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Résumé : 

La Cellule de haute activité CELIMENE, implantée 
sur le Centre d'Etudes Nucléaires de SACLAY, dispose d'une 
grande expérience sur le démantèlement et la reconstitution 
d'assemblages irradiés des centrales REP 900 MWe. 

Ces opérations ont été réalisées dans le cadre 
de programmes de R & D, sur le comportement sous irradiation 
de la structure de l'assemblage où des crayons. 

Après reconstitution, les assemblages sont réexpé
diés vers l'usine de retraitement. 

La réirradiation de ce type d'assemblage n'a 
pas été envisagée, elle nécessiterait une modification 
des procédures de montage et de réalisation du nouveau 
squelette. 

Ces opérations de démontage, remontage ont déjà 
été effectuées sur trois assemblages, le quatrième assem
blage sera traité dans les prochains mois. 



ABSTRACT 

The Celimene high activity laboratory, in the Nuclear Research Centre of Saclay, has 
equipment for and experience of disassembling and rebuilding fuel assemblies from 900 MW 
light water reactors. These operations have been performed for R & D purposes; they allow 
removal for investigation of some of the fuel rods and examination of the skeleton. The rebuilt 
assemblies are sent to die fuel reprocessing plant Reirradiadon of these assemblies has not 
been considered so far and would require modifications of die procedure and of parts of die 
new skeleton. Disassembling and rebuilding have already been performed on diree assemblies 
and a fourth one will be rebuilt in die coming mondis. 
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DISASSEMBLING AND REBUILDING 900 MW UNIT FUEL ASSEMBLIES 

IN CELIMENE 

In view of the scale of the French nuclear power generating program and the increasing 
proportion of PWR facilities, it was decided in 1975 to provide CEA with the technical 
capability of carrying out monitoring and development programs on fuels used in this 
technology, in collaboration with the manufacturer Framatome and the operator EDF. 
Therefore, in 1978, arrangements for diverting individual fuel assemblies from the normal 
reprocessing cycle were implemented (Figure 1). This necessitated the design and construction 
of a special transport cask (IL 42) suitable for loading a fuel assembly in the spent fuel pit and 
unloading it in air within the Celimene cell at Saclay, as well as the transformation and fitting 
out of the cell so as to enable manipulation, examination, dismantling and rebuilding of PWR 
fuel assemblies (Figure 2). 

There are two requirements for laboratory examination of an irradiated fuel assembly: 
firstly, it must be possible to guarantee that the temperature reached by the fuel assembly during 
transport and manipulation does not change its mechanical properties, and secondly it must be 
certain that the fuel assembly can be returned to the normal reprocessing cycle. 

To make sure that the first requirement is met, and in view of the thermal properties of 
the cask used for transport under inert gas, it is necessary to impose a cooling period of 
approximately one year in the spent fuel pit. Also, the temperatures reached by the various 
parts of the cask are measured during transport using detectors installed on the cask before 
loading. The temperature of the guide tubes is measured during in-cell manipulation using an 
instrumentation cluster of 45 thermocouples. Finally, during the measuring operation, it is 
possible to read the surface temperature of the rods within the fuel assembly bundle using a 
device with a blade bearing a thermocouple. 

To meet the second requirement, it is necessary to recondition the fuel assembly in a 
manner compatible with the technical requirements and approved by the Mechanical 
Departments of the reprocessing plant as, once rebuilt, the fuel assembly must not have any 
particularities requiring the operator to modify its procedures or carry out additional operations. 
It is for this reason that, depending on the implementation arrangements, we have developed, in 
close collaboration with the Mechanical Department of COGEMA, a number of techniques 
which make it possible to either attach a new top nozzle to the irradiated skeleton or to re-install 
the rods in a completely new structure. 

Several measurements are performed on the assembly before dismantling. Visual 
examination is carried out with a periscope and records are taken with a camera mounted on an 
X-Y table to avoid parallax. The height of the assembly, the length of the peripheral rods, die 
axial positions of all the grids and various other dimensions are also measured. Finally the 
width of the water gaps can be determined at any level. This is achieved with a device 
consisting of a set of mirrors, mounted on a pair of blades, which reflect a laser signal to a 
receiving diode. This operation is entirely computerized 

After having carried out all the non-destructive tests, die fuel assembly is placed in a 
frame which holds it perfectly rigid by means of clamps securing the grid assemblies. As 
standard fuel assemblies can only be disassembled from the bottom and in view of the 
difficulties involved in rotation in the cell, we have developed a number of methods of 
machining die guide tubes at the top. Cutting can be carried out either using a circular saw with 
a diameter of 410 mm made of hardened steel which is either diamond studded or provided with 
cutting teeth (Figure 3), or by internal machining of the guide rubes with a miniature diamond 
studded grinding wheel turning at high speed with an epicyclic cutting movement. Finally, a 
tool with three cutting bits which are expanded by an internal cone has been developed and is 
under construction. 



This equipment makes it possible to machine the guide tubes below the upper nozzle 
and also, by extending the transmission shafts, to cut the guide tube from the inside at any level 
and it should therefore be possible, by making two cuts at levels Zl and Z2, to extract i limked 
number of peripheral rods to gain access to sections of the guide tubes for expert examination. 

After separation of the top from the guide tubes, the rods are extracted while measuring 
the necessary extraction force and are then placed in special racks (Figure 4). 

There are then two possibilities depending on whether the program includes 
examination of die skeleton or not. If destructive tests are not to be carried out on components 
of the skeleton, the necessary pins are extracted and mechanical re-assembly of a new top on the 
guide tubes of the irradiated fuel assembly is carried out. The top nozzle is machined in 
accordance with the original drawings, in particular as concerns the external dimensions and the 
dimensions concerned in gripping by the manipulating tools. It is mechanically secured, by 
expansion of an internal pin, to the guide tube which is maintained in contact with a solid part 
connected to the nozzle (Figure 5). Pull tests have shown that a limited number of joints of this 
type (8) are necessary for manipulation of die fuel assembly. This technique has successfully 
been implemented with a Borselle fuel assembly. 

In view of the considerable differences in the dimensions of the top of a standard fuel 
assembly (Westinghouse/Framatome), the principle of attachment by expansion has been 
retained, but we have re-designed the upper section of the attachment part to ensure that there is 
no overthickness with regard to the top support plate. Furthermore, a means of attachment with 
a long tie rod making it possible to obtain expansion just above die upper grid assembly has 
been developed (Figure 5). Finally, to obviate any risk of séparation at the top, especially after 
storage under water for a long period, it has been planned to install a central tie rod capable of 
meeting handling requirements alone. This last feature is undergoing qualification and shall be 
presented to COGEMA for approval in the near future. 

If destructive tests, in particular mechanical tests or metallographic examinations, are to 
be carried out on structural parts, guide tubes, grids or nozzles, it is necessary to remove all the 
rods and subsequently to reinstall them one-by-one, by pressing them into a new structure 
(Figure 6). This structure, which is in all respects identical to a standard structure, is equipped 
alternatively with standard grid and modified grid in which all the springs are specially treated to 
reduce the force necessary for reinstalling the rods. The rods are then secured in place with the 
springs of four of the eight grid assemblies. The system used for securing the guide tubes to 
the top nozzle is of a simplified screwed type. The new structure is equipped on assembly with 
132 dummy rods introduced into every other recess, which forms a pattern making it possible 
to ensure guidance of the irradiated rods during their re-insertion. After loading 132 irradiated 
rods, the 132 dummy rods are removed and loading of the irradiated rods is continued. All 
these operations are carried out using a rod guide box and an X-Y indexing table localizing the 
channel to be loaded. 

A number of operations involve advanced technology which has been developed either 
within the scope of a reprocessing research and development assistance contract with COGEMA 
or within the scope of multilateral programs (Westinghouse, Framatome, EDF and CEA) 
relating to studies of behaviour of the fuel assemblies and structural components of pressurized 
water reactors. 

The removal of some fifty rods has been carried out with a Borselle fuel assembly as 
part of the reprocessing research and development and a dummy top has been re-installed on the 
structure. The FEB 34 fuel assembly of FSH2 was entirely disassembled by mechanical 
machining for expert examination of the structural parts of the skeleton. The FCEA 03 CX fuel 
assembly of CEA design, ie with sliding grid assemblies, was disassembled using a process 
analogous to that used for assembling. In both cases, the rods not involved in the examination 
programs were reloaded into a new structure and returned to the nonnal reprocessing cycle. An 
operation of the same type is in progress on the FEC 52 fuel assembly of FSH2 which has been 
irradiated for five cycles. 

It can therefore be concluded that, providing the acceptance criteria relating to the 
reprocessing workshop manipulation procedures are respected, there is no difficulty in diverting 
a fuel assembly to a laboratory for a limited or complex program. 
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