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SCOPE

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.
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1. DISMANTLING STRATEGY AND TEAM
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UGENT ACCELERATOR PARK
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TIMING

A 2019-2022: Licensing and preparations
A License, safety plan
A Assigning management team, dismantling team, safety-coordinator

A Approvals for waste: vectors, radiological

A 22-06-2022 up to 05-05-2023:

A Operations on site

A 202371 2025 (?): Wrap-up

A Free release of the buildings

A Characterization of large items
A Lead: part is taken over by SCK CEN, part foreseen for free release
A Preparation of decay storage facility at N8

o A Finalizing dismantling report

UNIVERSITEIT A Declassification of site
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MULTIDISCIPLINARY TEAM
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METHODOLOGY ¥ soLIb MATERIAL

Disassembly & cutting

Disassemble the accelerators

according to detailed work instructions.

|

Measure each part

A dose rate (Radiagem ®) and/or

A contamination (Berthold LB 124SC ®)
or wipe testing

based on historic info and location

Beschrijving

| Lediging ALVEOLE 2
| Alla onderdelen van de bundeallijn worden losgekoppeld en

afgevoerd in bulk.

i gebeuran.
|

Ma besmettingscontrole whiffmonsters) worden deze
materialen verwijderd als klassisk afual,

| Violgende stromen zijn

- Vacuumpompen: Clie wordt afgelaten en

Demantage kan plaatsvinden in de alvecks.
Snijden of knippen van voorwempen kan ter plaatse |

WOOrZeen:

opgevangen in een recipiént.

| - Elektricitsitskastan: Deze worden afgevoerd volgns
de richtlijnen van

klassiek afval

Alle materialen worden gewogen.

8

Ref.

Uitvoerder

Maatregelen

Voor uitvoering/Controle

— — e e

Verwijder sifon van waterbak en contralesr op besmetting.

10

Chperator

Agent
airalingsbeasch
erming

mgent
stralingsbesch
&rming

| Risico:

Maatregelen:

0®6

Werk + nifrilhandschoenen
Stofmasker, tyfec,

Maatregelen:

L
rik

Wark + ni1ﬁ-t:|';arbd5mu-enen
Stofmasker, tyfec,

Initialen Paraaf Datum |

|

Indication of activation / contamination level
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METHODOLOGY ¥ soLID MATERIAL

Sorting

Sort each part (Mourik) based on :

A Installation (which accelerator)

A Activation / contamination level
A Type of material
A Expected waste trajectory

0 Freerelease

0 Smelting

o Radioactive waste
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METHODOLOGY Y LARGE ITEMS

Direct ISOCS measurement

OR
Superficial drill samples to confirm free release

(for massive items too dense and not activated),

Based on :

A Location in the installation

A Historic info

A Mapping with hand monitor
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INVENTORY

Batches and labeling of items

Batches :
A Drums (200 | or 20 1)

A Jerrycans

A Large items

l

Each batch is marked :
A Label with a unique ID-number

A Info sheet
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CHARACTERIZATION Y DRUMS,

LARGE

Measure:
A Gamma-spectroscopy (ISOCS & LLRWS)

A Sentinel nuclide °Co

l

Apply radionuclide vector (SCK CEN):

to calculate other radionuclides that are

l

Derive activity of all nuclides

difficult to measure

—_
I
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CHARACTERIZATIONY SAMPLES ( DRI WQUIDS® RPETESTS)

Samples measured by:

Gamma spectroscopy

A LLRWS
A ISOCS
Liquid Scintillation Counting
A HIDEX ®
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METHODOLOGY Y SPECIAL ITEMS

Cylinder head & electromagnets cyclotron

1) mapping with hand moni
2) superficial dril |l sampl
3)dri |l Il samples through

t

€

or

¥

l

Via correlation and extrapolation

Y Activity of each entire item
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WASTE TRAJECTORY

A Free release : scrap metal, incineration, concrete

A Re-use off site : parts of the cyclotron (ULg), lead
bricks (SCKCEN)

A Free release after long decay storage on site :
license for up to 35y on site storage

A Conditional release after smelting : combined with
material from other licensees

A Radioactive waste :
0 Sources
o Material not accepted for smelting
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INVENTORY ¥ MBS DATABASE (SCK CEN)

ﬂ% Excel Online |sabe
A/00842/01 Ontmanteling versnellerpark INW » 2022-10-03 tbl_batch_UGent_20221003 # Werkmap bewerken - Eﬂ Afdrukken ‘_-q_ Delen =
it B C D E F c H J K L M

Batchnummer lafvalcodd uitleg afvalcode |status|  Behandeling Evacuatie |ontact [ip op 1m [pS| DatumDDD | netto[kg] |Bruto [kgl| Weeginstrument | Weegdatum
2 |CYC-22-053 M3 electrische kabels, al dan niet met kunststofisolatie 7 Geen behandeling Vrijgave 0,1 0,1 21-sep-22 93 113 UGENT-BALANS 21-sep-22 casemate cyclo /]
3 |CYC-22-054 Bl PVC indien voornamelijk PWC 7 Geen behandeling Vrijgave 0,1 0,1 22-sep-22 6 26 UGENT-EURCKRAFT 22-sep-22 casemate cyclo /|
4 |CYC-22-055 MG koper 7 Geen behandeling Vrijgave 0,1 0,1 14-sep-22 217 237 UGENT-EURCKRAFT 14-sep-22 casemate cyclo
5 |CYC-22-056 M3 roestvrij staal 4 Geen behandeling Smelting 0,1 0,1 26-sep-22 96 116 UGENT-EURCKRAFT 26-sep-22 casemate cyclo
6 |CYC-22-057 M7 staal 7 Gean behandeling Vrijgave 0,1 0,1 14-sep-22 220,5 240,5 UGENT-EUROKRAFT 14-sep-22 casemate cyclo-
7 |CYC-22-053 (4] niet gedefinieerd metaal 2 Gean behandeling Mog niet 0,1 0,1 25-sep-22 8 28 UGENT-EUROKRAFT 25-sep-22 casemate cyclo
8 |CYC-22-055 ¥3 olién 0 Gean behandeling Mog niet casemate cyclo
9 |CYC-22-D60 Al algemean brandbaar, dichtheid < 150 kg/m3 4 Gean behandeling Vrijgave 0,1 0,1 25-sep-22 6 26 UGENT-EURCKRAFT 25-sep-22 casemate cyclo
10 |CYC-22-061 BS halogeenhoudend rubber (bv. neopresn, hypalon) 7 Geen behandeling Vrijgave 0,1 0,1 22-5ep-22 40 60 UGENT-EURCKRAFT 22-5ep-22 casemate cyclo /|
11 |CYC-22-062 M2 aluminium 7 Geen behandeling Vrijgave 0,1 0,1 14-5ep-22 69 89 UGENT-EURCKRAFT 14-sep-22 casemnate cyclo
12 |L15-22-001 M3 roestvrij staal 7 Geen behandeling Vrijgave 0,3 0,3 21-sep-22 115 135 UGENT-EURCKRAFT 21-sep-22 Linac 15Mev
13 |L15-22-002 M7 staal 4 Geen behandeling Vrijgave 0,1 0,1 27-5ep-22 17 37 UGENT-BALANS 27-sep-22 Linac 15Mev
14 |L15-22-003 Wk electrische kabels, al dan niet met kunststofisolatie 4 Geen behandeling Vrijgave 0,1 0,1 26-5ep-22 2 22 UGENT-BALANS 26-sep-22 Linac 15Mev
15 |L15-22-004 Y3 olign 2 Gean behandeling Nog niet 0,2 0,2 30-sep-22 1 2 UGENT-EURCKRAFT 30-sep-22 Linac 15MeV
16 |L15-22-005 Al algemeen brandbaar, dichtheid < 150 kg/m3 7 Gean behandeling Nog niet 0,3 03 21-sep-22 22 42 UGENT-EURCKRAFT 21-sep-22 Linac 15MeV
17 |L15-22-006 MG koper 7 Geen behandeling Vrijgave 0,4 0,4 22-sep-22 147 167 UGENT-ELURCKRAFT 22-sep-22 Linac 15MeV
18 |L15-22-007 M7 staal 7 Gean behandeling Nog niet 0,4 0,4 21-sep-22 143 163 UGENT-EURCKRAFT 21-sep-22 Linac 15MeV
19 |L15-22-008 M2 aluminium 7 Gean behandeling Nog niet 0,2 0,2 20-sep-22 82 102 UGENT-EURCKRAFT 20-sep-22 Linac 15MeV
20 |190-22-001 M7 staal 4 Geen behandeling Smalting 0,1 o] 02-aug-22 254 274 UGENT-EURCKRAFT 02-aug-22 Sorteerkaart 2b
21 |90-22-067 M7 staal 4 Geen behandeling Vrijgave 0,3 0.3 22-3ug-22 70 90 UGENT-EURCKRAFT 22-aug-22
22 |CYC-22-001 8 betonpuin sectie > 400 cm2 en/of lengte > 0,5m 6 Geen behandeling Vrijgave UGENT-EURCKRAFT Betonmuur Kaze
23 |CYC-22-002 8 betonpuin sectie > 400 cm2 en/of lengte > 0,5m 6 Beton behandeling Vrijgave UGENT-EURCKRAFT Betonmuur Alve
24 |190-22-002 M3 roestvrij staal 4 Geen behandeling Smelting 0,3 0,2 06-jul-22 178 198 UGENT-EURCKRAFT 06-jul-22 Sorteerkaart 2a:
25 |190-22-003 n2 aluminium 7 Geen behandeling Vrijgave 0,3 0,2 04-jul-22 97 117 UGENT-EURCKRAFT 05-jul-22 Sorteerkaart 1:
26 |L90-22-004 MG koper 4 Geen behandeling Vrijgave 158 178 UGENT-EURCKRAFT Sorteerkaart 3:
27 |190-22-005 N0 niet gedefinieerd metaal 7 Geen behandeling Vrijgave 0,3 0,2 05-jul-22 80 100 UGENT-EURCKRAFT 05-jul-22 Sorteerkaart 6: 5
28 |L90-22-006 ME elektrische en elektronische apparatuur 7 Geen behandeling Vrijgave 0,3 0,3 15-sep-22 85 105 UGENT-EURCKRAFT 15-sep-22 Sorteerkaart 9:
29 |L90-22-007 AD alzemeean, gemengde inhoud 7 Geen behandeling Vrijgave 0,2 0,2 15-sep-22 24 44 UGENT-EURCKRAFT 15-sep-22 Sorteerkaart 16:
30 |L90-22-008 Al algemeen brandbaar, dichtheid < 150 kg/m3 7 Geen behandeling rijgave 0,2 0,2 06-sep-22 9 29 UGENT-EUROKRAFT  06-sep-22 Brandbaarafval
31 |L90-22-00% Al algemeen brandbaar, dichtheid < 150 kg/m3 7 Geen behandeling rijgave 19 39 UGENT-EURCKRAFT Brandbaar afval
32 |CYC-22-003 Al algemeen brandbaar, dichtheid < 150 kg/m3 7 Geen behandeling rijgave 0,1 0,1 08-aug-22 10 30 UGENT-EURCKRAFT 08-jul-22 Brandbaar afval
33 | CYC-22-004 HO harsen iohenuitwisselaar 4 Geen behandeling MNog niet IUGENT-EUROKRAFT Harsen in 30| va
34 | CYC-22-005 HO harsen iohenuitwisselaar 0 Gean behandeling MNog niet IUGENT-EUROKRAFT Harsen net te gn
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OVERVIEW WASTE PRODUCED

Building |Installation # Batches Mass (T)

N3
N8
N8
N4

TOTAL

—_
I
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LINAC 90 MeV
LINAC 15 MeV
Cyclotron +

neutron therapy

Hotcells

Neutron generator

73

627

197

17

1139

11,7

217,8

41

1,3

309

136 batches still on-site :

A

24 pallets lead bricks : free release after
characterization

94 batches : on-site decay storage

18 batches : smelting / NIRAS
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2. LESSONS LEARNED
2.1. HAVE A COMPLETE MAPPING BEFORE THE
START OF THE DISMANTLING
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KNOWLEDGE MANAGEMENT

Long time passed between the shut-down of installations and dismantling :

(min. 14 y, max 40 y)

-«
A Employees who worked with the installation are retired.
A Documents have disappeared. — ¥ | oss of
A Utilities (ventilation, electricity,...) are severely outdated and difficult to maintain.
A Insufficient supervisionY it ems are moved and can £ dis)appear

N
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DETERMINATION OF THE NUCLIDE VECTORS

For radiologi cal

characteri zati on of

mat eri al s Y

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

Information necessary to determine the vector:
A Documentation used for the installation
Y fias builto plans
Y change management

A Irradiation history (running hours, beam energy)

Y complete |l og history

(pl acement +
(repl ac eme p@nlybited¢egofdixkecAngn t s )

+—

mater i al used)

+ loss of knowledge

<

A Measurement of the infrastructure «—

A Simulation programs used

A Direct measurements of machinery.
A Drill samples of concrete shielding.
A No (Drill) samples of machinery.

A 4

A Literature study

A Larger uncertainties in vector determination
A Conservative approach for free release
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DETERMINING CONTAMINATIONS BEFOREHAND

Initial estimation:
A H-3 contaminations present at neutron generator (H-3-sputtered target plate).
A Minimal contaminations at hotcells and fume hoods.

_\

Dismantling reality:
A Minimal contaminations at neutron generator.
A Widespread unexpected H-3 contaminations present at room of hotcells and fume hoods.

N

UNIVERSITEIT
GENT 20



DETERMINING CONTAMINATIONS BEFOREHAND

Minimal contaminations at neutron generator: probably due to :

A Careful dismantling of the critical part (plan of Belgoprocess)

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

UNIVERSITEIT
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DETERMINING CONTAMINATIONS BEFOREHAND

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

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

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

Cause:

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

H-3 contaminations spread during 7 years.

Y Change in measurement pr ot

Y Change in r el-3cantaminaped suifaceg o
Y 2 REX not i f3icenmminatonss f or H

T Contaminated : 2015:fumehoods

UNIVERSITEIT waste
GENT
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2. LESSONS LEARNED
2.2. COMMUNICATION AND CONTROL ON-SITE
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GOOD COOPERATION BETWEEN PLAYERS

Dismantling activities carried out by known parties :
SCK CEN, Belgoprocess, Mourik, UGent

A Previous experience (dismantling reactor Thetis)
A Known work procedures \
A Mutual trust

Y Qui c kup aof bparations

Reinforcement by an additional RPE from Be.Sure
A2 RPEOGs needed (permanenc
A Extra insights

Y Attention point kee|l/ a

Permanent team
A Always same people on project

Measurement team.
Measurements off site (by team Health Physics)
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GOOD COOPERATION BETWEEN PLAYERS

Communication: all parties present on-site during working hours

A Kick-off meeting at start of work procedure
A Daily toolbox
A Quick communication at unexpected situations
A Review after each work procedure
A Regular meetings with team

+ safety coordinator

+ FANC Bel V

Quick response
Quick reaction to hold-ups
Relatively few incidents
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SPECIFIC ROLE OF THE RPO

RPO | radi atfYidnt evaomsk exr 2

Many measurements on-site:
A Contamination monitoring of workers

A Dose rate measurement of materials and work area

A Contamination monitoring of materials and work area
A Wipe testing + drill sampling of materials
Frequent reporting + discussion with RPE

Strict record keeping!
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IMPORTANCE OF CORRECT RECORD KEEPING

Samples : unique identification Batches: data management
A Many samples A Correct sorting of materials
A Delay in measured results A Many batches on site

A Correlation between samples A Batches often moved between locations

and materials site Y transit zone
Y storage Y disposall
0660000
200000
© ©6Q
060006 |
20060 ||
il @900
COO0COO0.
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2. LESSONS LEARNED
2.3. SPEED OF PROGRESS = SPEED OF WASTE
CHARACTERIZATION
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FULL ON MEASUREMENTS

In total 1139 batches produced on site.

A Most batches were measured via gamma-spectroscopy (ISOCS).

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

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

UNIVERSITEIT
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FLEXIBILITY TO AVOID DELAYS

1. Effort of full Health Physics team at UGent 2. Stop work until results are In

A Flexibility of measurement team : A Continue work in a different area.
o Sample changing during weekend and holidays. A Characterize only after end of dismantling
o Strict planning of leave for the team. operations (special large components)

A Extremely long working hours for RPE :

0 Presence on site during the day.

o0 Administration after working hours.

A Increased measurement efficiency :
o Change of existing measurement protocols

0 New release criteria (Techdoc FANC)
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2. LESSONS LEARNED
2.4. MINIMIZE RADIOACTIVE WASTE
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MINIMIZE RADIOACTIVE WASTE

1. Maximize free release

Correct sorting of materials on site :

A Thorough measurement.
A Thorough decontamination whenever possible.

Procedures for (free release) measurement :
A Drill samples : activation
A Wipe tests : contamination
A 1SOCS : Lead bricks

Use of FANC Techdoc
for surface clearance levels
(H-3 contaminations of hotcells)
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MINIMIZING RADIOACTIVE WASTE

2 . Decay storage (O 35 vyears) or

= New | egislation Y new |icense

Not taken into account in dismantling plan

Radi ol ogical characterizati on
Y Constr uct idecay storfige facility i@ thie previous

cyclotron building
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