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1. CERN introduction
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Our aim Is to understand
the most fundamental

particles and laws of the
Universe.
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Accelerators

380 000 years

13,8 billion years

1028 cm



Key facts related to CERN

~400 buildings hosting radiation areas
7000 to 11000 persons accessing in radiation areas every year

More information: https://home.cern/resources/fags
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~50 km of accelerator tunnels

C\E/RW European Summer School 01-05/07/2024 = EDMS-3120045
Nyl


https://home.cern/resources/faqs

2. Radioactive Waste management at CERN
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CERN Radiation Protection Legal Framework

CERN is an intergovernmental Organization subject not to national but international law. Its status has
been recognized by its host states where it must ensure their safety and security.

CERN has the right to establish its own rules as necessary for the proper functioning of the
Organization, among others, Safety Rules.

CERN agrees to follow best practices in matters of radiation protection and radiation safety taking into
account the legislation of its host states, as well European and international standards. Their
implementation is discussed between the host states authorities, ASN (F) and OFSP (CH), and CERN
according to a "Tripartite Agreement” signed in 2010.

CODE DE SECURITE ¥
SAFETY CODE

Mandatory as defined in SAPOCO/42

Rev.

Date of issue; Noveunber 2006
Original: English

o N
g’ ‘3\}/ United Nations Scientific Committee
WYY on the Effects of Atomic Radiation
NS =7
R~

Radiation Protection
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Tripartite agreement: Article 7 — Radioactive Waste

Radioactive waste from CERN Facilities is disposed of by the host States according
to the existing pathways, in conformity with their national legislation.

For the management of radioactive waste, the Organization draws up and
communicates to the other Parties a waste study covering all Facilities.

This study specifies which elimination pathways are planned for each type of waste
produced. It is updated as necessary. The waste study takes into account the need for
a fair distribution between the host States, according to the quantity, activity and
toxicity of the waste, and aims to ensure that it is disposed of through the most
technically and economically advantageous pathways.

The choice of elimination pathways is approved by the Parties after review in
Tripartite meeting.

The Organization keeps an up-to-date inventory of radioactive waste disposed of in
the host States and present on its site.
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The Occupational Health& Safety and Environmental Protection Unit (HSE)

Expert advice and services in matters of — :
Occupational Health and Safety & Establishing Safety Rules as required
Environment t  for the proper functioning of the
/ Organization

A
4

Granting authorizations for
installations, equipment, activities
and projects with major Safety

-
-

Authorizations

o W Monitoring the
Implications environmental impact of the

Ervronmen Organization’s activities
Responsible for - o

monitoring

Radiation Protection

Responsible for
--¢  Fire and Rescue and
Emergency response

Responsible for ‘
Occupational Medicine

Fire &
rescue
service

Occupational
Medicine

The HSE Unit reports directly to the Director General
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CERN Radiation Protection Group

Mandate

“The Radiation Protection Group (HSE-RP) of the HSE Unit ensures that personnel on the CERN sites and the public are protected
from potentially harmful effects of ionizing radiation linked to CERN activities. The HSE-RP Group fulfils its mandate in collaboration
with the CERN departments owning or operating sources of ionizing radiation and having the responsibility for Radiation Safety of

these sources.”

Operational Radiation Protection Individual Dosimetry
» Risk assessments for personnel and public * Monitoring of external and internal doses and reporting (CERN dosimetry
» Definition of protective measures, authorization of operation service carries official accreditation in Switzerland)
» Lead in implementation of ALARA principle » Operation of calibration facility

» Studies for projects and upgrades
* R&D for tools and methods, operation of shielding benchmark

facility

Instrumentation

Environmental Radiation Protection + Development, Installation and operation of radiation monitoring system

* Environmental monitoring program Studies of environmental
impact for upgrades and new facilities

Services
) ] * Inter/intra-site radioactive transport
Radioactive Waste Management « Shipping (import/export) of radioactive goods
« Operation of pre-conditioning and interim storage facility * Radiological characterization of material and waste, operation of analytical
* Waste disposal towards host states laboratory
 Support to departments in radioactive waste minimization and + Radioactive sources service

treatment

7
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Radioactive Waste management — policy and organization

sDptimisation du dimensionnement des
installation et choix des matériaux [27].

Prévention sRetrait équipements et matériaux
inutiles pour I'opération des faisceaux.

*Permis de faisceau et d'irradiation.

-5

Production

*Maintenance préventive et corective des
équipements radicactifs.
Minimisation *Zonage (cf. 8.1.1).
sMesures de libération simplifiées (cf. 8.1.2].

(Démontage), tri, colisage

Critéres d’Acceptation des Déchets RAdioactifs (CADRA)

<Ftécept on |

& sZones de stockage pour équipements radioactifs
B fonctionnels pouvant étre réutilisés.
‘-l:—: Rautilisation sCritéres d'acceptation des Déchets radioactifs [13] dont
= vérification réutilisabilité.
u #Rénovation d'équipements déclarés comme Déchets.
("]
o
E sClassification prédictive [2], pré-sélection et sélection pour exclure
-y les candidats CL des filiéres TFA.
Libération sDéveloppement des filiéres de libération manguantes (cf. 6.1).
sDécroissance.

Entreposage

=

RWTCS
{::} Traitement — Caractérisation

| |
N

Elimination

#Réduction de volume (démontage, compactage, découpe, Svaporation,
Stockage fusion, etc.)
=Caractérisation raisonnablement conservative

wDefinition de la filiere d'élimination la plus adaptée:
1) TFA, 2) FMA-VC, 3) FA-MA

Radioactive Waste reduction policy at CERN

Centralized management of CERN’s Radioactive Waste
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Waste management — zoning concept

Non-designated Area

Radiation Area Safety Code F

Global

No
Control .
control Zone Individual Clearance
Not systematic Control l[imits rule
Verification measurements < = = m m m m m = mb = Zone EDMS 942170

A priori
P Not

Potentially Radioactive : _
Radioactive

Clearance measurements <== <

Comprehensive (100% Yneasured)

Unsuccessful

|

RADIOACTIVE == =a

l

RP measurements

Successful

Delayed

NOT

RADIOACTIVE
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Waste management — traceabillity

> Site perimeter equipped @ A A X (& él & ..g, —
with exit radiation " TRENT ot s Client requests
monitors (“Site Gate
. Monitors”). =~
| Inventory function » Radiation portal truck ”“7&?3”" RP measurement
monitor mandatory for
waste truck leaving HH ﬁ =
- - CERN | RP samgling :2;‘?: Analyses Cantsines &EEMEW RP analysis
Radiation area > Transport/shipping in
compliance with ADR a > ¥ & ,0 —
regulations I s - RW management Il
Buffer Zone \ I
& 4 Q Wl [) ¥ Calmd
Identification function CERN asset g e e e Gener?l / admin
(equipment) |
database
RP measurement func. - Single, centralised database

% « Capturing waste properties

« Tracing life-cycle & processes
« Allowing extraction of statistics
& KPI

Other radiation
areas at CERN

CERN perimeter
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3. Radioactive waste produced
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Facilities generating ionising radiation

Electronics, Sources/Targets, Metals,
comestibles, Inert (building material), liquids (ex:
processed water), ion exchange resin (from : :
demineralized water circuits), mixed waste, and e e

other N ke
o hﬁ»

Mainly activated waste of very low, low and MEDICIS
medium activity, mainly from operations - o

(maintenance, replacement of equipment) and AT j‘&
modifications/upgrades of installations. nTOF A i —i s
The waste packages are categorised into 10 e
families, the main one being metal waste.

) H™ (hydrogen anions) b p (protons) p ions } RIBs (Radioactive lon Beams) P n (neutrons) ) p @antiprotons) P e (electrons) P p (muons)

Other characteristics are recorded to categorise

. L . = 1: LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
th e WaSte - O rl g I n 1 m ate rlal S 1 S u bS I d Iary h az ard S ! Electron Accilerator for Research // AWAKZ - Advancecj WAKefield Experiment // :(SOLDE - Isotope Separztor OnlLine // REX/HIE-ISOLDE - Radioactive
r ad | o) | o) g | C al measurements an d an alyse S. EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LNear ACcelerator //

n_TOF - Neutrons Time Of Flight // HiRadMat - High-Radiation to Materials // Neutrino Platform

7
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Typical CERN'’s
Radioactive Waste

Activated waste (spallation, neutron capture,
etc.)

., Very-low to intermediate-level rad. waste.
Accelerating / | Mainly B-,y- emitters.
cavities ‘ | Large variety of radionuclides (RN).
Very limited contamination.

Short to medium lived radionuclides
(no long-lived RN, apart from very specific
experiments).

Limited quantities of activated or
contaminated liquids.

Possible mixed waste (waste presenting a
chemical hazard linked to the radiological
hazard).




Activation

* The Interaction of particles with matter can be :
* Intentional = beam sent on fixed targets or beam dumps

* Unwanted = beam losses . @
7 o
o . — ® + o 3.3.3’.0
1.4 GeV protons ” n\
» Activation : @9~

* IS the product of the interaction of particles with matter

« depends on the type of impacting particles (p+, e—, ions, T+ and 1m-) and
their energy (from MeV up to TeV) and neutrons with energy ranges down
to thermal energies
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Material activation

=
]

[y

o
o

Activity
o o o
N Ny (=]

o
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Activation mechanisms: examples

EXAMPLE:
Material: Stainless Steel SST304L
Irradiation time: 10 years
Decay time: 15 years
Co-60 LHC machine: SPS, 400 GeV/c Fe-55

at the beam impact area .
m Cobalt = Nickel miron mNickel mManganese m Cobalt

37.37% 62.63% 91.56% 8.35%

Possible mechanisms:

>9Co (n,y)®°Co *6Fe (p,pn)°>°Fe
®ONi (n,p)®°Co **Fe (a,n2p)>>Fe
and other
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4. Radioactive waste classification and Elimination
pathways
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CERN'’s radioactive waste classification

c ANDRA CIRES (Frénce) ‘I
Formalized by decision of host state RW Class Destination : ‘ ‘ |
authorities ASN (France) and OFSP

(Switzerland), revised on 14/03/2022

Negligible activation Clearance from radiological control
- V%f"’:—‘l S—— (Candidats a la Liberation inconditionnelle and elimination as conventional
asn, 7 |cwcsemen | —-CL waste towards Switzerland
— p6N-20 22--108 ) n
S e Elimination towards France
— Very low activation - VLLW according to acceptance criteria of
S B o Sy e (Trés Faibles Activités — TFA) the National Agency for radioactive
N | waste management (ANDRA)
TR ST L S e Low and intermediate activation with Elimination towards France
T short half-lifes (< 30 years) — SL-LILW  according to acceptance criteria of
(Faibles et Moyennes Activités a Vies the National Agency for radioactive
““““‘j""“"““‘" Courtes - FMA-VC) N | waste management (ANDRA)
Low and intermediate activation - LILW SWIETE) (BN Sw_ltzerland o
e " dapiai (Faibles Activités et Moyennes Activités — WESIE WELERES et eritn 7l
Fair-share” decision conditions of the FMA-VC category
FA-MA) ; L
o [+ | (half-life, activity level)
B i |
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Overview of CL elimination (CLEARANCE) ,; ‘
pathways/projects

l“

Old cranes

Water evaporation Plastic tanks (PLATAN) and burnable Historical metallic waste
technological waste (B-FREE)

* 3H release limits: 80 GBqg/year & « Waste contaminated with metallic and concrete » Several clearance projects for
5 GBg/week dusts several waste batches (cavities,
« Concentration of other RN in the * Incinerated in a conventional incineration magnets, cranes, etc.)
solid residues facility (Geneva) « Sold to Swiss scrap-dealers for
recycling

S [ i
—
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Overview of “TFA” / VLLW elimination pathways

Cables Metallic waste Electromagnets Burnable waste Ventilation filters

« Different types (signal, * Accelerator & * Massive « Technological < Packaged inrecyclable
power, etc.) and materials infrastructure components + Unitary pieces waste containers, 200L drums,
(aluminium, copper) of * Any metallic waste fitting or IP20” (overall, GRVS or metallic boxes
cables in a1.35,1.380r2.77 m3 gloves, plastic

+ Packaged in metallic boxes box bags, etc.)

(1.35 0r 2.77 m3)
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Overview of ILLW elimination pathways (FMA-VC and FA-MA)

F-I\/IA/ ILLW

FMA-VC / SL-ILLW
Wil :

Melting of steel Other metallic waste n_TOF* target
* Melting at * Massive or bulk « Massive lead
CENTRACO waste target
(Cyclife) « Packaged in « Cementedin
* Openin 2023 injectable boxes concrete PSI
« Cementation at CSA container
(Andra)

* Opening in 2025

* n_TOF: Neutron Time-Of-Flight experiment, producing neutrons for cross-section measurements

** |SOLDE: Isotope Separator On-Line Device, producing radionuclides for studies

ISOLDE** targets

« Smaller spallation targets

« 30-40 targets produced per year

« Several different material

« Open for non-carburized and non-
actinide target

* Openin 2023




5. Radioactive waste Reception and Processing
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Waste management — production / “reception”

CERN T0rs no v VALIOETY D e = T
- \ 1723932 1.2 RELEASED . 7 N .
00421120 |REIERSED ?-“1 bage 5 of 12 Production (Démontage), tri, colisage
Reremence s

Oate | 12-09-2017

Co GoCument Dresioe lel CFReres BLernal bu CEAN pour

ergagees
(espaces Centreposage, man darovre) ot de fackter Iy
COMITVEON Ces COM PrOSUEE e W de lewr
@lmington
S0n3 FEventuaine ou le Srotucteur Ses déchets DODE
QU NE BOUTTS DIS reIPeCter las Critires & acceptation, §
SOVt CONTACTeT 13 BACTON “Radcactve Waste™ o

uder e Prockdure de Tatament & mie e
COMMNEST QU Prendrd en COmpte el possbines
ot e type de ‘hce

-
CRITERES INTERNES AU CERN POUR L'ACCEPTATION
DES DECHETS RADIOACTIFS

CERN'S INTERNAL ACCEPTANCE CRITERIA FOR
RADIOACTIVE WASTE

BETUME @ AXGTRACT

~\

THS decument Setals CREN'S mtermsl  acceptance

minimize the nuta of mpolure to the opersters, o
PrOtecT the eMVrOAment, 10 SpTmle the festurces
comavized (31078Qe 1pace, manpower] and to faciitate
e 355embly of the Dackages for daposal

W Ihe vt DT The waste produter foreiees That

Sha/he will A0T maet the Sicestance CRera, She/he cas
CORCACT The “E3diaacTive Waite” Section of the Mit-kb

Breount the tehncal pO1aBERes Ind e type of noe.

]

V. ALGOET [HSE-RP)

T DOCORIRY R | e ORCRIT | eounT oA e |

5. ROESLER [MSE-RP]
M. MAGISTRIS [HSE-RP]
ez VINCKE [WSE-RD)
R MICHALD [WSE-R2]
N. CONAN [HSE-RP}
©. DUMONT [HSE-R2]
C. TROMER, [M55-RP]
V. TROMEL [HSE-RP]
8. CELLERIER [HSE-RP]
P, BERTRELX [MSE-R2]
R, FROESCHL [HSE-RP)
Ch. DELAMARE [HSE-OI}

o this 303 £3 arnanet

0. FORKEL-WIRTH [WSE-RP)

Ve Socummant bn wncontruiiod whan printed. Chach the EOMS ba werity that this is W corvect version Setars wee _/

ANNEXE I - LISTE DES CONTENEURS

Données &

Co contensur et utilct pour ke
slmensios Geaipemais b poas ot mopennes
Harstaut [ internes TREC i per e

Ba% - latracge aule earmaee
L= 1280mm f1150mm HCPWBBK120
|'= 1080mm f 950mm alanks.
h= e f = o Ce canteneur est agréé ADR IP-2 pour

1332064, 1319660

vella = 07wt tranpart inter-sites 58 est ferme ave:
Charge utite = 1200 o :::\,:u;emle:;::lﬂe;:wns de s
?":._“m: o sssarasmy Transport EN-HE]. Aucun objet de

maincs de 2 em de langueur ne peut
Btre placé cirectement dans ce cas.

Critéres d'Acceptation des Déchets RAdioactifs (CADRA)

<Ftécept on |

HCPWRIF200-0CH

EOMS
BHTT

e comteneur est UtilsE pour ke
transpart de pidces métalliques ou
d'équipements de petites et moyennes
dimensians,

AASBINE

Ce conteneur et agréé ADR IP-2 pour
transpart inter-sites s'd est fermé aves
son couverche et muni de 55 2 sangles
de 5 tonnes. Aucun chjet de mains de 2
£m de longueur ne peut dire place
directement dans ce conteneur.

Entreposage

Traitement — Caractérisation

TREC
HCPWEFIO0L 84%

Ce conteneur est utilisé uniquement
pour o transpart de petite piécec
métaligues radioactives en pravenance
de 2ones Tampan.

1332072
Ce conteneur rest pas utilisé pour e
&-canditiar tril 3
scEm pré canditionnement ri 'entrepasage.
Conteneur nan certifié ADR
Tace Ce conteneur est utilisé uniquement

HCPWERID0Z V1%

powr e transpart de petites piéces
mitaligues Adiactives en provenance
de zones tampan.

s
e contamear et pas etilsé paur i
cem pré cantiannement ra entrepaiage.
Conteneur non certifié ADR
Smsoigns Ee conteneur ea utiled uniuement
Lo IREC ResLlpseodiieonpment s ckiss
Ledubraodlan | SENRlESDE
- stlon e spéctications de [coge Il
L= 1034mm FI02Emm
du CADRA - fiche de condiconement
ba lem f %5fmm e ‘dezcibles (EDMS 17280061 1 o bire
. e [P p—
vute = 13m'
- ‘Rokalhls ess MR RE-Y,
Chasge utile = 281843 SCEM
Tk s 122k 5230758005 Coptereur non certidié ADR.
Emedement= . 1:2
5
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Waste management - processing

Gk

* Définition du
procédé

*Choix de la
période de
décroissance

»\fErification
conformité

. A

==

* Choix des
conteneurs de
Déchets sortants

* Rangement dans
le colis

*Respect des
prescription de la
filigre

b

Traitement ]
& ™

s Démant&lement,

*Réduction
taillefvolume,

+Densification

*Tri

+ Decontamination

*Emballage

=

. ™
*Dimensions
*Pdaszes

«Dehit de dose
*Contamination
sDéchets

dangereux

»Présence
d'émetteurs alpha

S vy

Presse-cisaille (600 tonnes)
Réduction de volume Déchets métalliques

9

-

-
-
~be.
-
—t
-
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Cellule de découbeplasmé b fat (12 tonnes)
Réduction de volume, fragilisation Déchetstechnologiques

¥ \

B
Broyeur decable
Recyclagedu cuivre

Scar;ner rayonX
Seélection Déchetstech.




Waste management — radiation

protection & radiation safety T

Dosimetry

Area classification

DIMR | DIMR 1l -
500 person_ pSyv. _ 5 person.msv
Individual dose 100 pSv * 1 mSv
Dose rate 50 pSv/h 2 mSv/h
Airborne contamination 5CA 200 CA
Surface contamination 10CSs 100 CS

- Rad. work permit (DIMR)
- Work and Dose Planning
- Dosimetry comparison

v IMPACT <

PPE for plasma
cutting




6. Radioactive waste characterization
« Methodologies
* Tools
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CERN'’s radioactive waste classification (Reminder)

Formalized by decision of host state
authorities ASN (France) and OFSP
(Switzerland), revised on 14/03/2022

(e TS PRANCASE
asn. |
s e

D620 22--108

Betersnce courrier Madume la Directrics Gémérale du CERN
CODEMLYO-20200%w2 Prof_ Fabiola Gaamatts
Altuire wbvie par | Asselases GAUTHILR CERN

ol 04 20 01 3 1211 Genive
D T LT SUISSE

Lyve, le 14 mars 2022

Obgot. Principes de la répartstion équitable des déchets raduactifs du CERN entre Lo France ot ba Suisse

Pbce jutnte  Diécision CERN a* 2022-001 de FASN ot & FOPSP

Madare ls Disectrice Céndrale,

Fal Mhonnear de vous communiquer bs décivion CERN n* 2023001 de TAwtorind de sdrend nuckéuire
(ASN) ot FOffice Sédiral de Is samte publique (OFSP) relative sux principes directeurs de la répartition
dquitable entre la France ot la Swisre des déchers radioactfs de [Organination européenne pour la
Recherche muchéaire ICERN) en vee de leur imination.

Jo vous prie Eagréer, Madame ls Directrice Géodrale, ['assarance de ma consldération distinguée.

La chef de ln division de Lyon de FASN

{

Nowr KHATER

“Fair-share” decision

% e Deben Py G908 Ly - e
Teghme <13 14 1% 10 665 00 / ot m arPen®

[T 2727300 ¥ 1 wae MOGEIOE v $008DV_CORINE ]
DO-MII3108 Lofie SN repatiion soatune Sechels ramiectts PR CH B raster MIIES2 88 17

Negligible activation
(Candidats a la Liberation inconditionnelle

~CL)

+
Very low activation - VLLW
(Trés Faibles Activités — TFA)

il

Low and intermediate activation with
short half-lifes (< 30 years) — SL-LILW
(Faibles et Moyennes Activités a Vies
Courtes - FMA-VC) i)

Low and intermediate activation - LILW
(Faibles Activités et Moyennes Activités —

FA-MA)
£

V- - T/

l
ANDRA CIRES (France) y

Clearance from radiological control
and elimination as conventional
waste towards Switzerland

Elimination towards France
according to acceptance criteria of
the National Agency for radioactive
waste management (ANDRA)

Elimination towards France
according to acceptance criteria of
the National Agency for radioactive
waste management (ANDRA)

Elimination towards Switzerland of
waste that does not satisfy the
conditions of the FMA-VC category
(half-life, activity level)

This Photo by Unknown Author is licensed under CC BY-SA
This Photo by Unknown Author is licensed under CC BY-SA
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Waste management — characterization

( B Analytical and/or W
Difficult To Measure Exper
Nuclide List (DTM) (Sampling) Scaling J

) Factors (SF)

Radionuclide
Inventory

Establishment ) f
Easy To Measure & by Quatification of DTM
K LI ek
S
Waste Batch
ﬂ a B &
F g Sp y ETM and KN
Packaging on each package Activities
\_ J _ Classification
‘ vy spectrometry
Characterization strategy for “TFA” waste —
o/p counting
Radionuclide Choice of the most
Vectors conservative
Calculations Radionuclide Vactor
Waste Batch
Processing y-tota ing
Packaging on each packag

Classification

Characterization strategy for “CLEARANCE” waste
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Inventory Prediction — ETM, DTM & ITMs, and radionuclide
vectors

Hybrid (analytic &
Monte Carlo MC)

State-of-the-art method for many Combine the power of modern
problems in science intranuclear-cascade models  with

analytical computation speed

Advantages Advantages

Yields spatial distributions of Very high statistical significance & short

nuclides & residual dose rate computation times | |
Analysis & reporting tailored to
characterization

Disadvantages Disadvantages

Calculation times can be very long Requires fluence spectra as input

Difficult to achieve sufficient statistics (=Monte Carlo)

for thin layers Does not yield spatial information

!‘ 1‘ - lf
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Inventory Prediction — Simulation codes used

=FLUKA

https://fluka.cern

O Multipurpose Monte Carlo code widely used
and benchmarked in the RP domain.

L Since December 2019 new CERN distribution
(FLUKA 4) aiming to ensure FLUKA's long-
term sustainability and capability to meet the
evolving requirements.

QdJoint development & management team
including CERN ATS & RP and ELI-Beamlines
(Prague).

O Active user forum and official courses

U Developed and maintained by CERN RP group.

U Calculate complete nuclide inventories and
provide evaluations with respect to radiotoxicity,
inhalation doses, Multiple of the Swiss
clearance limits, Specific activity, operational &
waste hazard factors and more.

U Pre-defined radiation environments (CERN
accelerator complex) or user-defined via
FLUKA particle spectra.
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Inventory Prediction — ActiWiz - hybrid method

) — > 20 MeV,
neutrons < 20 MeV: : up to 100 TeV:

JEFF 3.3 | ActiWiz 100 CPU years
£ FLUKA

R = XV : number of reactions in a given time interval inside the volume V
(where @ is the fluence and the product X is integrated over energy or velocity)

® Z[em™'] = 1/A[cm] : macroscopic cross section, i.e. probability of interaction per unit
distance. It depends on the material, particle type and energy

100 T T T T T T
Photons
T Neutrons
* 0 == atomeffective area, [barn = 107**cm?] : microscopic cross section, ie. el
[} Pions-
1¢ 4
* the area of an atom weighted with the probability of interaction (hence the name “cross section”)
* or the probability of interaction per unit length, with the length measured in atoms/cm?
(the number of atoms contained in a cylinder with a 1 cm? base) . oolbL N
z
Surface crossing estimation H
+ Imagine a volume of surface S and infinitesimal % ‘ 6. =900 g 00001 b
thickness df. 6 =0 PR E
A particle incident with an angle 6 with [ / |t .
respect to the normal of the surface S will v J § £
- 6 L
travel a segment dt/cosé. b
= Therefore, we can calculate an average surface fluence by adding di/cos 6 for each particle
crossing the surface, and dividing by the volume S di: .
1x10°
5 Particle fluence
"cosf,
@ = ]_]’_[]17i 10 B Luvl T Ll | Ll
dr—0 Sdt SpeCtra lxmlxw” 1x10°12 1x10°10 1x108 1x10® 0.0001 0.01 1 100

Energy (GeV)
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Inventory Prediction — ActiWiz 3 overview

84 built-in radiation
flelds

CERN accelerators & LHC
experiments

External radiation fields

Import via radiation environment files

Parameters
Arbitrary material compounds (85 chemical elements
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Radionuclide inventory prediction (Generic) — Method 1

up to

energy 7 TeV (LHC)

E.g.: Irradiation times are
fixed at 4 months up to 30

— years

Decay times are longer than
3 years

Material composition Location in accelerator

The CERN accelerator complex
Complexe des accélérateurs du CERN

. N
\\\ , - / e .
= Material =) E.g.: Stainless Steel, Copper,
e = composition Al,..
e S Time “ ”
Energy (machine) (irradiation & cooling time) ‘All models are wrong, but some are useful” George BOX -

Statistician

<

Source: ©2016-2020 CERN https://cds.cern.ch/record/2197559
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Radionuclide inventory prediction (Specific) — Method 2

& FLUKA

Symmetric proton-
proton collision at 160
urad half crossing
angle,
and V(s)=13.6 TeV
centre-of-mass
energy.

Output:
Particle fluence
spectra

Distance from IF [m]

ActiWiz Creator

Particle fluence spectra
Material composition : !
Irradiation profile: Radionuclide

= Beam intensity inventories and
= |rradiation and specific activities/

cooling times sum of LL fractions
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Clearance: Criteria for clearance of radioactive
materials

- - i H . for protecting people and the environment . 1AEA
I. the ambient dose equivalent rate measured at 10 cm distance from the item L SAETY
surface is lower than 0.1 ySv/h after subtraction of the background, cgybbeiid RS
AND Satoty Standurds Apphcation of the

Concepts of Exclusion,
Exemption and

( . P .. . . ek . . \ = & ;3"‘:43&“@' & Clearance
ii. the specific activity is below the clearance limit* (LL), i.e. for a mix of oo Sy et o
radionuclides if: =

n

a.
_l<1

\ AND ) Radinion Proeton 12

lii. the surface contamination is below the surface contamination limit (CS), i.e.
for a mix of radionuclides if:

n

Derivation of Activity
Concentration Values
for Exclusion, Exemption
and Clearance

g
i C5;

l

* CERN clearance limits adapted from Swiss legislation:
Ordonnance sur la radioprotection (ORaP) du 26 Avril 2017 (état le 1 janvier 2018) réf. 814.501 (Suisse)
Clearance and exemption limits are introduced in safety standards documents: IAEA GSR Part 3, IAEA, RS-G 1.7, IAEA SRS44, EU RP120
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Clearance: Establishing Nuclide Vector

Apply a characterization approach based on total gamma
counting (TGC) and the leading nuclide correlation method (LNC)
associated with conservative material nuclide vectors

(fingerprints)

Construct Figure of Merit (FOM)

sumlLL . E Ai,j/CLi
TGCsignal Y A;; x LNC;’

FOM; =

Nuclide vector = considered as the most conservative scenario ” X
. e ) Mirion Technologies RTM644Inc large
defined by maximizing the sum of LL fraction (sumLL) of the area clearance monitor
Swiss clearance limit per TGC Signal “All models are wrong, but some are useful” George BOX -

Statistician

7
g‘ i
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Exampl
-

e — B-FREE pilot study

Burnable waste at
CERN

I GS measured only
B Total gamma counting

TGC — clearance
0 g-----————---B-B------——--98---04------——--§8--------- monitor

Sum of clearance limit fractions
wn

0.0
Grid box number
« 25 ‘grid boxes’ filled with burnable waste produced at CERN 10% volume for

« fingerprint with 10y — 30y cooling used, DTM scaling based on Na-22 activity

* no result found where g-spectroscopy contradicted TGC with conservative
fingerprint

» cases wWhere g-spectroscopy alone remained unconclusive due to MDA

Quality Control

g-spectrometry
samples

R. Harbron et al.,Clearance of burnable waste produced at CERN, presented at the 12" International Symposium on Clearance, Frankfurt, 2022

L )
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Gamma Spec — Nutshell view

« Acquire a spectrum: Detectors w/ MCA

« Perform the analysis:
o Peak search
o Peak area
o Area correction: background correction
o Efficiency calibration

o NID with Interference correction.
Cascade summing correction for close
geometries!

o MDA calculations - Lower MDA
requires lower background and/or
better E resolution - HPGe

« Report the activities with uncertainties
given at 20

A — X — ROI Limit

—

—~—r—— Cont.

S N

Radioprotection Group
#sx%x T NTERFEREMNCE CORRECTED REPORT o=

R o

Nuclide Halflife Conf. Weighted Mean Activity MDA
(Ba /g )

K<Ar-42 3.30E+801 Y 8.935 | 1.92E-682 + 6K5.9% 4. 6E-B62

Sc«Ti-44 6.00E+801 Y 8.973 |1.85E-8081 + 17.2% 1.8E-862

Mn-54 3.12E+802 D 8.992 | 2.31E-6082 + 31.9% 1.4E-862

Co-68 5.27E+B08 Y 8.978 | 3.21E-601 + 11.1% 8.3E-003

? = nuclide is part of an undetermined sglution
X = nuclide rejected by the interferencef analysis
@ = nuclide contains energy lines not ufed in Weighted Mean Activity

Errors quoted at 2.6080@ sigma

Denoted “Reported Activity
Uncertainty”: This is just part of
uncertainty

III

the “actua




Uncertainties - Simplified

A is the activity of a certain radioactive nuclide in the decay series;

N, is the net peak area count subtract background of the sample;

— e(E) is the absolute efficiency curve of the geometric model as a function of the
O gamma line energy;

L, is the emission probability of a specific energy photo peak;

At is time for collecting the spectrum of the sample.

Neglecting correlations, Reported Activity Uncertainty is as follow:

2
0A
(5) = * *
(ae(E))2 _ (aenumeric(E))z+(a€geometry(5))2 e lgﬂi
g(E) Enumeric(E) Sgeometry(E) CL # tCF*

N, - due to the peak fit
I, - Refer to literature (nuclear databases)

e(E) - due to the numerical approximation (vertex, deterministic interpolation) and the
qualification of MC code (comparison calculation / experiment) => does not include
geometric modeling
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Mathematical Efficiency Calibration

« Mathematical Efficiency calibration have great
advantage over source based.

o Geometries cannot be easily emulated

o Source(s) expensive to acquire, maintain, and
remove from service.

« Mathematical eff. Cal. results quality depends on
accuracy of modeled geometry

o ISOCS
o FLUKA
o MCNP or other...

« Detector can be carefull?/ characterized in the factory
using calibrated traceable sources (ISOCS)

- However, sample and countinfc_; geometry
dimensions/parameters are often not weII known

« Dominating uncertainty budget
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Gamma Spectrometry Countings - Examples

FFFFF

FFFFFF

Special items FMA-VC Waste FMA-VC Waste Laboratory
packages for melting packages (special Items) Sample

(- - B R = X
C\E/RW European Summer School 01-05/07/2024 — EDMS-3120045 e « - 46



7. Conclusion
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Take-Home Messages

 CERN’s radioactive waste management has greatly evolved in the last decade.
« To achieve such results, CERN'’s radioactive waste management is centralized.

« Phases: Production—> Reception—> Processing -> Characterization-> Validation->
Disposal (Elimination)

« Characterization - development of realistic statistical studies for reasonably
conservative Scaling Factors and Nuclide Vectors.

 Following the infrastructure renovation and the provision of the main equipment, the
next phase to further develop the radioactive waste management at CERN is the

opening of the complex pathways, the standardization and the coordination of the
waste treatment and disposal with an increasing number of elimination pathways.

-
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8. Questions/answers
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Career opportunities at CERN

Internships, summer/technical/doctoral student programs

Opportunities for graduates:
» Origin program: early-career professional, <2 years' experience,
* Quest program: MSc 2-6 years experience, or PhD <2 years’ experience.

Follow Us:
https://home.cern/
https://careers.cern/
Member States
Recruitment Policy

Nabil MENAA | CERN

I@ nabil.menaa@cern.ch
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https://home.cern/
https://careers.cern/
https://home.cern/about/who-we-are/our-governance/member-states
https://careers.cern/recruitment-policy
https://www.linkedin.com/in/nabil-menaa-5350b1b/
https://www.linkedin.com/company/cern/
mailto:nabil.menaa@cern.ch
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