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SCK•CEN monitors the life span of foreign reactors

International demand for 
monitoring programmes

Safety is the highest priority in running a nuclear 

power plant. The condition of the steel of the reac-

tor vessel – the heart of the plant – is critical in this 

connection. In recent years, SCK•CEN has developed a 

sophisticated monitoring programme to monitor the 

degradation of the reactor-vessel steel of Belgian nu-

clear power plants. That gave rise to several demands 

to also implement these state-of-the-art material test-

ing programmes in nuclear power plants abroad. 

The safe operation of a nuclear power plant is linked to different 

parts of the plant. Some of them, such as the steam generators, 

are regularly maintained or even replaced in order to ensure secu-

rity. Replacing the reactor vessel – the vessel in which the nuclear 

reactions take place – is not technically and economically feasible. 

When the reactor vessel is no longer adequate, it signifies the end 

of the nuclear power plant. This aspect is indeed very critical for 

safety: it protects the highly radioactive reactor core, and includes 

the cooling circuit.   

ATUCHA I

Metal embrittlement may occur as a result of the ionising radiation 

to which the reactor vessel is exposed for many years. Combined 

with thermal aging, this can cause the metal to weaken. The safety 

of the reactor is no longer assured in such cases. It is therefore cru-

cial to continuously monitor the condition of the reactor-vessel steel 

with a monitoring programme (see box p. 34). SCK•CEN has unparal-

leled expertise in this area and is renowned all over the world. This 

  The capsules containing the test samples were positioned by a robotic arm developed and installed by SCK•CEN.
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can be seen from the international demand for the surveillance pro-

grammes of SCK•CEN – from Argentina, for example.

When the Argentine nuclear power plant ATUCHA I was started in 1973, 

it had no installed surveillance programme. This means that originally 

no scope was provided in the reactor to place  capsules with the sam-

ples (the samples on which the monitoring programme is based). The 

monitoring programme was only implemented at a later stage.

Phenomenon

ATUCHA I is the only commercial pressurised heavy water reactor 

in the world. This means that the reactor can use unenriched natu-

ral uranium as fuel and D
2
O or “heavy water” as coolant and mod-

erator. This concept did not allow the placement of capsules at the 

usual place in the reactor, against the outside of the core. Instead, 

the samples were installed in capsules under the core. That yielded 

surprising measurement results: the metal embrittlement of the 

samples was much greater than expected. 

  Detail of the robotic arm.

At the request of the Argentine operator NASA (Nucleoelectrica Argen-

tina Sociedad Anónima) and the Argentine authority ARN (Autoridad 

Regulatoria Nuclear), SCK•CEN commenced a search together with 

Belspo (Belgian Science Policy) in 2002 to find the cause of this phe-

nomenon. After the irradiation of the samples in BR2 and extended 

follow-up, inspections showed that the embrittlement was not abnor-

mally high this time. This supported the hypothesis that the increased 

embrittlement in the Argentine reactor was due to the placement of 

the capsules. The concentration of thermal neutrons is much higher 

below the core, thereby causing the metal to age more rapidly. 

Reconstitution (the reconstruction of samples already tested), a 

technique developed by SCK•CEN that allows more information to 

be obtained from the same sample, has confirmed this conclusion. 

Based on these findings and experimental data from reactors in 

other countries, the safety margin of the reactor could still be dem-

onstrated. The report, prepared by SCK•CEN as the coordinator of 

a pool of nuclear experts, confirmed that the life span of the plant 

can easily be extended from 40 to 60 years.  
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ATUCHA II

Recently, NASA and SCK•CEN have also collaborated closely with 

each other in connection with the ATUCHA II monitoring pro-

gramme. This larger counterpart of ATUCHA I has to satisfy the 

increased energy demand in Argentina and will be commissioned 

in September 2011. On the advice of SCK•CEN, it was decided 

to install a monitoring programme on the walls of the reactor, 

instead of below the core. This choice is intended to ensure the 

reliability of the monitoring programme.

SCK•CEN carried out a feasibility study to determine whether the 

specific monitoring programme could actually be implemented, 

and an extensive safety report with supporting evidence was 

prepared for the Argentine safety authorities. The capsules con-

taining the test pieces were placed in ATUCHA II using a robotic 

arm built and installed by SCK•CEN. A technological tour de force 

with which SCK•CEN has acquired experience since the decom-

missioning of the BR3 reactor. In 2011, further work was done on 

the PTS (pressurised thermal shock) study. In this context, the 

behaviour of the reactor-vessel steel was studied with the most 

challenging load for the reactor vessel, whereby it cools while 

continuing to remain under pressure. 

International recognition

The materials expertise of SCK•CEN enjoys high esteem in other 

countries as well. SCK•CEN was commissioned by KAERI (Korea 

Atomic Energy Research Institute), the research centre for nuclear 

energy in South Korea, and with keen interest from the safety 

authority KINS (Korea Institute of Nuclear Safety), to implement 

a sophisticated surveillance programme in South Korean nuclear 

power plants. The Spanish nuclear power plants have also called 

on SCK•CEN’s expertise to configure and install a new monitoring 

programme. SCK•CEN researchers also conducted extensive ma-

terial tests on samples from Swiss nuclear power plants.

“In recent years, SCK•CEN has been pro-
jecting itself as the research centre for 
studies in metal embrittlement in nu-
clear power plants. We not only keep 
track of the monitoring programmes for 
the Belgian nuclear power plants, but 
also offer our expertise worldwide, in: 
among others, Switzerland, Spain, South
Korea and Argentina.” 

Marc Scibetta

A sophisticated monitoring programme monitors the degradation 

of the reactor vessel material throughout the life cycle of a nuclear 

power plant. It uses test samples made from the same material as 

the reactor vessel and its welding material. These test samples are 

placed inside capsules between the reactor and the reactor vessel. 

This allows one to analyse the pattern of material properties. By 

investigating capsules at pre-set intervals, it is possible to track 

and even predict the mechanical properties of the reactor-vessel 

materials. 

SCK•CEN has tested all the capsules of the Belgian nuclear reac-

tors since their commissioning and therefore has the complete 

historical data series from this monitoring programme. For several 

years now, in addition to the mandatory tests, SCK•CEN has also 

been using a more advanced surveillance system, in consultation 

with the operator. The resulting increase in accuracy provides ad-

ditional safety. In combination with valuable historical data, these 

test methods of SCK•CEN make it the research centre of choice for 

metal embrittlement studies in nuclear power plants.

Advanced monitoring: an example of 
SCK•CEN materials expertise


