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A B S T R A C T 

This document defines the main objectives of stage 2 dismantling of the 
Rapsodie experimental fast neutron reactor and specifies its time schedule. 
The work already in progress consists in containing the reactor vessel and 
its internai équipement, as well as the neutron protection concrete, inside 
the two leak-tight barriers, and in dismantling all the systems and equipment 
systems contaminated by sodium. 
This work, which includes the destruction of 37 metric tons of contaminated 
sodium from the primary system, was begun in 1987 and will be completed 
in 1994. 
The duration of the waiting period for complete dismantling (stage 3) has 
not been defined. However, the containment and monitoring means 
implemented should allow a safe waiting period of several decades. 

1 INTRODUCTION 

The RAPSODIE experimental reactor - the first French reactor in the fast 
neutron system - went critical for the first time in 1967. 
This reactor, operated by CEA ("Commissariat à l'Energie Atomique" : 
Atomic Energy Commission) on the CADARACHE site, was shutdown on 
April 15th, 1983. Various modifications made to the core configuration have 
allowed the operating power to be increased from 20 to 40 MWTh. The 
r'ecision on ^commissioning was taken following the appearance of a 
sodium microleak on the main vessel. 
The pre-decommissioning operations tcok place from 1984 to 1986. During 
this time, an appraisal programme was drawn up and begun. This 
programme had to be scrapped in 1986 for budgetary reasons. The CEA, 
therefore, decided on partial dismantling. 

2 GENERAL OBJECTIVES ON ACHIEVING STAGE 2 AND WORK 
PROCEDURE 

The dismantling operations involved in the context of partial dismantling 
(stage 2 in IAEA classification) are designed to decrease the residual activity 
in the installation, to confine this activity and thereby to cut down on 
monitoring and checks pending complete dismantling which could, 



at present, be envisaged in 25 to 30 years time. This work also includes the 
destruction of contamined sodium from the primary system. 
The planned containment actions are reversible i.e. they will in no way 
hinder the complete dismantling work. 

Owing to the options retained in the choice of structures to be dismantled, 
the chronological order proposed for the main operations is the following : 

a) removal of the reflector assemblies from the basic nuclear facility, 
b) removal of miscellaneous irradiated equipment and waste contained in the 

interim storage wells (experimental devices, basic control devices, etc.), 
c) isolating the reactor plant from contaminated systems, 
d) washing and decontamination of the systems isolated from the reactor 

block, 
e) dismantling the systems, 
f) final containment of the reactor block, 
g) setting of installations into safety configuration, 
h) destruction of contaminated sodium, 
i) general sanitizing. 

3 DESCRIPTION OF THE INSTALLATION 

3.1 The RAPSODIE installation consists of five main buildings and various 
auxiliary buildings (figure 1). 
Two buildings have restricted access : 
- The reactor building or containment vessel which includes: 

. the reactor block consisting of the reactor vessel, its safety vessels, and 
its biological protection, 

. the primary sodium loop and its components, 

. the auxiliary systems of the reactor. 
- The active building which includes : 

. the pool used for irradiated fuel decay interim storage, 

. the cell used in the dismantling of irradiated components, 

. the washing area for equipment contaminated by sodium, 

. various dismantling or storage areas for contaminated or irradiated 
equipment. 

3.2 The primary cooling system, in which the sodium circulated, was 
made up of two separate loops confined inside the inaccessible areas during 
operation. 
All piping and tanks making up this installation had double, stainless steel 
walls. 
Each loop was equipped with a pump and an exchanger in which the 
secondary coolant was also sodium. 



During operation, the sodium came out of the reactor at about 500°C and 
returned at a temperature of 400°C. 

3.3 On starting the dismantling work, the installation was in the following 
state: 
- Primary system has been totally drained after removal of the assembly 

fuels. The sodium, partially purified from 1 3 7Cs, has then been put into 
cold storage in the former flooding tank. 

- Secondary system has been drained, and part of this system is used by 
the R and D installation (building 210). The links have been removed. 

After drainage, about 200 kg of sodium remain in the vessel. Most of this is 
made up of oxide deposits adhering to the wails but there are also some 
"puddles" of sodium trapped during drainage. For this reason, the vessel is 
being held and will be kept in a nitrogen atmosphere at an overpressure of a 
few millibars. 

4 DISMANTLING OPERATION 

4.1 Isolation and containment of the reactor 
The main reason for confining the reactor block is to enclose all the activity 
in the plant within a limited solid structure. In addition, owing to the sodium 
residue in the unwashed vessel, that vessel must be constantly maintained 
in a nitrogen atmosphere in order to avoid reactions with atmospheric 
humidity. 

The final containment work mainly involves : 
- the blanking of the upper part of the vessel, above the rotating plugs, by 

installing a double shell, 
- the suppression of the sections of the primary system coming out from 

the lateral sides or the reactor block (remained in place after work in the 
first phase) their blanking as close as possible to the structural concrete 
and their containment, 

- the blanking of various irradiation channels or equipment opening on the 
lateral sides. 

In this way, the continuity of two successive leak-tight barriers is ensured 
(figure 2), by means of : 
1) The vessel completed by an upper closure head. This assembly is made of 

stainless steel and constitutes the first barrier. 
2) The outer enclosure of the concrete made of rare earth (or Sercoter 

concrete) completed by a series of steel housing on the six sides of the 
reactor block, makes up the second barrier. 



4.2 Washing of the primary system 
The washing of the primary system, after it has been separated from the 
vessel, had three purposes, as follows : 
- Neutralizing of the sodium residue in the systems. This neutralization was 

achieved by transforming the sodium into a soda-free alcoholate which is 
inert in relation to the system wall corrosion. 

- Initial decontamination of the systems after rinsing with water, by 
eliminating some of the , 3 7Cs present on the walls. This procedure was to 
allow the reduction of the exposure dose for personnel during subsequent 
dismantling operation. 

- Preparation of the system for the following decontamination operations. 

The experience acquired during the first attempts in May 1986 led to the 
washing of components in situ to be abandoned as it involved high risks of 
blockage : narrow diameter pipes, purification circuit. The vessel and its 
internal equipment were also extruded from washing as the washing 
procedure offered no advantage compared with the risks of vessel corrosion 
involved. 
The washing of the primary system was performed during the second 
quarter of 1988. 
This operation required the use of 4,200 litres of alcohol and 11 m 3 of water 
for the various rinsing procedures. An activity of 4.2 10 1 1 Bq in 1 3 7 Cs was 
eliminated from the surfaces then partially trapped on the ion exchanging 
resins. Finally, this operation has therefore allowed : 
1 ) The elimination of all traces of sodium which may remain in the system, 

which will greatly improve the safety of future work. 
2) The transfer of a large part of the labile contamination ( 1 3 7Cs essentially). 

Thus dose rates were generally reduced to a factor of 10 with results in 
the vicinity of 100 in places. 

The totality of the washing operations allowed the destruction of 125 kg of 
sodium of which 94 were in the storage tank. 

4.3 Decontamination of the primary system 
It was decided to decontaminate the primary system in situ for three main 
reasons : 
- To minimize the risks run by personnel during dismantling of this system 

and of its neighbouring equipment. 
- To reduce the cost of dismantling by, among other things, decreasing its 

duration by the use of high speed cutting mechanisms such as the plasma 
torch. 

- To render the waste safe. 



In addition, the equipment installed to carry out the system washing was re
used, thereby reducing the investment cost. 
This operation was carried out in 1989. 

- The process retained for the decontamination of the system was the 
following : 
. washing with caustic soda at a concentration of 1 mol x 1 1 to 60°C, 
. rinsing with demineralized water at room temperature, 
. decontamination by a sulfo-nitric mixture with the addition of Ce l v, at 

60°C (HNO3/2 mol x V + H2SO4/0.5 mol x i ' ) , 
. rinsing with demineralized water in two stages, trisodic phosphate 

being added to the second rinsing water in order to passivate the 
chemically "attacked" surfaces, thereby rendering them less sensitive 
to corrosion pending dismantling. 

In order to limit the volume of liquid effluents, the vessels and systems to be 
decontaminated were treated either by flooding and recirculation (the lower 
sections in particular) or by spraying (the upper sections of the vessels. For 
the same reason, each loop of the system was treated as an inner loop of a 
lesser volume. 46 m 3 of effluent were produced. An activity of 102,250 
MBq mainly due to 1 3 7Cs, was eliminated from the primary system. 
The average erosion of the internal decontaminated area (164 m2) is 12 //m. 
The residual activity - measured first from the samples taken after 
decontamination and then throughout dismantling - is essentially due to 6 0Co 
from the activation of steel elements. 

4.4 Dismantling the primary system and its auxiliary systems 
In order to avoid any risk of accidentally or inadvertently dispersing pockets 
of contaminated and corrosive liquid when dismantling the primary system, 
openings were made beforehand at all the low points of the system on 
completion of decontamination operations. This work showed that there 
were, in fact, no pockets containing liquid. 
The pipes and tanks were cut out using the plasma torch except in "high 
risk" areas where the cutting was performed using a saw or chain saw. 
All components of the primary system (pipes, tanks) were previously drawn, 
in order to define the cutting line, and were individually marked to facilitate 
future radiological identification of each waste product. The dismantling 
operation produced 521 components, the largest dimensions of which did 
not exceed one metre. 
The cutting of the primary system required 650 metres of plates or pipes, 
between 3 and 12 mm thick, involving a total of 51 men per working day. 
This represents, therefore, a daily production rate of 12,75 m per day per 
man. This production rate was, however, 29 m per day per man during 
cutting of the overflow vessel, the work area having been centralized and 



access made easier owing to a scaffolding. The weight of waste produced 
by this dismantling operation was 13,472 kg of stainless steel. 

4.5 Rejection of reflector assemblies and other irradiated equipment as 
waste 

4.5.1 Reflector assemblies 
The stacking of the core involved, among other things, the positioning of 
468 reflector assemblies (222 were of nickel, 246 of steel) on the core grid. 
The majority of these elements, having spent most of the reactor operating 
period in the vessel, were highly irradiated. They represented, in 1987, a 
global activity of about 130,000 Curies. Seventy reflectors were taken out 
of the tank during decommissioning and temporarily stored in the cooling 
pond. In 1987 it was decided to take all the reflectors out of the vessel and 
to store them at the Cadaracne site awaiting treatment before sending them 
to a final repository. In order to handle these reflectors, the entire handling 
system had to be available. Consequents ,,l heavy equipment was "frozen" 
and could not be dismantled ; to ma' . n serviceable condition was 
unthinkable. In addition, these operations required a large and competent 
workforce, the need for which disappeared very rapidly after shutdown. 
The total operation involved retrieving the reflectors form the vessel, 
washing them in order to eliminate traces of sodium, and installing them in a 
storage container. It stretched over a period of two years requiring a 
workforce, of 860 men per day with a production of 72 container. 

4.5.2 Irradiated equipment 
The removal of control rod mechanisms and experimental devices present in 
the installation demanded the same procedure. This equipment had to be cut 
up however : 
a) In order to eliminate the slightly activated parts which were sent to the 

low-activity waste site, 
b) In order to fit the dimensions of the storage containers. 
This campaign went on for 12 monts with a production of 32 containers. 

4.6 Destruction of sodium in the primary system 
Originally, the 37 metric tons of contaminated sodium from the primary 
system were to be removed from the installation for re-use. For this 
reason, the sodium was partially purified of its main contaminant ( 1 3 7Cs). 
This transfer did not take place and no other re-use occurred. 
In 1989, following the good results of the NOAH prototype allowing the 
direct transformation of sodium into aqueous caustic soda, it was 
decided to employ this procedure to eliminate the 37 tons of 
contaminated sodium which had become a potential hazard. The 
adaptation of the NOAH procedures to meet with the requirements of 



RAPSODIE, called DESORA, should allow the transformation of this 
sodium into about 160 cubic meters of concentrated aqueous soda in 
situ which will be sent to a COGEMA centre and used for pH correction 
of effluents. Figure 3 gives a diagram of this installation. The equipment 
has been installed in the middle of 1992. The tests took place during the 
year 1993 and the work is planned to be completed in April 1994. 

The estimated activities of sodium and soda were as follows : 

Total 
activity 

Bo 

Sodium 
Bq/kg 

Soda 
Bq/m3 

1 3 7 Cs 220x TO9 6x 10 9 1.5 x 10 9 

"Na 3 7 x 1 0 9 1 x 10 9 0.3 x 10 9 

3H 1 0 x 1 0 9 0.25 x 10 9 0.06 x 10 9 

4.7 Waste products and other assessments 
High-activity waste, including the nickel and steel reflector assemblies as 
well as the irradiation devices, accounts for most of the removed activity 
(# 4,800 TBq). Low-activity waste which, until 1989, was sent to the 
storage centre, have been treated by the melting furnace installed at 
Marcoule in the context of G2/G3 dismantling work. The production of liquid 
effluents depended mainly on the washing and decontamination operations. 
The dose assimilated by the whole personnel having worked on the 
installation since 1987 is 224 mSv. The dose assimilated during the year 
1988 was 117 mSv, due mostly to the work of separating the reactor vessel 
from the primary system before the latter was washed and decontaminated. 
This illustrates the importance of decontamination which solved this problem 
as the total dose assimilated during the complete dismantling of the system 
was only 1.5 mSv and the one corresponding to the decontaminating 
operation was 4.8 mSv. 

5 FINAL STATE AFTER PARTIAL DISMANTLING WORK 

The partial dismantling work on the RAPSOUIE reactor began in 1987 and 
will be completed in 1994. It consists in containing the reactor block inside 
two successive leak-tigrr barriers strengthened by concrete biological 
protection walls. This containment includes the reactor, its safety vessels, 
its internal components (with the exception of ieflector assemblies) and rare 
earth concrete, which make up all the highly irradiated equipment of the 
installation. The activity thus contained was estimated at 600 TBq in 1990. 
The reactor block which retains some sodium residue after being drained ' 
maintained under a nitrogen blanket (Figuie 4). This state of containment 
will be ensured in order to allow safe storage under constant monitoring for 



a waiting period of several decades before proceeding with complete 
dismantling. 
All the equipment and systems outside the reactor block having conveyed 
contamined sodium, together with all equipment having carried or been 
exposed to components contaminated by sodium, were entirely dismantled 
with the exception of two cold traps pending treatment which is still being 
perfected. 
The reactor building will, therefore, be closed, and access will be limited to 
handling, monitoring and servicing requirements. Its basic nuclear 
installation status will, therefore, be maintained for the time being. 
The active building will be used for new various nuclear needs. The pool will 
be removed. This building will no longer be in the perimeter of the basic 
nuclear facility and will be classified environment protection installation. 



capon the plugs. 

seal off the —~=r 
upper part 
main vessel 
1st barrier 

SERCOTER 
concrete 

2«»barrier__ 

FIGURE 2 CONFINEMENT BARRIERS 

INSTALLATION OF DESORA IN RAPSOtNE 

sonfMvntfli \ 

•4ud wflucni 
rtmovii station 
tamartrucN 

aw •« 

suet 
joaun 

f 
rromr 

or**— 'minci: 

j _ u MOuncrert 
- _ * Miad t m a n weal 
xm g*MOU* fttMK «Cut 

MWucaen iKMf 
MOAM 

U K , ,;CQ 

*» => ' jaZ--- iW- -ail 11 

Mi» ^ 7 
KiMf m«MI__) • 
tant ITTj. 

,u»o 

M»0 - i l l -

11 

' ' ' ." 3 iqud «ifluint 
<tw<9* 

FIGLTU J 

Ai 

MTHOCEN r t D M CmClTT 


