
DISMANTLING THE UGENT ACCELERATOR PARK :

LESSONS LEARNED 

FANC Round Table Class IIA - 16/10/2024

straling@ugent.be 

GHENT UNIVERSITY

Health, Safety and Environment - Team Health Physics



SCOPE
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1. Short overview of the dismantling strategy and the team.

2. Lessons learned:

2.1. Have a complete mapping before the start of the dismantling.

2.2. Communication and control on site.

2.3. Speed of progress = speed of waste characterization.

2.4. Minimizing radioactive waste.



1. DISMANTLING STRATEGY AND TEAM
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UGENT ACCELERATOR PARK
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N4

N8
N3

N4: Neutron 

generator 

(1960-1980) N8 : cyclotron, 

hotcells and neutron 

therapy (1976-2006)

N3 : LINACS and Van 

De Graaff (1957-2008)



TIMING
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Å 2019-2022: Licensing and preparations

Å License, safety plan

Å Assigning management team, dismantling team, safety-coordinator

Å Approvals for waste: vectors, radiological characterization, free release,é 

 

Å 22-06-2022 up to 05-05-2023: 

Å Operations on site

Å 2023 ï 2025 (?): Wrap-up

Å Free release of the buildings

Å Characterization of large items 

Å Lead: part is taken over by SCK CEN, part foreseen for free release

Å Preparation of decay storage facility at N8

Å Finalizing dismantling report

Å Declassification of site



MULTIDISCIPLINARY TEAM
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METHODOLOGY Ÿ SOLID MATERIAL
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Disassemble the accelerators 

according to detailed work instructions.

Measure each part 

Å dose rate (Radiagem ®) and/or

Å contamination (Berthold LB 124SC ®) 

or wipe testing

based on historic info and location  

Indication of activation / contamination level

Disassembly & cutting



METHODOLOGY Ÿ SOLID MATERIAL
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Sort each part (Mourik) based on :

Å Installation (which accelerator)

Å Activation / contamination level 

Å Type of material

Å Expected waste trajectory 

o Free release

o Smelting

o Radioactive waste

Sorting
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Direct ISOCS measurement 

METHODOLOGY Ÿ LARGE ITEMS

OR 

Superficial drill samples to confirm free release 

(for massive items too dense and not activated), 

Based on :

ÅLocation in the installation 

ÅHistoric info 

ÅMapping with hand monitor



INVENTORY
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Batches :

ÅDrums (200 l or 20 l)

ÅJerrycans

ÅLarge items 

Each batch is marked :

ÅLabel with a unique ID-number 

ÅInfo sheet

Batches and labeling of items



CHARACTERIZATION Ÿ DRUMS, LARGE ITEMS
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Measure: 

Å Gamma-spectroscopy (ISOCS & LLRWS) 

Å Sentinel nuclide 60Co 

Apply radionuclide vector (SCK CEN): 

to calculate other radionuclides that are 

difficult to measure

Derive activity of all nuclides 

ISOCS
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Samples measured by:

Gamma spectroscopy

Å LLRWS

Å ISOCS

Liquid Scintillation Counting 

Å HIDEX ®

CHARACTERIZATION Ÿ SAMPLES (DRILL CORES, LIQUIDS & WIPE TESTS)

HIDEX
LLRWS

ISOCS
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Cylinder head & electromagnets cyclotron 

1) mapping with hand monitor Ÿ dose rate 

2) superficial drill samples Ÿ activity 

3) drill samples through entire block Ÿ depth profile

Via correlation and extrapolation 

Ÿ Activity of each entire item
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METHODOLOGY Ÿ SPECIAL ITEMS



WASTE TRAJECTORY 
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Å Free release : scrap metal, incineration, concrete

Å Re-use off site : parts of the cyclotron (ULg), lead 

bricks (SCKCEN)

Å Free release after long decay storage on site : 

license for up to 35y on site storage

ÅConditional release after smelting : combined with 

material from other licensees

ÅRadioactive waste :

o Sources

o Material not accepted for smelting



INVENTORY Ÿ MBS DATABASE (SCK CEN)
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OVERVIEW WASTE PRODUCED
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Building Installation # Batches Mass (T)

N3 LINAC 90 MeV 225 37,2

N3 LINAC 15 MeV 73 11,7

N8 Cyclotron + 

neutron therapy

627 217,8

N8 Hotcells 197 41

N4 Neutron generator 17 1,3

TOTAL 1139 309

136 batches still on-site : 

Å 24 pallets lead bricks : free release after 

characterization 

Å 94 batches : on-site decay storage 

Å 18 batches : smelting / NIRAS



2. LESSONS LEARNED

2.1. HAVE A COMPLETE MAPPING BEFORE THE 

START OF THE DISMANTLING
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KNOWLEDGE MANAGEMENT
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Long time passed between the shut-down of installations and dismantling :

(min. 14 y, max 40 y)

ÅEmployees who worked with the installation are retired. 

ÅDocuments have disappeared.

ÅUtilities (ventilation, electricity,...) are severely outdated and difficult to maintain.

ÅInsufficient supervision Ÿ items are moved and can (dis)appear

Ÿ loss of knowledge



DETERMINATION OF THE NUCLIDE VECTORS
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For radiological characterization of materials Ÿ 

Determine a nuclide vector linked with a sentinel nuclide for each installation 

Information necessary to determine the vector:

ÅDocumentation used for the installation 

Ÿ ñas builtò plans (placement + material used)

Ÿ change management (replacement of components)

ÅIrradiation history (running hours, beam energy) 

Ÿ complete log history

ÅMeasurement of the infrastructure

ÅSimulation programs used

ÅLiterature study

Only limited record keeping

+ loss of knowledge

ÅLarger uncertainties in vector determination

ÅConservative approach for free release

ÅDirect measurements of machinery.

ÅDrill samples of concrete shielding.

ÅNo (Drill) samples of machinery.



DETERMINING CONTAMINATIONS BEFOREHAND
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Initial estimation:

ÅH-3 contaminations present at neutron generator (H-3-sputtered target plate).

ÅMinimal contaminations at hotcells and fume hoods. 

Dismantling reality:

ÅMinimal contaminations at neutron generator.

ÅWidespread unexpected H-3 contaminations present at room of hotcells and fume hoods. 
17-02-

2022

Í
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Minimal contaminations at neutron generator: probably due to :

ÅCareful dismantling of the critical part (plan of Belgoprocess) 

ÅLong decay time of H-3 ( > 40 years). 

DETERMINING CONTAMINATIONS BEFOREHAND



Widespread unexpected H-3 contaminations present at room of hotcells and fume hoods. 

Å Surfaces 2007 and 2015: minimal contaminations found inside hotcells and fume hoods.

Å 2022: widespread H-3 contaminations present inside + outside hotcells and fume hoods.
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2015: fumehoods

DETERMINING CONTAMINATIONS BEFOREHAND

Contaminated 

waste

Cause: 

(unknown) contaminated process waste present in room in 2015.

H-3 contaminations spread during 7 years.

Ÿ Change in measurement protocols

Ÿ Change in release policy of H-3 contaminated surfaces 

Ÿ 2 REX notifications for H-3 contaminations 



2. LESSONS LEARNED

2.2. COMMUNICATION AND CONTROL ON-SITE
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GOOD COOPERATION BETWEEN PLAYERS

24

Dismantling activities carried out by known parties :

SCK CEN, Belgoprocess, Mourik, UGent

ÅPrevious experience (dismantling reactor Thetis)

ÅKnown work procedures

ÅMutual trust

Ÿ Quick start-up of operations

Reinforcement by an additional RPE from Be.Sure

Å2 RPEôs needed (permanence)

ÅExtra insights

Permanent team

ÅAlways same people on project

Ÿ Attention point : keep a mutual agenda!  

Measurement team.

Measurements off site (by team Health Physics)



GOOD COOPERATION BETWEEN PLAYERS
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Communication: all parties present on-site during working hours

ÅKick-off meeting at start of work procedure

ÅDaily toolbox

ÅQuick communication at unexpected situations

ÅReview after each work procedure

ÅRegular meetings with team 

+ safety coordinator 

+ FANC Bel V

Quick response

Quick reaction to hold-ups

Relatively few incidents 

Ÿ



SPECIFIC ROLE OF THE RPO
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Many measurements on-site:

ÅContamination monitoring of workers

ÅDose rate measurement of materials and work area

ÅContamination monitoring of materials and work area

ÅWipe testing + drill sampling of materials

Frequent reporting + discussion with RPE

Strict record keeping!

RPO Í radiation worker Ÿ 2 teams = 2 RPOôs



IMPORTANCE OF CORRECT RECORD KEEPING
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Batches: data management

ÅCorrect sorting of materials

ÅMany batches on site

ÅBatches often moved between locations :

site Ÿ transit zone Ÿ measurement area

Ÿ storage Ÿ disposal

Samples : unique identification

ÅMany samples

ÅDelay in measured results

ÅCorrelation between samples 

and materials



2. LESSONS LEARNED

2.3. SPEED OF PROGRESS = SPEED OF WASTE 

CHARACTERIZATION
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FULL ON MEASUREMENTS
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In total 1139 batches produced on site.

ÅMost batches were measured via gamma-spectroscopy (ISOCS).

ÅMany batches needed to be characterized via measurement of (many!) wipe test and/or drill samples.

ÅMany wipe tests were taken to assess the contamination level of the work area.



FLEXIBILITY TO AVOID DELAYS
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1. Effort of full Health Physics team at UGent

Å Flexibility of measurement team :

o Sample changing during weekend and holidays.

o Strict planning of leave for the team.

Å Extremely long working hours for RPE : 

o Presence on site during the day.

o Administration after working hours.

Å Increased measurement efficiency :

o Change of existing measurement protocols 

o New release criteria (Techdoc FANC)

2. Stop work until results are in

ÅContinue work in a different area.

ÅCharacterize only after end of dismantling 

operations (special large components)



2. LESSONS LEARNED

2.4. MINIMIZE RADIOACTIVE WASTE
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MINIMIZE RADIOACTIVE WASTE

32

Correct sorting of materials on site :

ÅThorough measurement.

ÅThorough decontamination whenever possible.

Procedures for (free release) measurement :

ÅDrill samples : activation

ÅWipe tests : contamination

ÅISOCS : Lead bricks

Use of FANC Techdoc 

for surface clearance levels 

(H-3 contaminations of hotcells)

1. Maximize free release



MINIMIZING RADIOACTIVE WASTE
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2. Decay storage (Ò 35 years) on site to free release

= New legislation Ÿ new license!

Not taken into account in dismantling plan

Radiological characterization Ÿ Decay calculation

Ÿ Construction of a new decay storage facility in the previous 

cyclotron building 


