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Safe interim storage and final disposal of radioactive waste (RW) requires effective characterization and 
quality control of the waste. The CHANCE project therefore aims to address the specific and complex 
issue of the characterization of conditioned radioactive waste (CRW) by means of non-destructive 
analytical (NDA) techniques and methodologies. Characterization issues within CHANCE encompass 
both physico-chemical characterization and radiological characterization. 
The CHANCE project will establish a comprehensive understanding of current characterization methods 
and quality control schemes for conditioned radioactive waste in Europe. Furthermore, CHANCE will 
develop, test and validate already-identified and novel techniques that will undoubtedly improve the 
characterization of CRW. These techniques include: 

• Calorimetry as an innovative non-destructive technique to reduce uncertainties on the 
inventory of radionuclides; 

• Muon Tomography to address the specific issue of non-destructive control of the content of 
large volume nuclear waste; 

• Cavity Ring-Down Spectroscopy (CRDS) as an innovative technique to characterize 
outgassing of radioactive waste. 

During the CHANCE Topical Day current needs, scientific evolutions and CHANCE highlights 
concerning conditioned waste characterization using non-destructive techniques were highlighted. The 
Topical Day took place on Thursday, March 21st 2019 at the Lamot Conference Center in Mechelen 
(Belgium) and was organised by the SCK•CEN Academy. The selected speakers have either operational 
experience with conditioned waste characterization, or are scientists working on new characterization 
techniques. This Topical Day therefore also aimed at bringing together these two groups of stakeholders. 
The book of abstracts of the Topical Day is presented in annex. 
The Topical Day gathered a lot of interest from both research, industry, waste management 
organisations, waste facility operators and institutional/governmental bodies. A total of 102 persons 
participated to the Topical Day at the Lamot Conference Center. Apart from that, the Topical Day was 
also live-streamed. A total of 141 different devices logged onto the live-stream during the day, with a 
maximum peak audience of 42 different devices in the morning session and 33 devices in the afternoon 
session.  
 
All the Topical Day participants afterwards received a link through email to the different transactions 
(encrypted pdf files). The video files from the live-streaming are also available upon request. 
On Friday morning, March 22nd, a visit to the CILVA installation and AQ2 gammaspectrometry 
installation of Belgoprocess (Dessel, Belgium) was organised.  Belgoprocess is the nuclear operator 
responsible for treating, converting into a stable end product, and storing the historical and current 
Belgian nuclear waste from numerous producers at its site in Dessel. The company has experience 
processing almost every type of low-, medium- and high-level radioactive waste at its sites, thereby 
covering a large segment of the back-end of the nuclear fuel cycle. Such processes lead inevitably to the 
generation of a number of different waste streams. Each of these streams is uniquely defined by its 
radiological and physicochemical characteristics. To select appropriate processing and conditioning 
techniques and disposal options, it is essential to characterize, sample and measure each of these waste 
streams in an economical manner while meeting all safety, operational and regulatory requirements. 
 
 
During the technical tour, participants visited the following installations/ 

• CILVA-installation for overall treatment and conditioning of low-level waste, consisting of 
the following modules: 

• low-level waste incinerator; 



 
 

 

• supercompactor; 
• cementation unit; 
• cutting and repackaging unit (inl. visual inspections, sampling, …) 
• AQ²-installation (NDA segmented gammaspectrometry) for characterization of low-

level waste (and free release). 
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Chair: Christophe BRUGGEMAN, SCK•CEN, Belgium 

 

 
 

 
 

 

 

 
 

 Topical Day CHANCE | characterisation of 
conditioned radioactive waste: status, 
challenges and new developments 

 March 21, 2019 | Lamot conference centre, Mechelen, Belgium 
  
 Preliminary programme 

08:30 – 09:00 h Registration and welcome coffee 

09:00 – 09:10 h Welcome 
 Hildegarde Vandenhove, Institute Manager Environment, Health & Safety, SCK•CEN, Belgium 

09:10 – 09:30 h Introduction to the CHANCE project 
 Denise Ricard, ANDRA, France – CHANCE coordinator 

09:30 – 10:00 h Radioactive waste characterization practices and gaps in Europe 
 Crina Bucur, Raten, Romania  

10:00 – 10:30 h Waste characterisation in practice – lessons learned from operational experience 
 Robin Tuerlinckx, Belgoprocess, Belgium & Tomas Vandoorne, NIRAS/ONDRAF, Belgium 

10:30 – 11:00 h Break 

11:00 – 11:30 h Waste acceptance and characterization in an operational waste disposal facility 
 John Muller, ANDRA, France 

11:30 – 12:00 h Waste characterisation of conditioned waste in Sweden 
 Claes Johansson, SKB, Sweden 

12:00 – 12:30 h Recent developments in calorimetry for nuclear wastes characterization 
 Christophe Mathonat, KEP Technologies, France  

12:30 – 13:45 h Lunch + poster boards for CHANCE PhD students 



 
 

 

 
 
  

 

Chair: Denise RICARD, ANDRA, France 

 

 

 
 

 
 

 

 

 

 

13:45 – 14:15 h Muon tomography | needs and challenges from a safeguards perspective 
 Darius Ancius, EC Euratom and Paolo Checchia, INFN, Italy 

14:15 – 14:45 h Muon tomography | recent developments and CHANCE 
 Jaap Velthuis, University of Bristol, UK  

14:45 – 15:15 h LINAC-based high energy X-ray imaging of radioactive waste packages at CEA, DEN, Cadarache 
 Bertrand Pérot, CEA, France 

15:15 – 15:45 h Break 

15:45 – 16:15 h Novel optical methods for the characterisation of outgassing from radioactive waste 
 Guillaume Genoud, VTT, Finland 

16:15 – 16:45 h Modelling of the CHANCE calorimeter and some general thoughts about NDA uncertainty quantification 
 Wojciech Kubinski, WUT, Poland and Bart Rogiers, SCK•CEN, Belgium 

16:45 – 17:00 h Closing 
 Denise Ricard, ANDRA, France 

17:00 – 19:00 h Reception  
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Introduction to the CHANCE project 
 
Denise Ricard 
ANDRA, Châtenay-Malabry, France 
 
denise.ricard@andra.fr 
 
 
Abstract 
 
Context and objectives of the project 
The CHANCE project aims to address the specific issue of the characterization of conditioned 
radioactive waste (CRW). The characterization of fully or partly conditioned radioactive waste 
is a specific issue because, unlike for raw waste, its characterization is more complex and needs 
specific non-destructive techniques and methodologies. There are different and varying 
reasons for this: 1) conditioned waste may no longer be in its initial form (e.g., due to 
incineration), 2) conditioned waste is typically embedded or surrounded by a matrix, 3) 
conditioned waste may contain wastes coming from different primary sources and therefore 
the radiological spectrum might become more complex. 
 
CHANCE will focus on conditioned waste of the following activity levels: 
 Very Low Level Waste (VLLW); 
 Low Level Waste (LLW); 
 Intermediate Level Waste (ILW); 
 High Level Waste (HLW). 
 
The first objective of CHANCE is to establish at the European level a comprehensive 
understanding of current conditioned radioactive waste characterization and quality control 
schemes across the variety of different national radioactive waste management programmes, 
based on inputs from end-users such as Waste Management Organizations and storage 
operators. 
The second objective of CHANCE is to further develop, test and validate techniques already 
identified that will improve the characterization of conditioned radioactive waste, namely 
those that cannot easily be dealt with using conventional methods. 
 
To address these specific issues, the CHANCE project proposes R&D actions to develop three 
innovative technologies for conditioned radioactive waste packages, namely: 
 Calorimetry as an innovative non-destructive technique to reduce uncertainties on the 

inventory of radionuclides; 
 Muon Tomography to address the specific issue of non-destructive control of the content 

of large volume nuclear waste; 
 Cavity Ring-Down Spectroscopy (CRDS) as an innovative technique to characterize 

outgassing of radioactive waste. 
 

mailto:denise.ricard@andra.fr
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The activities performed and the results obtained within the project CHANCE are integrated, 
communicated and disseminated both between the project partners as well as with the 
broader European community involved in radioactive waste disposal. Dissemination of results 
and progress is an integral part of the CHANCE project. Generally stated, the goal of 
communication is to raise awareness concerning the CHANCE research topics and 
developments, and to inform the CHANCE stakeholders about the project’s progress and 
achievements. The main communication tool to reach this goal is CHANCE website 
http://www.chance-h2020.eu/. 
 
The final ambition of CHANCE is to improve the efficiency of the characterization of 
conditioned radioactive waste and therefore to improve the safety of the global radioactive 
waste management process throughout the full storage cycle, including transport, interim 
storage and final disposal operational and long term stability. 
 
Project Overview 
CHANCE is structured into six work packages: 
 Management and coordination (WP1) 
 Methodology for conditioned radioactive waste characterization: Problematic wastes 

and R&D proposal (WP2) 
 Calorimetry associated with non-destructive assay techniques and uncertainties study 

(WP3) 
 Muon imaging for innovative tomography of large volume and heterogeneous 

cemented waste packages (WP4) 
 Innovative gas and outgassing analysis and monitoring (WP5) 
 Dissemination activities (WP6) 
 
WP1 is dedicated to the management and coordination of the project.  
 
WP2 is dedicated to the establishment at the European level of a comprehensive understanding 
of current conditioned radioactive waste characterization and quality control schemes across 
the variety of different national radioactive waste management programmes, based on inputs 
from end-users such as Waste Management Organisations and storage operators. 
 
WP3 objective is to complement existing, widely-used techniques for characterization of waste 
packages (gamma spectrometry and passive neutron measurement) with an exhaustive study 
of uncertainties related to such characterization methods in conjunction with calorimetry. 
 
WP4 objective is to develop mobile muon tomography instrumentation to address the as-yet 
unsolved problem of the non-destructive assay (NDA) of large volume nuclear waste packages,  
such as large spent fuel casks and large concrete waste packages with heterogeneous waste. 
 
WP5 will advance the use of Cavity Ring-Down Spectroscopy (CRDS) as an innovative 
technique to characterize outgassing of radioactive waste by developing new instrumentation 
for H36Cl and demonstrating an application of the technique to the monitoring of radiocarbon 
outgassing. 
 
WP6 is dedicated to dissemination and training activities. 
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Radioactive waste characterisation: 
practices and gaps in Europe 

 
Crina Bucur 
Institute for Nuclear Research (RATEN ICN), Pitesti, Romania 
 
crina.bucur@nuclear.ro  
 
 
Abstract 
 
The CHANCE project “Characterization of conditioned nuclear waste for its safe disposal in Europe” 
aims to address the specific issue of the characterization of conditioned radioactive waste in Europe. 
A questionnaire was elaborated by CHANCE Work Package 2 & 6 to obtain a broad overview on 
the end-users needs for the characterisation of conditioned radioactive waste and to appreciate how 
the members of End User Group (EUG) perceive the activity of waste characterization in relationship 
with the evolution of the national disposal programme, in terms of importance with respect to the 
whole back-end of the fuel cycle, or in terms of uncertainty management within each organization. 
 
The answers collected from the CHANCE EUG members were used to identify: 
 key parameters that need characterization; 
 technologies/methods commonly used for characterization of conditioned waste; 
 waste acceptance criteria applied and the possibilities of their harmonization in Europe 
 specific problematic issues for the characterization of conditioned radioactive waste; 
 R&D needs and potential on-going R&D programme on the topic of conditioned radioactive 

waste characterization;  
 potential applications of R&D actions to be included in CHANCE;  
 socio-technical and ethical issued associated with the waste characterization process 
 
The methods used for characterisation of conditioned radioactive waste depend on the country 
approach. Spectroscopic techniques (alpha, beta and gamma) as well as neutron measurements and 
dose rate calculation are used in most European countries, but in some organizations, more advanced 
techniques such as muon tomography and Calorimetry are also applied in the characterisation 
process.  
 
Despite the use of various conditioning technologies and matrices, there are common difficulties 
related to the characterization process of the conditioned waste packages. Characterization of the 
conditioned historical waste packages seems to represent a generalized problem. Radiologic 
characterisation of these waste packages represents a big challenge either with passive or active 
measurements because of the difficulty of the interrogators radiation to penetrate the waste matrix 
and of the strong attenuation of the measurable emissions (gamma or neutron) by the waste package 
itself. 
 
  

mailto:crina.bucur@nuclear.ro
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Waste characterization in relation to the 
WAC: approach and challenges ahead 

 
Robin Tuerlinckx, Belgoprocess NV, Dessel, Belgium 
Tomas Vandoorne, NIRAS/ONDRAF, Brussels, Belgium 
 
robin.tuerlinckx@belgoprocess.be  
t.vandoorne@nirond.be  
 
Abstract 
 
 
In Belgium, ONDRAF/NIRAS (National Agency for Radioactive Waste and Enriched Fissile 
Materials) is responsible for the long-term management of radioactive waste. Belgoprocess, as the 
industrial subsidiary of ONDRAF/NIRAS, is entrusted with the operational waste management. A 
very important aspect in this overall strategy are the waste acceptance criteria (WAC) and the 
characterization which is eventually performed in the assessment of these WAC. 
Currently ONDRAF/NIRAS is in the final stages of obtaining the license for the near surface disposal 
site (cAt), which is expected to be operational in 2024. During the last years, a lot of effort has been 
made considering the final set of WAC. These final WAC have a great impact in the way 
characterization is to be performed, considering both radiological and chemical content. Some 
challenges were identified to tackle this need for detailed (extra) characterization information. 
This presentation gives an overview of these criteria and the way that these needs can be fulfilled in 
the overall characterization program. Another important aspect is the control strategy, based on 
qualification and a control mechanism. 
 
  

mailto:robin.tuerlinckx@belgoprocess.be
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Waste acceptance and characterization 
in an operational waste disposal facility 

 
John Muller, Denise Ricard 
ANDRA, Châtenay-Malabry, France 
 
john.muller@andra.fr 
 
Abstract 
 
The Centre de Stockage de l’Aube (CSA) is a basic nuclear installation designed to dispose Low and 
Intermediate Level Waste Short-Lived Waste (LILW-SL). The industrial operating of CSA started 
in 1992 and it is planned to operate this disposal facility for about 70 years (the operating period will 
be followed by a 300-year monitoring phase). The disposal capacity of the CSA is 1 000 000 m3 

which will correspond approximately to the filling of 400 disposal vaults (today about 140 vaults are 
filled). 
 
Waste acceptance processes  
The overall structure of the waste acceptance process includes the following phases: 
 Approval (of a waste stream); 
 Authorization (of a site, for the approved waste stream); 
 Acceptance (of a waste production of an approved waste stream produced on an authorized site). 
A document, called Compliance Matrix (MC) is gradually filled up during the process, and each 
stage of completion of the document is associated with a phase of the acceptance process. 
Once the initial approval and acceptance delivered by Andra, the waste producer must define and 
perform a surveillance program to identify all the risks during the production of waste packages that 
could lead to produce and ship waste packages non-compliant with waste acceptance criteria of 
Andra. The surveillance process is defined and validated during the approval process. 
Andra, as a part of the requirements of its license to operate the Low and Intermediate Level Waste 
Short-Lived Waste (LILW-SL) facility, verifies that the waste producers’ capability to produce waste 
packages are compliant with the approval and authorizations delivered. 
The surveillance program includes: 
 Destructive control on waste packages at the waste producer’s site and at the CSA after delivery; 
 Non-destructive control on waste packages at the waste producer’s site and at the CSA after 

delivery; 
 Surveillance missions at the waste producer’s site; 
 Controls on the waste package information sent prior to delivery at the CSA; 
 Controls performed upon delivery at the CSA (visual, radiological controls…). 
 
Monitoring of waste package quality by Andra 
Surveillance is a mission assigned by the terms of the disposal facility-operating license. Andra must 
periodically verify the actual and correct application by the producer of the technical and 
organizational conditions on which the authorization was notified. For this purpose and in addition 
to computerized verification checks and checks carried out at the reception of waste package at the 
CSA, Andra must carries out in its Annual Monitoring Program, which includes: 

mailto:john.muller@andra.fr
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 Destructive and non-destructive testing of packages carried out on delivery to the CSA. 
Destructive and non-destructive sampling checks are performed by Andra or contracted 
laboratories under the responsibility of Andra to ensure the compliance of the package (container, 
packaging, conditioning, chemical and physical nature of waste, evaluation of activity…).  

 
These controls are planned by Andra as part of the implementation of its Annual Monitoring 
Program. During these checks, Andra can detect non-compliances but also slightly abnormal 
situations (also called weak signals), which, although compliant, will trigger the attention of 
Andra. 

 Surveillance missions at the production facilities. Andra carries out surveillance missions at the 
production sites to ensure the effective and correct application by the producer of the technical 
and organizational conditions on the basis of which approval and authorization have been 
notified. These missions can take the form of process audit, technical visits and participation in 
internal surveillance activities.  

 
This monitoring is based on a 3 years planned quality-control inspections (destructive or non-
destructive): 
 To sample and control waste packages received at CSA integrating: 

- A minimal 3 years period for each package family; 
- A systematic control for new agreements and new delivery of suspended agreements; 
- Experience feedback from quality control. 

 To check the consistency between results and declared properties for measurable parameters; 
 To ensure of the compliance of corresponding parameters with specifications; 
 To acquire knowledge. 
These quality control inspections applies the same rules and methods as those defined in the 
specifications, technical tests and standards. 
 
Focus on non-destructive controls 
Non-destructive tests carried out on the packages delivered to the CSA aim at carrying out the 
verification of the characteristics of the waste packages declared by the producer by comparing them 
with the values measured by Andra and those contained in the acceptance folder. 
In addition to a detailed review of the package file sent by the producer, non-destructive controls 
include visual and radiological controls (non-surface contamination and dose equivalent rate 
mapping), weighing and dimensional readings for all waste packages collected are performed. 
Gamma spectrometry measurements are also carry out for a large majority of waste packages (only 
cubic containers of 5 and 10 m3 to be inject at the CSA are not measured in gamma spectrometry). 
These controls, carried out on the CSA, can be supplemented by non-destructive tests carried out by 
external laboratories. These controls consist mainly of high-energy X-ray imaging (radiography and 
tomography), low-energy x-rays, but also passive and active neutron measurements coupled with 
gamma spectrometry measurements. 
Depending on the nature of waste package, additional controls can be done to verify the internal 
characteristics of the packages (integrity, quality of the waste block, internal constitution of the 
packages) and also to reinforce the results of the activity measurements carried out at the CSA with 
others methods. 
 
Note 
In the near future, Andra will have a facility (called package control facility) on the CSA that will be 
able to perform on drums: 
 Tritium and carbon 14 degassing measurements; 
High energy X-ray imaging 
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Waste characterisation of conditioned 
waste in Sweden 

 
Claes Johannsson 
Swedish Nuclear fuel and Waste Management (SKB), Solna, Sweden 
 
claes.johansson@skb.se  
 
Abstract 
 
 
Nuclear facilities and installations in Sweden consist of both nuclear power plants in operation (8) 
and plants (4) under decommissioning. In the next coming years two more NPP:s will be shut down. 
 
SKB – Swedish Nuclear fuel and Waste Management was established of the owners of the NPP:s to 
take care of both the spent fuel after operation and the low and intermediate level waste from the 
NPP:s and also from the Studsvik nuclear site and some other producers in Sweden of radioactive 
waste. 
 
Since 1988 SKB have a final repository SFR in operation at Forsmark that takes care of mainly short 
lived radioactive waste. Limitations due to the existing licence for receiving activity are 10E16 Bq 
in total. Most of the waste is transported by a special designed ship for radioactive waste from the 
nuclear facilities to SFR. 
 
For the SFR facility there are existing waste acceptance criteria that must be fulfilled to be able to 
dispose of the waste. The waste is either examined before conditioning of the waste and/or after it is 
conditioned.   
 
The normal waste characterisation methods for examining the conditioned waste consist of gamma 
dose rate measurements and gamma spectrometry measurements of the waste packages. The waste 
packages could be of different kind of geometries. 
 
For old legacy waste that exist with very poor waste characterisation done, a special project has been 
performed at SKB:s sister company SVAFO at the Studsvik site. At this project (X-ray project) about 
7000 drums was examined with x-ray examination in order to identify liquids, and other type of 
waste in this drums. At the same time also gamma specific measurements where performed as a quick 
scan for about 15 minutes each of the drums.     
  

mailto:claes.johansson@skb.se
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Recent developments in calorimetry for 
nuclear wastes characterization 

 
Christophe Mathonat 
KEP Nuclear, Caluire et Cuire, France 
 
christophe.mathonat@kep-technologies.com 
 
 
Abstract 
 
Calorimetry is a non-destructive method of quantitative measuring the heat emission to determine 
the masses or activities of nuclear material hidden inside nuclear waste compounds. Heat-flow 
calorimeters are in common use for measuring thermal powers over a wide range of 0.5mW 
(equivalent to 0.2g of low-burnup plutonium) up to 1kW and for samples of various sizes of about a 
few cm³ up to large waste drums of 60cm wide and 100cm long 0.  
Calorimetry is measuring the overall thermal power due to the radioactive decay coming from the 
waste contained in a metallic drum or a different container. It has many advantages as it features a 
non-destructive method which remains independent of matrix effect or the chemical composition. 
For measuring a multi-nuclide drum calorimetric assay is often combined with gamma ray and 
neutron measurements. Calorimetric determination of tritium and plutonium activities or masses has 
become common practice. However, the determination of beta-emitters (e.g. Sr/Y-90) or shielded 
sources inside a concrete filled waste compound is yet challenging for the comprehensive nuclide 
characterization of large heterogeneous waste drums.  
In the context of the CHANCE work-package 3 0, 0, a benchmark of calorimeters and standard NDA 
methods for the characterization of large volume waste drums 0 have been undertaken and a study 
of the neutron and gamma ray signals that can escape various 200L waste drum matrices with 
different source configurations has been performed. A 200 liters calorimeter is under construction 
with an optimized detection limit and to reduce the methodological uncertainties of the inventory 
determination in a multi-nuclide matrix, the escaping radiation are quantized as much as the 
encapsulated gamma-rays and α-, β-, n- particles depositing radiological heat inside the drum. Monte 
Carlo simulations are utilized resembling the waste drum and the calorimeter in both, their 
geometries as well as the material compositions. For the analyses, the particle flux and energy 
deposition in each layer of the calorimeter are displayed. The results yield that a significant part of 
the emitted radiation leaves the system and does not contribute to the heat deposited inside the drum. 
Therefore additional layers of gamma and neutron absorber are contemplated and associated 
numerical studies are initiated. 
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Muon tomography: needs and challenges 
from safeguards perspectives 
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Abstract 
 
European Union strategies related to Energy Union and Energy Security underline the 
importance of highest standards of safety, security, waste management and non-proliferation. 
It implies obligations for safe and responsible long-term spent fuel and waste management. 
 
Raising number of spent fuel assembly loadings to Dry Storage Containers (DSC), the 
construction of new type facilities like Encapsulation plants and Geological repositories 
becomes serious challenge for EURATOM and IAEA. The proven traditional approaches based 
on maintenance of Continuity of Knowledge (CoK) of safeguarded materials are relying on 
continuous video surveillance and sealing. It requires considerable human resources. 
Moreover, given the big number of DSC (some thousands in EU in next decade) and interim 
storage for about 50 years, the cases with the loss of CoK are highly probable. Such cases would 
necessitate the verification that all spent fuel assemblies are present in DSC. However today no 
NDA technique can prove it and only way to confirm this is to unload the DSC in a water pool 
or a hot cell.  
 
Cosmic muons penetrate metres of dense material and therefore can be used to image the 
contents of spent fuel held in DSC. Recent development of innovative imaging techniques using 
cosmic muons and muon trackers offers unique opportunities for safeguards. The National 
Institute of Nuclear Physics (INFN) in Italy and EURATOM tested the 8 x 8 drift-tube detector 
at proximity of CASTOR® container in Germany. The tests have convincingly proved that the 
detection of the muons that passed through the container is possible. The noise created by 
gamma and neutron radiation from spent fuel stored in this container represented only about 
1% of useful signal. These experimental results justify other investigations related to the use 
of the muon trackers for spent fuel safeguards. Further tests with larger scale muon trackers 
are under consideration. 
 
Keywords 
Safeguards, muon detection, spent fuel, CASTOR. 
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Muon imaging for innovative 
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Abstract 
 

A mobile muon tomography system is being commissioned in a non-laboratory environment 
to address the as-yet unsolved problem of the non-destructive assay of large volume nuclear 
waste packages, such as large spent fuel casks and large concrete waste packages with 
heterogeneous waste. 
 
Muons are natural occurring particles with a flux at ground level of around 1 cm-2min-1; they 
are capable of passing through several hundred metres of rock. When they interact with 
matter, they scatter depending on the atomic number, Z, of the material. Hence, if muon 
trajectories are measured before and after traversing a volume, an image of the different 
materials in that volume can be produced. This mature and well-established technique is 
known as ‘muon tomography’ (MT). It has been successfully utilised in e.g. cargo screening for 
nuclear contraband. MT is fully passive and works for heavily-shielded volumes; it is also 
highly complementary to gamma and neutron tomography. The technique is particularly useful 
to detect heavy elements like lanthanides and actinides, but can also be applied to detect light 
elements and gas bubbles and density gradients or differences within a matrix.  
 
The system is in an advanced stage of commissioning. Combining the knowledge and 
experience gained operating prototype systems and details and realistic Monte Carlo 
simulation program is well underway. A large Monte Carlo effort is well underway. The work 
includes comparison studies of the performance of different reconstruction algorithms to 
determine the contents of the waste drums focusing both of high-Z materials and gas bubbles. 
This has led to the development of a unique approach using figures of merit to enable 
performance comparisons between different algorithms and/or instrumentation techniques. 
For example, we have shown that we can resolve the presence of a uranium target object down 
to 4mm using our system in a concrete drum, can detect gas bubbles with a volume over 1L in 
concrete, discriminate between Pb, W and U, measure the size of objects with mm precision 
and study the minimum spacing between two objects to see them separately.  
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Abstract 
 
In order to inspect the interior of a waste package without having to carry out a destructive 
action, high-energy photon imaging technique (radiography and tomography) can be used in 
the manner of a medical scanner. The package to be inspected is placed between the photon 
source and the detector. The image delivered by the detector reports the absorption of photons 
through the object. The thicker and denser the object, the greater the absorption. In order to 
image large and dense radioactive waste packages, such as 2 m3 concrete drums with a 
diameter of more than 100 cm, a high intensity and high energy X-ray source based on an 
electron linear accelerator (LINAC) has been implemented in CINPHONIE facility, at CEA DEN 
Cadarache. Our current “Mini-Linatron” LINAC produces 9 MeV electrons that collides a 
tungsten target, producing a Bremsstrahlung photon beam with a dose rate close to 20 Gy.min-
1 at a distance of 1 m from the target, in the axis of the beam. Radiographic and tomographic 
images are produced with a millimeter resolution, allowing precise visualization of the interior 
of waste packages (pictures of the linear attenuation coefficient in each pixel, which can be 
converted to density through hypothesis on the nature of materials). A new “SATURNE” LINAC 
with an electron energy up to 20 MeV and a dose rate larger than 100 Gy.min-1 at 1m is 
currently being commissioned in CINPHONIE, which will allow imaging objects up to 150 cm 
of concrete or 40 cm of iron thick. 
The use of such high-energy photons requires specific detectors and CINPHONIE is currently 
equipped with two acquisition systems. The first detector is a 2D wide-field screen of 
80×60 cm² with a "Gadox" (Gd2O2S) scintillator coating for rapid imaging but with limited 
attenuation dynamics of about 3 decades, corresponding to 100 cm of concrete or 25 cm of 
steel. The second system is a fan array of 25 CdTe semiconductor bar detectors, with 
collimators oriented towards the focal spot of the photon beam, for quantitative computed 
tomography with attenuation dynamics of approximately 5 decades, i.e. 1.5 m of concrete or 
40 cm of steel. New scintillator screens for large field of view detection are being tested in our 
laboratory, as well as large and continuous linear detectors (CdWO4 needles or flat CsI 
scintillators with on-edge X-ray beam) to avoid the horizontal sweeping scan of the package 
imposed by gaps between the collimated CdTe, and thus to reduce acquisition time. Recent 
tests of ModuPIX detector, which will equip the underwater X-ray imaging system of the future 
experimental Jules Horowitz Reactor, will also be reported. This detector based on TimePix 
chip (CERN) coupled with very thin cadmium telluride or silicon semiconductors with on-edge 
beam irradiation should allow reaching a very good spatial resolution (close to 100 µm).  
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Finally, we will report ongoing R&D studies aiming at determining the mean effective atomic 
number of materials in radioactive waste packages. The principle is based on performing 
acquisitions at different X-ray energies to take advantage of the differences in attenuation 
according to photon beam energy and atomic number of the elements. This method applied on 
computed tomography allows extracting both the density and the effective atomic number 
from the attenuation information, and thus refines the identification of materials. We will also 
mention the development of TOMIS, a transportable tomographic system to perform in situ 
imaging of large concrete waste packages, involving dual energy computed tomography as 
well.   
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Abstract 

 
Long-lived radionuclides are particularly challenging to detect in the context of nuclear 
facilities. They are the main source of radioactive gas emissions and must therefore be 
monitored. Radiocarbon is for example produced in all part of nuclear power plants and can 
then be released in the form of carbon dioxide or methane through the biodegration of 
radioactive waste. Long-lived radionuclide in general, such as radiocarbon and tritium, are 
problematic because they have a high residence time in the environment and can easily be 
assimilated into living matter. A proper management of nuclear wastes containing these 
nuclides is necessary due to their potential impact on human health and the environment. They 
are highly mobile in the environment [2], and must be monitored for long-time, because of their 
long half-life. In the context of conditioned nuclear waste, characterisation of the waste 
outgassing is necessary. Gaseous emissions from radioactive waste usually mostly consist of 
tritium and radiocarbon, mainly emitted in the form of water vapour (HTO), carbon dioxide 
(14CO2) and methane (14CH4). H36Cl is also of interest in the particular case of graphite waste. 
 
Unfortunately, there are no method capable of rapid in-situ analysis of those radionuclides. 
Current methods require samples collection and off-line analysis in the laboratory by liquid 
scintillation counting (LSC). Scintillation peaks of those radionuclides overlaps in LSC limiting 
its sensitivity and often requiring time-consuming radiochemistry method to separate the 
different beta emitters. On the other hand, novel optical methods for detection of long-lived 
radionuclides from nuclear facilities have been developed in recent years. In particular, cavity 
ring-down spectroscopy (CRDS) has been shown to provide high sensitivity for radiocarbon 
and tritium detection in the form of carbon dioxide [3] and water vapour [4], respectively. 
CRDS is one of the most advanced and sensitive laser spectroscopy technique [5 - 6]. It is an 
isotopically selective laser spectroscopic technique and provides the highest sensitivity, 
allowing for the detection of extremely small amounts of radioactive gases, and thus detection 
of the smallest leaks.  
 
In the CHANCE project, these methods are further developed to determine the outgassing rate 
of various radioactive molecules. The potential of CRDS for waste package monitoring is 
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explored, since this technique has not been used in this context before and has several 
advantages over conventional techniques. The CHANCE project focuses on the detection of 
radiocarbon and 36Cl isotopes. CEA is developing a novel instrument for the detection of H36Cl 
based on CRDS. This is the first time that CRDS is used to detect this molecule, which is highly 
relevant in the case of outgassing from graphite waste. At VTT, an already-developed CRDS 
instrument for the detection of radiocarbon compounds will be used to study in detail their 
outgassing rate in various types of waste. The goal is to provide valuable information about the 
radiocarbon release kinetics and its speciation, including methane and carbon dioxide. Further 
work, in collaboration with ENEA, will consist of validating the technique and compare it to 
traditionally used techniques such as LSC. This work will therefore result in a major step 
forward in the development of the use of optical methods to detect radioactive gas emissions. 
  



 
 

Book of abstracts | BA-118 | SCK•CEN 32770025 Page 28 of 20 
1. Topical Topical Day CHANCE | Characterisation of conditioned radioactive waste: status, challenges and new 

developments 

March 21, 2019 | Lamot Conference Centre, Mechelen, Belgium 

References 
[1] Man-Sung Yim and François Caron, “Life cycle and management of carbon-14 from nuclear 

power generation”, Progress in Nuclear Energy 48, 2 (2006) 
[2] International Atomic Energy Agency, “Management of Waste Containing Tritium and 

Carbon-14”, Technical Reports Series No. 421, IAEA, Vienna (2004). 
[3] G. Genoud, M. Vainio, H. Phillips, J. Dean, and M. Merimaa, “Radiocarbon dioxide detection 

based on cavity ring-down spectroscopy and a quantum cascade laser”, Opt. Lett. 40, 1342 
(2015).  

[4] C. Bray, A. Pailloux, and S. Plumeri, “Tritiated water detection in the 2.17 mm spectral 
region by cavity ring down spectroscopy”, Nucl. Instrum. Meth. A 789, 43 (2015). 

[5] D. Romanini, A. Kachanov, N. Sadeghi, and F. Stoeckel, “CW cavity ring down spectroscopy”, 
Chem. Phys. Lett. 264, 316 (1997). 

[6] G. Berden, R. Peeters, and G. Meijer, “Cavity ring-down spectroscopy: experimental 
schemes and applications”, Int. Rev. Phys. Chem. 19, 565 (2000) 

 
  



 
 

Book of abstracts | BA-118 | SCK•CEN 32770025 Page 29 of 20 
1. Topical Topical Day CHANCE | Characterisation of conditioned radioactive waste: status, challenges and new 

developments 

March 21, 2019 | Lamot Conference Centre, Mechelen, Belgium 

Modelling of the CHANCE calorimeter 
and some general thoughts about NDA 

uncertainty quantification 
 
Wojciech Kubinski, Politechnika Warszawska, Warszawa, Poland 
Bart Rogiers, SCK•CEN, Mol, Belgium 
 
w.r.kubinski@gmail.com  
bart.rogiers@sckcen.be  
 
 
Abstract 
 
Calorimetry is one method for the determination of nuclear material masses (or activities) by the 
quantitative measurement of heat flux, emerging from a sample. Calorimetry is used for non-
destructive assay (NDA) which means that no sample needs be tempered with or destroyed by the 
analysis. Heat-flow calorimeters have been used successively for measuring a wide range of thermal 
powers i.e. from 0.5 mW (0.2g of low-burnup plutonium) up to 1kW for samples varying in size 
from about 2.5 cm up to 60 cm wide and 100 cm long [1,2]. 
The MCNP6-based numerical model of the Large Volume Calorimeter (LVC) designed by KEP 
Nuclear (France) was set up. Various scenarios were simulated for different particles types, energies 
and source locations to accompany and support the interpretation of calorimetric KEP-LVC 
measurements within the CHANCE project [3].  For the analyses, the particle flux and energy 
deposition in each layer of the calorimeter are plotted. The results yield that a significant part of the 
gamma and neutron radiation leaves the system and does not contribute to the heat deposited. 
Moreover, the high-energy part of the gamma and neutron radiation flux can reach the reference 
chamber of the calorimeter and deposit some energy there, compromising the calibration and causing 
double-bias. 
A particle flux study of the 200L mock-up drum and the KEP-LVC calorimeter will be presented 
and discussed. A tally 4 with mesh option for both gamma and neutron of up to 5 MeV was used to 
simulate the mean flux in each cell and for various source location and source distribution patterns.   
The simulations showed that, depending on source location and power, neutron radiation and high-
energy gamma radiation leakage can influence the final heat measurement differently. In general, 
part of the realized simulations suggest that for some possible scenarios - with samples containing 
nuclei of high cross sections for (α,n) and other neutron-producing reactions, high activity beta-
emitters (bremsstrahlung radiation) or gamma-emitters - the accuracy of calorimetric assay can be 
decreased due to radiation escape. 
 
References 
[1] Principles and applications of calorimetric assay, D.S. Bracken, C.R. Rudy, Los Alamos 

Report, 2007, LA-UR-07-5226 
[2] Application Guide to Safeguards Calorimetry, D.S. Bracken, R.S. Biddle et. al., Los Alamos 

Report, 2002, LA-13867-M 

mailto:w.r.kubinski@gmail.com
mailto:bart.rogiers@sckcen.be


 
 

Book of abstracts | BA-118 | SCK•CEN 32770025 Page 30 of 20 
1. Topical Topical Day CHANCE | Characterisation of conditioned radioactive waste: status, challenges and new 

developments 

March 21, 2019 | Lamot Conference Centre, Mechelen, Belgium 

[3] D.Ricard, D., Plumeri, S., Boucher, L., Rizzo, A., Tietze-Jaensch, H., Mathonat, C., 
Bruggeman, C., Velthuis,J., Thompson, L., Genoud, G., Bucur, C., Kikola, D., Zakrzewska-
Koltuniewicz, G. (2018). The CHANCE project “Characterization of conditioned nuclear 
waste for its safe disposal in Europe”. DEM 2018 - Dismantling Challenges: Industrial Reality, 
Prospects and Feedback Experience, France, Avignon – 2018, October 22 – 24; and CHANCE 
web site: http://chance-h2020.eu   

[4] CHANCE delivery report D3.1 published on http://chance-h2020.eu 
 
 
 
 
 
  
 



 
 

 

Annex: presentations 

 

 



 
 

 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 

 


	Topical Day CHANCE | Characterisation of conditioned radioactive waste: status, challenges and new developments
	March 21, 2019
	Topical Day CHANCE | Characterisation of conditioned radioactive waste: status, challenges and new developments
	March 21, 2019

	Contact
	Organising committee
	Introduction to the CHANCE project
	Radioactive waste characterisation: practices and gaps in Europe
	Waste characterization in relation to the WAC: approach and challenges ahead
	Waste acceptance and characterization in an operational waste disposal facility
	Waste characterisation of conditioned waste in Sweden
	Recent developments in calorimetry for nuclear wastes characterization
	Muon tomography: needs and challenges from safeguards perspectives
	Muon imaging for innovative tomography of large volume and heterogeneous cemented waste packages
	LINAC-based high energy X-ray imaging of radioactive waste packages at CEA
	Novel optical methods for the characterisation of outgassing from radioactive waste
	Modelling of the CHANCE calorimeter and some general thoughts about NDA uncertainty quantification
	Annex: presentations

