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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?
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Given that hydrogen flakes are parallel to the reactor vessel wall 

(quasi-laminar), they examined in the first phase the Doel 3 spare 

surveillance material in order to check the effect of specimen 

orientation on the fracture properties of the vessel material. 

In the second phase, the effect of macrosegregation on the 

mechanical properties of the vessel material was evaluated. For 

this purpose, the Doel 3 nozzle cut-out (a remainder from the 

construction of the reactor vessel, see page 45, centre picture) 

was used. The third phase consisted of the examination of a 

material containing hydrogen flakes that was supplied by France 

and that can be considered as representative of the vessels of 

Doel 3 and Tihange 2. The purpose was to find out how the 

material surrounding the hydrogen flakes is affected by their 

presence.

Little impact
The more than 550 tests led the investigators to conclude that 

the effect of the presence of hydrogen flakes on the mechanical 

properties was very limited. To assess the behaviour after 

irradiation, the slightly enriched chemical composition in this 

zone, i.e. the increased presence of zinc, copper and phosphor, 

has been considered according to globally validated assessment 

formulas. All the tests show that the presence of hydrogen flakes 

has a limited impact on the fracture behaviour of the material. 

Authorization for one year
FANC gave permission for an operating cycle of about one 

year for both nuclear reactors, pending to some additional 

investigations. To that end, the investigators of SCK•CEN will 

conduct an experiment in 2014 in the 

BR2 reactor to assess the effects of 

irradiation on the French test material 

containing hydrogen flakes, in order to 

verify the abovementioned assessment 

formulas.

representative material containing a 

lot of hydrogen flakes. The impact of 

irradiation was evaluated based on 

the measured chemical properties 

of the material. The hydrogen flakes 

are indeed closely connected to the 

presence of the ‘macrosegregation 

zone’, a zone enriched in impurities and 

alloying elements which occurs during 

solidification. For the test programme, 

the investigators used three blocks of 

material in consecutive phases.

SCK•CEN has always 
carried out the surveillance 
programmes of the Belgian 
nuclear power plants and can 
boast extensive experience in 
this field, both nationally and 
internationally. 
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