration. This work follows
the analysis of the comparison of vertical versus horizontal maintenance
approach.

Three mechanical options of the precedent work are now the subject
of a more detailed study including drawings and the preliminary
calculations required for the justification of technical choices and
the dimensioning. Following this step a first analysis, connected with
the operational requirements and the environmental constraints coming
from the machine and it's auxiliaries, will allow to identify a preferred
solution.

At this work level, it is mandatory to take into account problems linked
to the contamination existing in the torus. Effectively, during the
machine operations, the first wall is subject to sputtering leading
to the formation of activated dust. To prevent the dust dispersion
during the maintenance operations there are three options : a Tight
Intermediate Containement (TIC), a Containment Transfer Unit (CTU)
or the dust fixation on the internal components.

It is this last option that is more specifically studied looking to
the feasibility and the possible technical limits. For this purpose
a comparison between the decontamination of the internals befor» the
torus opening and the fixing option of the dust on the internals with
the aim to contain the contamination in the working area, is made.



The selected data base are : nature of radioactive materials, dust
grain sizes and distribution, nature and order of magnitude of the
radioactivity, maximum permissible amount of radioactive dust into
the reactor hall, required cooling time between the end of the machine
operation and the beginning of the maintenance operations, minimum
confinement required to fullfill the safety requirements.

The comparison is made accounting for one hand the decontamination
processes, and on the other hand, the development of the concept of
fixation of the active particules and/or the residue after
decontamination (identification of the best technique adapted to the
NET configuration, concept description and associated procedures).

A small scale experiment will be made to confirm both the retained
decontamination and fixation processes ; their compatibility with plasma
as per NET definition will likewise be a critérium for selection.

The conclusions of these works will help to the selection of the
confinement associated with the Blanket Handling Device.

The retained Blanket Handling Device will be then the subject of a

more detailed analysis accounting for the technical risks, the safety

hasards, forces acting on the torus during the maintenance, the cooling

and the heat production of the Blanket Segments.

In addition, a tentative cost estimate of the prototype construction
of Blanket Handling Device will be worked out as well as the
identification of the critical points and the required technical
developments to better develop the concepts identified during the study.

2.1.



PRELIMINARY DESIGN OF BLANKET HANDLING DEVICE ANO EVALUATION OF THE FEASIBILITY OF ELIMINATING THE
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ABSTRACT

This communication concerns the preliminary study of the BLANKET HANDLING DEVICE of NET-DN and the
related potentialities for protection against contamination dispersal during handling of internal
segments. Bath studies have been undertaken simultaneously; as they are still under way, we
present an outline of their progressing and future development.
The design of the BHD takes account of multifarious dimensioning requirements (i.e. dimensions and
characteristics of the segments and torus], environmental and operational constraints (safety,
maintainability), which are further detailed. The preliminary mechanical studies are explained.
The methods for protection against contamination dispersal during handling are pressntad such as
containment, decontamination prior to torus opening, fixation of dust. The assumptions considered
for the.quantity and activity of dust existing in the torus are explained, and the subsequent
phases of the study are summarized.

1. INTRODUCTION

As a comparison study of horizontal or vertical handling solutions of Internal structures of a
fusion reactor being previously carried out, has shown the advantage, In many respects, of vertical
handling, 1t is Important to prove its feasibility. We therefore propose to carry out a basic
pre-design study of a handling Machine for segments BND of NET-DN, progress and future developments
of which are shown here. This study is carried out taking in account the containment constraints
when opening the torus as a result of internal contamination of the torus.

NET-DN is a TOKAHAK of 600-Mfth of fusion thermal power (see figure 1). It is made up of 16
sectors, each of then befng divided in 7 segments (3 inboard, 3 outboard and a plug that acts as a
key) which can be removed vertically out of the torus through 16 doors located fn the torus upper
part. Figure 2 shows the whole segments of a sector. The key providing steadiness of the system
must be removed at first. Extraction of inboard segments follows immediately that of the key. For
outboard segments extraction follows that of corresponding Inboard segment.

2 . " R E Q U I R E H E N T S D E F I N I T I O N S ~ " l ."; • ~^"~li;~'.'~-:. •"••"'••"' ' •.

BHD must fulfill the following functions: -.'.._.
- remote extraction or insertion of segments in the torus, all operations being automated and
__îyj[ei»ed Indirectly,
- containment~of'
- preservation of integrity of the equipment'and protection of the'personnel in relation with other:
. equipments if necessary, which are not considered in this communication.
To fulfill these functions, the design Of-BHD »ust~.take In account various requirements ̂e
constraints which are described hereunderTMain'reference for these data Is ""

ft
if.

2.1. Geometrical and Dimensional Constraints

The NET-DN segments have the following characteristics:
- Height t between 10 and 12 «eters -•
• Width i between 0.7 and 1.2 meter
- Depth ! between 2.5 and % aatars
- Weight : between 25 and 70 tons (75 tons In the event of Incident on Lithiw-Lead circuit)
- Gap between two adjacent seoaents : 30 mm , •'•—-'-

2.3.2.
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- Bottom guide system imposing a 100 mm vertical travel at the beginning of extraction

- Supply lines : between 6 and 12 with connection flanges diameter between 180 and 300 mm

- Replacement frequency : 4 sectors or 2<f segments per operating year.

These datas, associated to the geometry of the torus, prescribe the following performances for BHD:

- Positionning accuracy : + 10 an

- Repeatability : + 3 mm

- Speed and acceleration : to be defined in relation with the removal kinematics, as shown in

figure 3, with results compiled from CAD studies.

2.2. Environmental Conditions

The BHD shall be designed to operate under the following conditions:

- Atmosphere : air or inert gas

- Atmospheric pressure

- Temperature : + 200C to + 1000C

- Magnetic field : T.B.D. (colls desactivated)

- Humidity ; non existent

- Radiations ; . outside vacuw chamber; about 10 rad/h

. Inside vacuua chamber: about 10 rad/h

• Contamination : segments to be handled are active and tritriated + active dust.

This contamination requires taking account of the possibilities of decontamination of BHD

(materials, design, , . . ) .

2.3. Operational Requirements

2.3.1. Safety

The safety requirements aim at the following:
- avoiding any risk of dropping of load,
- avoiding any risk of collision,
* avoiding segments jamming during removal or insertion.

2.3.2. Lifetime

The BHD should have a lifetime equal to or longest than the operational lifetime of NET which is 13
years. This corresponds to an operational time of about 1267 days C23. '

2.3.3. Maintainability

As the BHD maintenance downtimes have a major impact on the availability, they will be kept to a
minimum.

2.3.*. Cooling of Blanket Sequent* ... - ..-• : - -. - •_—

The necessity of cooling the blanket segments during handling will be determined. If necessary,
the cooling principle will be determined according to the options approved for the BHD.

2.3.5. Containment " ' ' ~"—>-•••• — -— — — — ^ _

See discussion of paragraph •«

2.3.6. Other Constraints

Other constraints as:

- control and instrumentation system definition, - ' ..

- electrical interfaces,

• other various Interfaces (between BHD and torus, between Maintenance cell for BHD and reaetor
hal l , . . . ) will be determined with the studies in progress.
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3. PRESENTATION OF ENVISAGED SOLUTIONS

Two main technical solutions have been envisaged with some alternatives, hereunder described:

3.1. Handling with Travelling Crane

3.1.1. Travelling Crane Equipped with a Mass Displacement Type Balancing Beam

Figure 4 shows the principle of this balancing beam. Note particularly that all the
kinematic chains are duplicated to meet safety requirements aiming at prevention of jamming risks
during handling.

3.1.2. Travelling Crane Equipped with an Azimuth Compass type Balancing Beam

Figure 5 shows the principle of this balancing beam. It comprises a main arm on which is articu-
lated an assembly of two secondary arms integral one with the other. Each of secondary arms is
coupled to the main arm through an electric jack allowing modification of the position of the
gripping head and therefore the segment orientation. Duplication of secondary arms has still for
purpose to cope with a single failure of the mechanism which would prevent from carrying on win the
operations.

3.2. Special Handling Machine

3.2.1. Special Machine with Inclinable Pole

Figure 6 shows the principle of this machine. It is principally composed of an inclinable pole on
which moves a trolley supporting the gripping head. The pole is itself supported on a trolley,
moving along the torus radius, on a supporting structure which rotates around the torus axis. All
the kinematic chains are duplicated.

3.2.2. Alternative without Inclinable Pole, with Azimuth Compass Typé Handling Device

Figure 7 shows the principle of such a machine. The pole of the previous machine is stationary,
but equipped at its extremity with the handling device previously described.

3.3. Segment Gripping Device

The gripping device for segments is the same for all the solutions previously described.
Figure 8 shows its principle. It is « bayonet tong which locks a "mushroom" type head Integral
with the segment head, this head being itself located at the lower part of a machined cavity inside
the segment head. •
The gripping device is positioned In this cavity which «Hows to cope with existent moments. A
stand-by drive, manual on diagrams, permits to release the load in case of blocking of M w rotation
drive. ....... ' ..':.-. .,;ùii:-~r: :".";"':'• "f"T.7~' -----J--; .

k. CONTAINMENT PROBLEMS ....

4.1. Activated Dust Present In the Torus

During normal operation, it is expected that there will be erosion of NET First WaI1 (FW) due to
pl«sma-wa?1 interactions through several mechanisms like sputtering, blistering and evaporation.
In particular for SS-walls the sputtering rate has been estimated to a level of O.S x 10 «t/m*s
that corresponds to an erosion rate of 0.2 mm/annum if radeogsition is not included. For graphite-
walls at 1800°C the sputtering rate Increases to 8.5 x 10 at/m*s and the corresponding erosion
rate to 2.4. mm/annum C33.

4.2.
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The effect of redeposition over the above figures fs unknown because nc consistent redeposition

theory or experimental data are yet available. On the basis of the estimates considered in the

INTOR study, it is currently assumed that more than 99% of th» particles will redeposit on the wall

in the region surrounding the emission point forming a stable structure. The remaining particles

will instead form a thin layer simply deposited or weakly attached on the wall, probably not

uniformly distributed, that can be resuspended or removed during maintenance operations. Such

particles can then be defined as "dusts". Taking into account the previous figures, one can

estimate the amount of dust produced during the NET lifetime, that is about 3 kg in the case of the

SS-FW option.

Considering the operation phases of NET, the foreseen total neutron fluence over the machine

lifetime is 0.8 MW a/m^with an average neutron wall loading of 1 MW/m2. Assuming such data for

calculating the actfvation of the FW-SS one can have the end-of-life activation levet within the

torus. .

In particular 2<t .hours after shutdown [*] the FW-SS activity is 1.1 x 10. Bq/kg, decreasing to a

level of 7.6 x 10 Bq/kg after 30 days of cooling.

If one assumes that the composition of the erosion dust is simflar to th* composition of the first

wall, it follows that the same activation level must be considered. Then, It 1s clear that the

presence of dust In the torus entails hazards that cannot be precluded during maintenance

operations.

4.2. Conséquences on Maintenance Operations

Ourfng the maintenance operations th« radioactive dusts present in the plasma chamber could

contaminate the building hall. At present, NET strategy requires that personnel access into the

building hall be possible during downtimes for the whole machine lifetime.

Consequently It Is necessary to avoid spreading of dust contamination in the hall. Three methods

are In principle available:

a) Containment through the so-called Tight-Intermediate Containment (TIC) System or a Closed

Transfer Unit (CTU) System that requires a physical barrier for preventing the spread of the

contaminants into the hall. These solutions tend to complicate the maintenance operations.

b) Decontamination of the plasma chamber walls surface before opening the machine. In spite of

being the most satisfactory a* a rather simple procedure, this method is likely to be

unsufficient inhs!» applied «lone.

c) Fixation of the activated dust on the wall for a sufficiently long period of time for

performing all maintenance operations without any significant spread of. the contaminant* into

the hall. v - ' . : : . .

The following throe sections breefly describe the procedures involved in the application of the

above three methods.

» . 2 . 1 . C o n t a i n m e n t T - - .••• " ; • • - •• .--

Containment with a physical barrier: either TtC or CTU.

The CTU is the- smallest possible containment enclosure. Jt contains the BHO, any coaling circuits

required for cooling the segments during extraction and treatment of the atmosphere. • .. .- - -••-.

The flow-sheet of a NET-ON installation with CTU is shown fn Figure 9.

The TIC also contains BHO cooling circuits and auxiliary tools if necessary. It provides a direct

link with the hot cells where the segments will be transferred through an airlock. The flow sheet

of a NET-ON solution with TIC 1» shown in Figura 10.

4.2.2. Decontamination

For decontamination it is intended to develop a procedure that could clean th* torus walls fro*) the

loose dust particles. It should be performed before opening the torus, which implies that

decontamination be performed using remote handling systems.

it

CsJ -



Studies are presently going on in order to determine whether conventional nuclear decontamination
methods (mechanical, electro-chemical and chemical) are in any way applicable to the NET-FW
conditions and environment.
Possible new techniques, such as utilisation of lasers, will also be considered for application to
NET.

* . 2 . 3 . Fixation Fi gu

A possible alternative to the decontamination Is the fixation of the radioactive dust to the wall
during a l l the time required for maintenance. One possible method is the use of strippable
coatings, already available in nuclear industry as a decontamination method. Studies are required
for NET application in order to determine a remote hanling system able to apply the varnish on the
wall before opening and to strip the residual coating after ut i l isat ion. ' " u

A further technique that wil l be considered from the fixation point of view is "carbonization" of
the torus wal l . Such a technique Is currently used in Tokamaks [ 5 ] for start-up purposes In order ' "
to deposit a thin layer of low-Z material (graphitel on the plasma chamber wall and to have only
low-Z Impurity atoms in the plasma. The idea would be to repeat the carbonisation before opening F f 9 u

after operation and to fix the radioactive dusts within the graphite layer .
FI gu

S. CONCLUSION - DISCUSSION
; Fi gu

The purpose of this paper 1s to get an insight Into the progressing of the feasibility study re.
the BLANKET HANDLINC DEVICE. ' F ' 9 U

The subsequent phases of the study are the following:

- continuation of the mechanical preliminary study for the solution envisaged (in particular
travell ing crsne),

- definition of the problems concerned with control and instrumentation (definition of the
interlocking of axes, capabilities and performance of the existing equipments for fu l f i l l ing the
funtions opted f o r ) ,

- selection of the optimized solution, - •
- f inal ization of the study taking Into account a l l the above mentioned requirements- such as

safety, maintainability, e tc . ,
- f inal proposal for the BHO containment system taking account of the studies carried out with

respect to the containment, decontamination, f ixation, e tc . , as mentioned in paragraph V.
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FIGURE 6
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