
The activities In 1983 were limited to the conservation of the complete 
loop and of the in-pile section, which is still in the BR2 reactor. 
Evaluation of the lifetime of the in-pile section has proceeded, due to 
the availability of results of the steel irradiated in BR2 from samples 
originating from the first in-pile section. As to the post-irradiation 
of the two test fuel elements, the HELM 2A test element is stored in the 
BR2 reactor pool, while the HELM 3 test element is under examination in 
KfA-JUlich. This test element will be reassembled with mainly irradia
ted pins. The reassembled test element will be returned to Mol, for 
eventual execution of a new irradiation campaign to a higher burn-up of 
the order of 100 MWd/kg. Funds for this campaign are not yet available, 
but are investigated in an European and International context. 

7. CANNING MATERIALS 

Work.carried out at CEN/SCK - MOL. 
The work performed at the Belgian Nuclear Research Center on canning 
materials for Fast Breeder Reactors (dispersion - strengthened ferritic 
steels) is going on. 

The main effort is presently concentrated on a demonstration project of 
a bundle with this canning material. The results are given in CEN/SCK 
Semi-annual progress reports. 
Recently, and in the scope of the R & I) programme coordinated at the 
European Communities level (Task Force on GCFR), the CEN/SCK has been 
involved in the evaluation of compatibility studies between canning 
n>aterlal(s) and CO, or He. 

8. GBRA - BRUSSELS 

The European Association for the Gas-Cooled Breeder Reactor (G.B.R.A.) 
has produced, in April 1982, a memorandum to the Commission of the Euro
pean Communities, entitled "DESIRABILITY OF THE CONTINUATION OF THE GCFR 
R & D EFFORT IN THE EUROPEAN COMMUNITY" ; this document has been sent to 
the members of the IAEA-IWGGCR. 

A new memorandum has been issued in June 1984 as a contribution to the 
GCFR - task force ; it covers the following items : cost of 12 year GBR 
demonstration plant programme, time required to develop, design and 
build the first GCFR demo plant, revised GCFR development philosophy. 
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Abstracts 

France operates eight reactors cooled by carbon dioxide and has 
acquired a 25% interest in a reactor of the same type built by it in 
Spain (Vandellos). From their commissioning, to 31 December 1983, 
these power plants have together generated 185 million MWh net. 
Moreover, based on its participation in the Dragon experiment, 
France focused research activities on high-tempjrature helium-cooled 
reactors, and it aiso observes the international efforts aimed to 
develop gas-cooled breeder reactors. 

1 CARBON DIOXIDE-COOLED REACTORS 

Since the shutdown of the G2 reactor at Marcoule in February 1980, 
the total installed capacity of carbon dioxide-cooled reactors is 
2030 MWe, not including the Vandellos 480 MWe power plant. Six 
reactors are moderated by graphite (natural uranium/graphite/gas 
type: Marcoule G3,' Chinon A2 and A3, Saint Laurent A1 and A2, 
Bugey 1), and the seventh by heavy water (heavy water /gas type: 
Monts d'Arrée). 



1.1 REACTOR OPERATION IN 1983 

net load cumulative 
p o w e r went output factor load 

r e a c t o r "i 1*"? critical 1983 1 983 factor 
< M W e ) (GWh) (%) (%) 

NATURAL URANIUM/CRAPHITE/CAS 

Marcoule C3 40 4/1960 203 58 6? 
Chinon A2 180 3/1965 1341 85 72 
Chinon A3 360 10/1967 1456 46 47 
Saint Laurent AI 390 3/1969 1359 40 65 
Saint Laurent A2 450 8/1971 1152 29 56 
Bugey 1 540 4/1972 2290 48 62 
Vandellos 480 5/1972 3030 72 74 

HEAVY WATER 
Monts d'Arrée 70 7/1967 217 35 56 

carbon dioxide-cooled reactors 

MARCOULE C3 (40. MWe) 

The reactor generated 203 million kWh, with a load factor of 58%*. 
This value reflects a modest operation of the installation, which 
underwent a long shutdown this year, during which the fuel channels 
were rebored to correct misalignments of the stack bricks. 

CHINON A 2 (180 MWe) 

With a load factor of 85% for the year, the operation of this reactor 
was highly satisfactory. The annual maintenance shutdown, which 
took place from 10 May to 17 June, revealed nothing abnormal. 
Despite its excellent operation, this reactor is to be shut down in 
July 1985. 

* . . , . „ net energy generated in time T load factor % = power rating x T 
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CHINON A 3 (360 MWe) 

Among the natural uranium/graphite/gas reactor range, Chinon A3 is 
the most severely affected by the problem of steel corrosion by hot 
C0 2, due to the types of material used and their assembly by non-
gastight welds. Hence, while awaiting the completion of a major 
operation, called Isis, scheduled for 1984 and intended to con Яле and 
consolidate the metal structures situited In the upper part of the 
core, the reactor was subjected to special operating conditions: 

limitation of the C 0 2 temperature at the outlet of the hottest 
channel to 385 °C, 

periodic inspection of the structures after four months of 
operation, • 

no in-service refuelling. 

This led to two shutdowns in 1983 (from 2 April to 16 August and 
18 November to 15 December) and output limited to 345 MWe. The 
arrangements made at the end of the second shutdown allowed the 
resumption of in-service refuelling, and inspection failed to reveal any 
acceleration of corrosion damage. 

Since the Safety Authorities issued a favorable decision concerning the 
methods to be implemented for the planned repairs, the latter have 
been scheduled for the second quarter of 1984. This corresponds to 
a preliminary set of works expected to last six months. They will be 
executed using a robot for which the necessary motions were simulated 
on a full-scale mock-up. 

Given these long shutdowns, the reactor only produced 1456 CWh in 
1983, corresponding to a load factor of 46%. Apart from shutdowns, 
the reactor operated successfully. 



SAINT LAURENT Al (390 MWe) 

Major maintenance operations on a turbine generator and on two 
turboblowers caused a prolonged shutdown of the installation from 
29 April to 9 September. Furthermore, a malfunction of a 
turboblower thrust bearing led to another shutdown from IS to 
31 December.' Hence annual output was only 1359 CWh, representing 
a load factor of 40%. 

Erosion/corrosion affecting the steam generators of this type of 
reactor was minor during the year 1983, in which only one leak 
occurred. 

SAINT LAURENT A2 (450 MWe) 

Following the melting of two irradiated fuel elements on 13 March 1980, 
partial filtration was installed to recover the uranium particles, and 
the reactor was restarted in May 1982. Since then, its operation 
has been affected by this filtration system, for which pressure drop 
(filter clogging] and activity limits must be observed. The latter 
condition the blower rate, and hence the power and time of operation. 

From 25 March to 7 July 1983, the reactor was shut down for periodic 
maintenance and to extend the filtered zone which proved inadequate. 
The reactor was again shut down from 9 September to 4 October 1983 
to repair a number of filter cartridges. Following this shutdown, 
the reactor reached its rating for the first time since the incident, 
but, in view of the foregoing, the load factor for 1983 was only 29%. 

Two steam generator leaks were detected in 1983. 

BUCEY 1 (540 MWe) 

Following a first half during which the reactor displayed very stable 
operation, it was shut down on 25 June 1983 for maintenance after 
1 80 days of operation without scram . The operations performed on 
a generator and three turboblowers kept the reactor shut down until 
6 November 1983. 

Simultaneous with these, operations, the shock absorber cans were also 
replaced to deal with the jamming of• these components by corrosion by 
hot-C02.. To'reduce this corrosion, the gas outlet temperature was 
lowered,'cutting the reactor's .capacity to 480 MWe (annual load factor 
48%]. 

Moreover, the injection of methane into the coolant to inhibit graphite 
corrosion of the stack creates hydrogenated deposits, causing a loss of 
reactivity. To offset this effect, a decision was taken to refuel the 
reactor with very slightly enriched fuel (0.76% U 235) effective mid-1984. 

VANDELLOS (480 MWe) (joint venture with Spain) 

As at Saint Laurent A, the erosion /corrosion process affecting the 
Vandellos steam generators remains the most preoccupying problem of 
this reactor. In fact, whereas the number of leaks was limited to 
28 at Saint Laurent AI, and 14 at Saint Laurent A2, 62 leaks occurred 
at Vandellos, where one of the two half-exchangers is partly affected. 
Apart from this factor, operation is satisfactory ( 203 days of operation 
without scram ) and the maintenance performed from 25 April to 13 May 
revealed nothing abnormal. Annual output is 3030 CWh, with a load 
factor of 72%, which is to be compared with the maximum possible of 
85% corresponding to a power limitation to preserve the steam generators. 



MONTS D'ARREE (70 MWe) 

The reactor was shut down for maintenance from 30 September to 
30 November. Shutdowns caused by problems on a turboblower 
impeller and a turbine generator cut output for the year to 217 GWh. 
This corresponds to a load factor of 35% only. This reactor, which is 
severely disadvantaged by Its small size from the cost standpoint, will 
be shut, down in July 1985. 

1.2- BEHAVIOR. OF NATURAL URANI UM/GRAPHITE/CAS FUEL. 

As of 31 December 1983.. out of 482, 100 'graphite core' fueJ elements 
loaded in the Chinon, Saint Laurent and Vandellos reactors, only 
seven clad failures occurred that could not be attributed to operating 
faults (like the incident at Saint Laurent Al on 13 February 1980). 
The failure rate of 1.4• 10~5 confirms the outstanding reliability of this 
type of fuel. 

As for the annular fuel element of Bugey 1, three clad failures 
occurred out of 77,200 elements loaded. This corresponds to a 
failure rate of 3.7-10"5, which is also very satisfactory. 

1.3 RESEARCH AND DEVELOPMENT 

The abandonment of the natural uranium/graphite/gas reactor by 
France in 1969 stopped research and development on this type of 
reactor. With the ageing of the installations, research has been 
resumed in recent years, with the aim of demonstrating the reliability 
of certain repairs and maintenance operations, and to build 
appropriate tools. This includes operations performed on Chinon A3 
to.try to repair the upper structures affected by steel corrosion by 
CO,. 

2 HICH-TEMPERATURE REACTORS 

In the year 1983, a test program was prepared on heat insulation 
panels in normal and incidental conditions (up to 1260 °C) on behalf 
of General Atomic Company. The Carmen 2 test facility (helium at 
high pressure and high temperature) was subjected to maintenance work, 
while awaiting a testing schedule of hot duct and steam generator models 
which were installed in 1980. 

Similarly, the Comédie in-core test, loop was kept in condition for 
subsequent tests. ' Thé very limited budget allocated by the CEA 
to high-temperature reactors in 1983 only allowed' active standby, 
with attendance at the principal meeting's.' " 

3 CAS-COOLED FAST REACTORS . 

The CEA and EDF have observed design work on a helium-cooled 
1300 MWe reactor conducted within the framework of Institut National 
des Techniques Nucléaires at Saclay. They feel that the 
Commission of European Communities could justifiably fund a two-year 
research and development program aimed to clarify certain technical 
aspects of the gas-cooled fast reactor, whose potential advantages 
concerning the breeder rate and investment cost need clarification. 

4 PUBLISHED REPORTS 

D. Bastien 

Concept, evolution, and reliability of the fuel element for French 
cooled reactors. 

IAEA Specialists' Meeting (18-21 October 1983, Moscow) 


