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FUNDAMENTAL PRINCIPLES OF THE BELGOPROCESS 
STRATEGY 

 
ω In the last decade, Belgoprocess applied the clearance practice in 

view of optimising the volume of radioactive waste for treatment 
and disposal 

ω Initially clearance was based on surface contamination monitoring 

ωOn annual basis several hundreds of tons of decontaminated 
materials are recycled through the use of the clearance principle 

ω Decommissioning activities on industrial scale with special 
emphasis on 

ςWaste minimisation 

ςIntensive decontamination to unconditional release levels 

ςMinimisation of D&D costs 



FUNDAMENTAL PRINCIPLES OF THE BELGOPROCESS 
STRATEGY 

 ω This can be achieved in optimising commercially available 
technology on an industrial scale 

 

ω  Specific radiological characteristics of BP installations 

ς a, b contamination versus b,g activation (power plants) 

ς  tǊƻǘŜŎǘƛǾŜ ŎƭƻǘƘƛƴƎΣ ōǊŜŀǘƘƛƴƎκŎƻƻƭƛƴƎ ŀƛǊ ƛƴ ŀǊŜŀΩǎ ǿƛǘƘ ƘƛƎƘ ŀƛǊ   
contamination 

ς  Hands-on decommissioning, in case of low dose rates 

 



FUNDAMENTAL PRINCIPLES OF THE BELGOPROCESS 
STRATEGY 

 
ω In Belgium, Belgoprocess was a pioneer in decommissioning and the 

application of the principle of clearance on an industrial scale 

ω A pilot-project has been achieved from 1988 till 1991 

ωTwo storage buildings for uranyl nitrate, plutonium oxide and 
spent solvents were emptied and decontaminated 

ωResult was restoring green field 

ωAbout 65% of all metal material could be unconditionally 
released 

ω The clearance methodology comprised 2 successive measurements 
of the complete surfaces 

 



FUNDAMENTAL PRINCIPLES OF THE BELGOPROCESS 
STRATEGY 

 

ω Before demolition, core samples were taken from concrete 
structures for analyses 

ω Finally 2.350 Mg of concrete was removed to  a public disposal 
site for inert wastes 

ω Health Physics department contributed for about 16% to the 
overall decom. costs due to the extensive monitoring ( 10.000 
m² of concrete structures) for clearance purposes 

 

 



Pilootproject 



FUNDAMENTAL PRINCIPLES OF THE BELGOPROCESS 
STRATEGY 

 
ω In 1989 the decommissioning of the main process building 

Eurochemic was started 

ω In view of the results obtained in the pilot project, a lot of 
emphasis was put in the optimisation of methods and 
techniques for decontamination of concrete and metal 
components 
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FUNDAMENTAL PRINCIPLES OF THE BELGOPROCESS 
STRATEGY 

 

 

 

Item 
 

Building 6A and 6B 
 

Main process building 
 

Contamination: - surface 
                           -  in depth 
 

- low in a, b , g  
- almost none 
 

- low to high in a, b , g 
- commonly observed (e.g. due to 
cleaning with high pressure water 
jet) 
 

Historical information 
 

Well known 
 

Partially known 
 

Pipe penetrations 
 

Easy to remove 
 

Complex structures for shielding 
purpose 
 

Dose rate 
 

low 
 

Low to high; presence of hot spots,  
mSv/h  
 

Total concrete 
 

2.400 Mg 
 

28.000 Mg 
 

Total concrete surface  
 

5.000 m² 
 

55.000 m² 
 

Total amount of metals 
 

47 Mg 
 

1.500 Mg 
 



FUNDAMENTAL PRINCIPLES OF THE BELGOPROCESS 
STRATEGY 

 
Á As decommissioning activities are proceeding a strategy has to 

be defined relating to the final decom. phase, i.e. the 
demolition of the remaining concrete structures 

Á A final clearance methodology is set up in view of demolition of 
the building 

Á Application of the methodology applied for the storage 
buildings of the pilot project is  too complicated for several 
reasons 

 



FUNDAMENTAL PRINCIPLES OF THE BELGOPROCESS 
STRATEGY 

 
Á The most important are: 

ÁThe type and spread of contamination, cleaning with high 
pressure water jet technique, which caused in-depth 
penetration of contamination 

ÁDuring dismantling a lot of aerosols are generated due to the 
use of specific cutting techniques as plasma cutting 

ÁThe total concrete surface is large and will require extensive 
manpower if all surfaces have to be monitored twice 

ÁTaking core samples at most contaminated areas would result in 
a large amount of samples for analyses 

ÁIn the beginning pipe penetrations remained in the concrete 
structures 

ÁAfterwards the decision was taken to remove the pipe 
penetrations 
 



Main lessons 

Á Emphasis on decontamination of: 
 

ÁMetal components 

ÁConcrete structures 



Á Avoid any spread of contamination to the environment 

Á Decontamination in view of unconditional release 

ÁMinimal volumes of radwaste 

ÁMaximalization of recycling and opportunities for reuse of 
valuable components 

 

 

Strategy 



Á Relevant data : 

ÁLength 90 m, width 27 and height 27 m 

ÁVolume:  56.000 m³ 

ÁConcrete volume : 12.500 m³ 

ÁConcrete surface : 55.000 m² 

ÁMetal:                         1.500 ton 
 

Á 7 floors, 40 large cells 
 

Á 106 cell structures 

Main data of Eurochemic 



FUNDAMENTAL PRINCIPLES OF THE BELGOPROCESS 
STRATEGY 

 
Á Although the application of the methodology used for the two 

small buildings is not rejected as such , an alternative was studied 

Á The alternative includes at least one complete measurement of all 
concrete structures and the removal of all detected residual 
radioactivity. 

Á The surface monitoring is followed by a demolition and crushing of 
the resulting concrete parts. 

Á During the crushing, metal parts are separated from the concrete 
and representative concrete samples are taken 

Á In a further step the concrete samples are milled, homogenised 
and a smaller fraction is sent to the laboratory  for analyses 

Á If the concrete is released also the reinforcement bars contained in 
the concrete are released 



FUNDAMENTAL PRINCIPLES OF THE BELGOPROCESS 
STRATEGY 

 
Á In the beginning the  clearance methodology did not refer to 

specific clearance levels 

Á As far as release levels were concerned large variations may be 
observed among different studies about clearance practices 

Á Unconditional release levels are indicated in official IAEA, EC or 
OECD publications 

Á Before 2001 there was an absence of any Belgian legislation 
concerning clearance, practical application was based on a case-
by case approach 

Á This implies that for each new type of material subjected to 
release, first the competent autorities and/or the TSO had to be 
consulted 



Legal framework 
International / EU recommendations and guidelines 

IAEA guidelines and recommendations 

Á Safety Series No.89 (Principles for the exemption of radiation 
sources from regulatory control) 

Á IAEA TEC DOC 855 recommends a set of unconditional clearance 
levels(in solid material) 

Council directive 96/29 EURATOM 

Á Had to be implemented in national legislation by mai 2000 

Á RP No.89: Guidance on recycling or reuse of metals 

Á RP No.113: Guidance for the clearance of buildings and building 
rubble 

Á RP No.122: Practical use of the concepts of clearance and 
exemption 

 



CLEARANCE  
Legal framework                   Belgium 

Á ARBIS: Algemeen reglement op de bescherming van de bevolking, 
de werknemers en het leefmilieu tegen het gevaar van de 
ioniserende straling (Royal Decree 20/07/2001) 

 



Unconditional release of materials at Belgoprocess 

Release procedures at present: 
 
ω KB-лнруΥέ ±ǊƛƧƎŀǾŜ Ǿŀƴ ƳŀǘŜǊƛŀƭŜƴΥŀƭƎŜƳŜŜƴέ 
ω KB-лфмпΥέ ±ǊƛƧƎŀǾŜ Ǿŀƴ ƳŀǘŜǊƛŀƭŜƴ ŘΦƳΦǾΦ oppervlaktebesmettingsmetingenέ 
ω KB-лфмрΥέ ±ǊƛƧƎŀǾŜ Ǿŀƴ ƳŀǘŜǊƛŀƭŜƴ ŘΦƳΦǾΦ ŘŜ betonbemonsteringsinstallatieέ 
ω KB-лфлтΥέ ±ǊƛƧƎŀǾŜ Ǿŀƴ όƎǊƻǘŜύ ƻǇǇŜǊǾƭŀƪƪŜƴ ŘΦƳΦǾΦ ƳǳǳǊƳƻƴƛǘƻǊ [. мссέ 
ω KB-ммлнΥ ά ±ǊƛƧƎŀǾŜ Ǿŀƴ ŜƭŜƪǘǊƛǎŎƘŜ ƪŀōŜƭǎ ŘΦƳΦǾΦ 

oppervlaktebesmettingsmeting ƳŜǘ ŘŜ ƪŀōŜƭƳƻƴƛǘƻǊέ 
ω KB-ммтсΥ ά ±ǊƛƧƎŀǾŜ Ǿŀƴ ǿŀǇŜƴƛƴƎǎǎǘŀŀƭ Ǿŀƴ ƘŜǘ ŎŜƭƭŜƴƎŜŘŜŜƭǘŜ Ǿŀƴ ƎŜōƻǳǿ 
млм!έ 

ω VGM/2005-лоуслΥ ά ±ǊƛƧƎŀǾŜ ƴƛŜǘ ǊƛǎƛŎƻ ǊǳƛƳǘŜƴ ƛƴ ƎŜōƻǳǿ млм!έ 
ω KB-ммррΥ ά ±ǊƛƧƎŀǾŜ Ǿŀƴ ƳŀǘŜǊƛŀƭŜƴ ƳŜǘ ƭŀƎŜ ŘŜƴǎƛǘŜƛǘ Ǿƛŀ !vнέ 
ω KB-ммтлΥ ά Vrijgave van betonpuin door middel van een bandmonitor: 

concretespec ά  
 These release methodologies are approved by the competent authority  

  



Unconditional release of materials at Belgoprocess 

Á The clearance methodology as indicated has been discussed 
and approved of by a working group in which the most 
important nuclear operators as well as AVN (now Bel V) were 
represented. 

Á The aim is to have a common and transparent methodology 
which is submitted to the regulatory authority. (Fanc) 



Unconditional release of materials at Belgoprocess 

Á Currently 5 clearance types are considered, one of which covers 
the non nuclear aspects 

Á Relating to the nuclear aspects, 4 clearance types may be 
considered: 

ÁSurface contamination measurements 

ÁBulk type material 

ÁMeasurement of mat. in drums 

ÁMaterial that may be homogenised 

Á In practice, however, the unconditional release of materials mostly 
involves a combination of surface cont. measurement and mass 
specific activity measurements. 
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Unconditional release of materials in Belgium 

ÁThe work of the working group on the clearance of 
materials resulted in a FANC guideline: 

Á 30/04/10 Richtlijnen meetprocedures en meettechnieken 
vrijgaveniveaus  
Besluit van 30 april 2010 van het Federaal Agentschap voor Nucleaire 
Controle houdende vaststelling van de richtlijnen voor de 
meetprocedures en meettechnieken om de overeenkomst na te gaan 
met de vrijgaveniveaus vastgelegd in bijlage IB van het koninklijk 
besluit van 20 juli 2001 houdende algemeen reglement op de 
bescherming van de bevolking, de werknemers en het leefmilieu tegen 
de gevaren van de ioniserende stralingen of bepaald in de 
vergunningen verleend met toepassing van artikel 18 van hetzelfde 
koninklijk besluit  



Clearance procedures 
Belgoprocess 
 Á KB-0258  general guidelines 

ÁCertificate of origin: 
ÁOrigin 
ÁHistorical data 
ÁContaminationlevels 
ÁType of decontamination technique used 
ïWaiting period 

ÁPaint 
ÁInternal parts 

ÁMeasurements 
ÁSurface contamination  
ÁMasscontamination 
ÁNon-nuclear aspects 

 

 
 

 



Clearance procedures 
 Belgoprocess 

ÁEvaluation 

ÁEvaluation by head of Health Physics department 

ÁConsult TSO (Bel V) 

ïFacultative 

ÁConsult the authority (Fanc) 

ïFacultative 

ÁRelease YES/NO 

ÁDestination 

ÁNuclear waste 

ÁNuclear reuse 

ÁUnconditional Release 

 

 



Clearance procedures 
Surface contamination       

ÁKB-0914  surface-contamination monitoring 
ÁFlat  clean surfaces 

ÁSurface measured 2 times with 2 distinct handheld monitors and by 2 
distinct RP officers 

ÁRelease measurement procedure is based on: 

ÁL{h ммфонΥ άActivity measurement of solid materials considered for 
recycling, re-use, or disposal as non-radioactive ǿŀǎǘŜέ 

ÁL{h трлоΥ ά Evaluation of surface contaminationέ 

ÁMeasurements are performed by radiation protection officers 

ÁSpecially assigned measuring instruments 

ÁAfter decon. delay time of 3 months between 2 measurements 

 

 

 



Clearance procedure 
surface contamination 

ω Criteria 
Á0,04 Bq/cm² a 
Á0,4 Bq/cm² b 

ω Conditions 
ÁLow background 
  b < 4 cps (50 cm²) 
  a < 0,1 cps 
ÁSurface 
 not poreous, dry, grease-free 
 measuring distance < 5 mm; v = 1m/min 
ÁVerification measuring equipment 
ÁOn a daily base 
ÁCalibration 

 



Producer

Clearance

Storage on-site

     - reuse   

     - decay

     - nuclear waste

Specific

activity meas.

CertificateCertificate

Contamin.?Contamin.?

Contamin.?Contamin.?

Y Y

Y Y

second

measurement

second 

measurement

delay

A4

3 m

first

measurement
first 

measurement

N
N

A3

Decontamin.

A2

A5 A6

Control by

indep. org.

N N

Type "surface contamination measurement only"



Intensive decontamination 

New technologies, ergonomic tools 



Intensive decontamination 
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Clearance procedures 
Surface contamination 

Á Portable contamination monitor 

Á Type ELECTRA with dual probe DP/2R ς DP 6 

 

Á a  Ą  ZnS (Ag) on perspex 

Á b  Ą  plastic scintillator Anthraceen on perspex 

 



Clearance procedures 
Surface contamination 


