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Introduction & Objective

In total, 492 tons of graphite acts as moderator and reflector for the BR1 ( Belgian Reactor 1), located at the site of SCK-CEN (Studiecentrum voor Kernenergie) in
Mol. Radionuclides in the graphite are produced due to nuclear reactions between neutrons and stable nuclies, mainly impurities in the graphite, since the start
of the reactor in 1956. The objective of this work was to carry out a numerical simulation of the graphite activation in the BR1 to estimate the radionuclide
inventory and specific activity at different locations in the graphite structure. The Monte Carlo burn-up code ALEPH was used for the complex calculation. The
fuel configuration changes have been taken into account as well. Together with the current acceptance criteria for surface disposal, published by
NIRAS/ONDRAFt there was discussed which volumes were suited for surface or geological disposal.

Figure 1: Spare blocks of BR1 graphite moderator

Methodology Results

The differential equation which describes the production and decay of ®°Co by neutron
activation of *>°Co and the corresponding solution for the activity are illustrated below: 700
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59Co—(n,Y)—=60Co (n,Y)—=—61Co Ocm | 120cm | 240cm | 300cm | Ocm | 120cm | 240 cm | 300 cm
B A0.18 213 214 215 216 PSD PSD SD SD
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Figure 3: A0.14 | 424 | 425 | 426 | 208 | PsD | PsD | PsD | psD
= Production and decay scheme of ¢°Co, starting AO.11 421 422 423 207 PSD PSD PSD PSD
Figure 2: from >°Co with (n,y) reaction
Legft' Picture of BR1 20:8 e L 2l 206 PSD PSD PSD FSD
Right: Front view of computer geometry of graphite matrix and fuel channels in BR1. A0.6 415 416 417 205 PSD PSD PSD PSD
A0.4 412 413 414 204 PSD PSD PSD PSD
The complete impurity list for graphite A & B was implemented in the model AO.2 409 410 411 203 PSD PSD PSD PSD
The loaded fuel channel configuration changes during the operation of the BR1 were A0.0 406 407 408 202 PSD PSD PSD PSD
implemented, starting at 501 channels loaded until the 552 current configuration. D1.3 403 404 405 201 PSD PSD PSD PSD
Figure 6: c2.3 400 401 402 200 PSD PSD PSD PSD

Many graphite samples were defined in the graphite stack at different locations, shown in
Figure 6. This was done to see the impact of the place-dependant neutron fluxes and spectra
as well as graphite A & B quality on the graphite activation.

Discussion & Conclusion

The measurements show a big variation compared to the computer simulation. This result can be explained by the possible variance in impurity concentration between the individual graphite blocks of
the same quality. It was impossible to prove this assumption because only one measurement was carried out on virgin graphite in the past. This show that the graphite composition, which was used in

the computer model has the major impact on the graphite activation. Regarding the disposal option, all graphite volumes were destined for “possible surface disposa

Channels and axial positions of the 44 graphite volumes where the activation calculation has been performed on at the end of

2012. The brown colour represents graphite A quality, while the red graphite B. Based on the X and Y criteria for radiological
wastelll the current simulation shows the graphite regions for surface disposal (SD) and possible surface disposal (PSD).
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except graphite material 215 and

216, which are located at the outside of the pile, in massive graphite B blocks. This result demonstrates that the 42 out of the 44 volumes use more radiological capacity than an average waste package
(Y criterion value > 1). The dominant radionuclides for the Y criterion value were 3¢Cl and ®*Nb.

Promotoren / Copromotoren:

Prof. dr. SCHROEYERS Wouter - UHasselt

Prof. ir. VAN ISEGHEM Pierre & dr. MALAMBU MBALA Edouard - SCK-CEN
References: [1] Surface waste disposal acceptance criteria, NIROND-TR 2007-05,2008

SCK-CEN ACADEMY

FOR NUCLEAR SCIENCE AND TECHNOLOGY

STUDIECENTRUM VOOR KERNENERGIE
CENTRE D'ETUDE DE L'ENERGIE NUCLEAIRE

yniversitel
»» NAsselt



