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SCK•CEN conducted hundreds 
of tests on materials represent-
ative of the Doel 3 and Tihange 
2 reactor vessels. From all 
angles the indications of flaws 
in de pressure vessels were 
studied. The potential impact 
on the integrity and the safety 
was thoroughly analysed. 

Leo Sannen
Nuclear Materials 
Sciences Institute 
Manager

550
550 tests for 
Doel 3 and 
Tihange 2

Is the BR2 reactor still so interesting 
that it has to last for at least 
another ten years?
Steven Van Dyck: BR2 is the biggest and 

most flexible materials testing reactor in 

Europe today. Because of developments 

in the use of the reactor, the possibilities 

of the equipment, and the potential 

for future applications, BR2 continues 

to make an essential contribution to 

the short- and medium-term goals of 

SCK•CEN. Did you know that the reactor supplies 20 to 25% of 

the annual worldwide demand for radioisotopes for medical and 

industrial applications? A considerable proportion of the global 

production of high-grade semiconductors for (renewable) energy 

applications in the shape of neutron-doped silicon is produced 

in BR2 as well. It contributes to research projects to enhance the 

safety of existing and future nuclear reactors, as well as to the 

development of materials and technologies with a reduced risk 

of proliferation of nuclear weapons.

So a modern nuclear research centre still needs a high-
performance irradiation facility. 
Steven Van Dyck: Yes, BR2 is and remains such an infrastructure. 

The purpose of this third major overhaul campaign is to guarantee 

the correct operation for at least the coming period, and to bridge 

the gap to the start-up of the MYRRHA facility.

Michael Källberg: BR2 has been in operation since 1961, which 

is more than five decades!

The commissioning of the MYRRHA reactor is scheduled 

for 2025, which means that BR2 still has to last a while. For 

five decades now, it has played a pioneering role in research 

into applications of nuclear technology for power generation 

and in the medical sector. The time has therefore come for 

a third major overhaul. And for an interview on the subject 

with Steven Van Dyck and Michael Källberg.

Major overhaul of BR2 reactor requires 
accurate calculation of core elements

Interview with 
Steven Van Dyck, BR2 reactor 
manager and Michael Källberg, 
Experimental Rig Design

Until the 
puzzle fits 
together
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Replacement of beryllium core

What is the starting point for the 
maintenance project of the BR2 
reactor?
Steven Van Dyck: The project is based on 

a systematic analysis of the risks, taking 

into account the ageing of the installation, 

changing regulations, and the demand for 

new applications. Based on this analysis, 

we are investing substantially to ensure 

that BR2 can continue to fulfill its role from 

2016 to 2026 within the applicable safety 

standards. There is one maintenance 

operation that is the most important of all. 

Which is?
Michael Källberg: The replacement of 

the beryllium core of the BR2 reactor. That 

core has a legally stipulated maximum 

useful life. Beryllium has a limited lifespan 

of around 15 years as it begins to deform 

under the effects of irradiation. Although 

we have not yet reached the limit, the 

lifespan of the beryllium currently in the 

reactor does not extend to 2026. For 

that reason we have opted for preventive 

the conclusions of the stress test for BR2 

into measures to further improve the 

safety of the facility, even under extreme 

external conditions such as earthquakes.

Drawings from 1978

Michael Källberg: During the last 

overhaul, drawings were used based 

on drawings made in 1978 by the firm 

LaMeuse. The entire matrix was replaced 

in 1978 and the reactor was started 

again from scratch, just like we are doing 

now. In 1996, the elements of the zero 

power model of BR2 were recycled, 

and only a few new components were 

purchased. That is why we decided to 

take the structural drawings of 1978 as a 

reference. But are those drawings totally 

accurate? To find that out, we started with 

new 3D drawings. It was not our intention 

to make changes to the original design.

And were the drawings right?
Michael Källberg: I discovered that the 

advanced hyperbolic puzzle of hexagons 

did not really fit together perfectly! In 3D 

CAD software, the surfaces must be 

really parallel. In the nineteen fifties, a 

team of thirty draughtsmen would spend 

almost a whole year on the calculations. 

People make mistakes, and therefore 

those drawings lacked precision here 

and there. When I let the computer work 

from those drawings, the pieces did not 

fit. I was therefore obliged to go back to 

the fundamental definition of the matrix 

design, the definition of hyperboloids. 

Now we have been working on the 

design with four CAD engineers for five 

months, and the job is done!

replacement, which will allow a more intensive and more flexible 

use of the reactor. In this way, we can cater to the changing and 

growing demand for irradiation services.

Why is the core made of beryllium?
Steven Van Dyck: The complex geometry of the reactor core is 

designed for maximum accessibility to a compact high-perfor-

mance core. This is made possible by using beryllium as building 

material for the central part. This very light metal, which absorbs 

few neutrons, allows us to manufacture a much more compact 

reactor core, compared to a water or graphite filled reactor. 

Michael Källberg: The reactor channels have a hyperbolic 

paraboloid structure. Each channel is made of a stainless steel 

top part with cooling holes through which the water can flow to 

the fuel whilst experiments can be positioned in the middle. There 

the channel is made of beryllium, a very light metal. Underneath 

the beryllium core there is another stainless steel part with cooling 

holes to the outside. The parts are held together by conical keys.

The reactor core had already been replaced in 1979 and 
1996. Are there any lessons to be learnt from that?
Steven Van Dyck: The original design of the reactor core has 

been duplicated and adapted to modern design methods to 

make the structural drawings for the present and extremely 

precise construction. This reduces the risk of having components 

altered. This makes the operation safer and more efficient for 

the operators. We have also updated the specifications of 

the components and started the manufacturing. The major 

overhaul and the replacement of the essential components of 

the reactor and the irradiation equipment for the users are also 

in preparation. Additionally, we are in the process of translating 
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You mentioned paraboloids and 
hyperboloids. What do they look 
like?
Michael Källberg: Take, for instance, 

a bundle of twisted toothpicks. Each 

toothpick has a hexagonal shape and 

touches its neighbour just 0.0254 mm 

apart. To get that exact ratio, each 

hexagon has to be slightly distorted. 

The distortions are dependent on the 

gradient of the channels, which in turn 

depends on the distance from the centre 

of the core. This gigantic puzzle was 

described in inches on the drawings. A 

typical measurement on the drawings 

was 3.790 inches, which converts to 

96.266 mm. The mathematically correct 

measurement, however, is 96.234 mm, 

which is a correction of 0.032 mm. Well, 

such a toothpick no longer fits the model. 

In actual fact, though, those minor 

differences will be smoothed away in the 

production tolerances. But to check the 

hexagons in the CAD system, we used 

the geometric calculations to more than 

ten decimal place accuracy. The old 

drawings were then compared to the 

new ones. Was there a difference? Then 

we checked: did we or the draughtsmen 

back in 1978 make a small mistake?

Start at end of 2014

Is beryllium dangerous to work with?
Michael Källberg: Yes, you have to watch out! Beryllium metal 

is relatively harmless, but beryllium oxide is toxic and dangerous 

if you inhale the dust. Mechanical processing of beryllium 

where dust and oxide may be generated is therefore a high-risk 

operation and somewhat similar to working with asbestos. There 

are only three countries in the world that supply beryllium: the 

United States, China and Kazakhstan. This means there are not 

many companies that can produce beryllium with the requisite 

high tolerances. So we had to choose two manufacturers: one 

for the stainless steel components and another for the beryllium. 

At SCK•CEN we assemble and test the components in a copy 

of the reactor. There we can assemble the matrix and check 

whether all the parts fit together before placing it in the BR2 

vessel.

How long will it take to replace the reactor core?
Steven Van Dyck: More than a year starting from the end 

of 2014. In the run-up we will be busy making technical 

preparations and replacing other parts of the installation. In the 

spring of 2016, the new reactor core will be tested to make sure 

it is equivalent to the present core. By mid-2016, the facility will 

be available once more to provide essential scientific services for 

the next ten years.

Nuclear installations in Belgium are thoroughly inspected, which 

is legally required. During an extensive ultrasonic examination of 

the reactor vessel of Doel 3 in June 2012, a large number of 

hydrogen flakes were found. These hydrogen flakes are known 

to occur when the thermal treatment of the reactor vessel during 

manufacturing is not performed completely correctly. Identical 

A first analysis of the impact of the hydrogen 

flakes in the material of the reactor vessels of 

Doel 3 and Tihange 2 shows no significant 

influence on the mechanical properties. This 

was the conclusion drawn after more than 550 

tests in which the SCK•CEN experts participated 

intensively. Both reactors were given the green 

light by FANC to start up again and run one cycle. 

In parallel, on specific request of the Belgian 

safety authorities, an interim research programme 

was set up to study the effects of irradiation on 

the material. The BR2 reactor will be engaged for 

this research.

550 tests to support Tihange 2 and 
Doel 3 integrity assessment
Extensive research based on SCK•CEN’s long-term expertise

findings, to a lesser extent however, 

emerged during the inspection of the 

reactor vessel of Tihange 2. This was 

expected, as both vessels were made at 

about the same time, in the same way 

and by the same manufacturer.

Integrity assessment
The Federal Agency for Nuclear Control 

(FANC) asked the operators of Doel 

and Tihange to evaluate the integrity of 

the reactor vessels, as required in such 

situations by the current standards and 

codes. To assess the vessel integrity, 

the properties of the material have to be 

determined. The operators called upon 

the expertise of SCK•CEN to start up a 

test programme. SCK•CEN has in fact 

always carried out the reactor pressure 

vessel surveillance programmes of the 

Belgian nuclear power plants and can 

boast extensive international experience 

in this field.

Three phases
SCK•CEN was initially involved in the 

material test programme to assess the 

mechanical properties of the reactor 

vessel. As no irradiated material was 

available and as it is impossible to use 

material from the vessel, the assessment 

was performed on a non irradiated 

Did we or the 
draughtsmen back 
in 1978 make a 
mistake?


