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1. Background and objectives 

1.1. Background 

The Nuclear Energy Agency (NEA) Working Party on Technical, Environmental and 
Safety Aspects of Decommissioning and Legacy Management (WPTES) held an 
international workshop, Innovative Techniques and Technologies to Support 
Characterisation and Decommissioning of Complex and Legacy Sites, in November and 
December 2022 in Boulogne-Billancourt, France. The discussions focused on the 
application and availability of innovative techniques and technologies in the fields of site 
and radiological characterisation and decontamination and decommissioning (D&D). The 
workshop also provided information on the application of existing technologies to new 
problems – including lessons learnt, best practices and ideas for overcoming challenges 
associated with the use of innovation in the context of decommissioning complex and 
legacy sites. 

The workshop welcomed participants from various fields of expertise involved in 
decommissioning of complex and legacy sites, including practitioners, 
government/regulatory agencies, academia and researchers. Regulators were part of the 
audience for this workshop and presentations on regulatory concerns and perspectives were 
included.  

The workshop contributions and main discussion topics are summarised in these 
proceedings, which will ultimately provide input to a WPTES technical report to better 
understand: (i) the state of the art in technologies and techniques related to characterisation 
and D&D of complex and legacy nuclear sites and installations; (ii) key issues and 
challenges associated with the implementation of innovative technologies and techniques; 
and (iii) good practices and methods for implementing techniques and technologies while 
considering risk to workers, members of the public, and waste generation. 

1.2. Workshop objectives  

• To better understand current state-of-the-art technologies and techniques used in 
the characterisation and decommissioning of complex and legacy sites (e.g. 
radiological and site characterisation, decontamination, dismantling, demolition, 
material/waste management and risk assessment).  

• To better understand the challenges to successfully implementing innovative 
techniques and technologies including additional research, regulatory acceptance, 
and availability of guidance.  

• To better understand how risk assessment influences decommissioning activities 
including characterisation, decontamination, remediation and final status survey 
decision making.  

• To better understand good practices and methods for the implementation of 
techniques and technologies that help to define an optimised scenario of global 
efficiency for the minimisation of impacts. 

• To provide recommendations for future work of the WPTES task groups and 
WPTES Expert Group.  
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1.3. Workshop format  

The workshop consisted of four sessions (including opening and closing/summary 
sessions). These included plenary presentations, followed by either panel discussions or 
breakout sessions where all participants worked on understanding, brainstorming and 
providing solutions to key issues. The workshop sessions were as follows:  

• Welcome session:  

o Welcome remarks 

o Introduction of participants 

o Keynote speaker 

• Session 1: Innovative techniques and technologies for radiological and site 
characterisation  

o Subtopic 1.1: Innovative techniques and technologies for radiological and site 
characterisation (general)  

o Subtopic 1.2: Innovative techniques and technologies for radiological 
characterisation of buildings and structures  

o Subtopic 1.3: Innovative technologies/modelling/tools to support D&D  

o Subtopic 1.4: Innovative techniques and technologies for surveys of subsurface 
soils and groundwater  

o Subtopic 1.5: Innovative techniques and technologies for radiological and site 
characterisation of land  

• Session 2: Innovative decontamination and decommissioning technologies and 
good practices for the implementation of technologies  

o Subtopic 2.1: General session on innovative technologies to support D&D  

o Subtopic 2.2: Innovative technologies to support D&D  

• Summary session:  

o Summary by Session Chairs  

o Plenary discussion of key items  

o Workshop Chair final remarks 

1.4. Related links 

• NEA: www.oecd-nea.org/  

• WPTES: www.oecd-nea.org/tools/mandates/index/id/9918/lang/en_gb  

• Workshop webpage: www.oecd-nea.org/jcms/pl_71664/  

• Workshop material (including agenda, speaker bios, key points, presentations, 
support documents, key findings and pictures) are also posted on the NEA 
SharePoint workspace (accessible to members only).   

http://www.oecd-nea.org/
http://www.oecd-nea.org/tools/mandates/index/id/9918/lang/en_gb
https://www.oecd-nea.org/jcms/pl_71664/
https://mynea.oecd-nea.org/sites/WPTES-WS-2022/Shared%20Documents/Forms/AllItems.aspx
https://mynea.oecd-nea.org/sites/WPTES-WS-2022/Shared%20Documents/Forms/AllItems.aspx
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2. Welcome session 

2.1. Opening remarks 

Opening remarks to the workshop were provided by Rebecca Tadesse, Head of the NEA 
Division of Radioactive Management and Decommissioning. 

The event was the first major workshop to be conducted by the NEA Working Party on 
Technical, Environmental and Safety Aspects of Decommissioning and Legacy 
Management (WPTES). The WPTES is a sub-body of the NEA Committee on 
Decommissioning of Nuclear Installations and Legacy Management (CDLM). 

Appreciation was given to Cynthia BARR, the Chair of WPTES and the Chair of the 
workshop, and to the Programme Committee, which is composed of members from several 
NEA bodies, including the WPTES, CDLM, Expert Group on the Application of Robotics 
and Remote Systems in the Nuclear Back-end (EGRRS), and Working Party on 
Management and Organisational Aspects of Decommissioning and Legacy Management 
(WPMO), with a strong international distribution as well as a contribution by the IAEA. 

2.2. Welcome note 

A welcome address was given by WPTES and workshop Chair Cynthia Barr, outlining the 
objectives of the workshop and introducing the Programme Committee and session chairs, 
as well as an agenda for the workshop. 

2.3. Introductory session 

An introductory session was held by Martin Brandauer of the NEA. The participants’ 
geographic diversity was highlighted, as well as the entities the participants belonged to, 
which included regulators, operators, industry/service providers, technical support 
organisations, and research and education organisations. 

A live poll was presented to the participants, who were asked to express their opinion on 
the key drivers for innovation within characterisation and D&D. “Safety, risk, and 
regulations” and “collaboration, research, cost efficiency and technology” were among the 
most common answers. 

The participants were also asked for their views on the biggest gaps in characterisation and 
D&D. “Knowledge, expertise and experience” was the most widely recognised gap, 
followed by “data management, reliability, uncertainty, and technology”. “Lack of 
subsurface experience” was also highlighted, as well as “regulation, stakeholder 
engagement, and knowledge management and sharing”. 

The participants’ expectations and aims for the workshop were collated, and can be 
summarised as follows: 

• education, training and mentoring opportunities; 

• learning, sharing of experience and better understanding of the current state of the 
art; 

• networking; 

• identifying collaboration opportunities, creating synergies and harmonisation; 
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• optimising approaches – benchmarking; 

• gaining insights into the perspectives of different stakeholders; 

• supporting the international programme of work (WPTES, ISOE, WGDECOM). 

2.4. Overview of the WPTES 

The WPTES and workshop Chair, Cynthia Barr, gave an overview of the working party, 
which was created in 2021 with a three-year mandate under the Committee on 
Decommissioning and Legacy Management (CDLM) and counts members from 13 
member countries and the IAEA, including operators, regulators, and research and 
development organisation members.  

The scope of the WPTES spans four focus areas, with task groups for each: 

• risk management in support of decision making, with the goal of collating good 
practices for risk assessment, and optimising overall risk reduction; 

• sampling, characterisation and data evaluation, with the objective of identifying 
innovative technologies and good practices for land, buildings and site 
characterisation, and data visualisation and analysis; 

• innovative D&D technologies, with the overall aim of identifying promising 
techniques that could be used to facilitate D&D, as well as identifying the 
challenges that might be associated with using them; 

• materials management, with the goal of identifying good practices to reduce the 
quantity of waste planned for disposal, good practices for clearance, reuse and 
recycling, as well as for handling, packaging and onsite storage of waste. 

2.5. NDF workshop: Summary of key findings  

A presentation was given by Andrew Fairhurst from the Nuclear Decommissioning 
Authority (NDA) on key findings from the Joint NEA and NDF Workshop on the 
Characterisation of Large Quantities of Unconventional and Legacy Waste, held in 
September 2022 in Japan.  

Reliable and efficient characterisation of radioactive waste is a common challenge in post-
accident scenarios and in legacy waste management, and a strategic approach is needed for 
those complex characterisation challenges.  

The NEA Expert Group on Characterisation Methodology of Unconventional and Legacy 
Waste (EGCUL) has considerable experience in these areas along with procedures used in 
more conventional decommissioning work, involving experts and case studies from France, 
Japan, Russia, Ukraine and the United Kingdom. 

The Characterisation Methodology for Unconventional and Legacy Waste is an output of 
the EGCUL that presents usual characterisation methodologies, as well as case studies, 
challenges and lessons learnt, and recommendations (NEA, 2021).  

Key recommended actions were highlighted as follows: 

• create early and open dialogue with all stakeholders; 

• set a clear strategy underpinned by a regulatory framework to implement it; 

• integrate waste management programmes to optimise resources and time; 
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• provide a flexible waste classification system and waste acceptance criteria that 
address radiological and other hazards proportionately;  

• define characterisation activities to meet the strategic goals but keep them flexible 
and adaptable to allow for unknowns; 

• recognise that characterisation is a continuous process; 

• provide a clear review and validation process; 

• identify resource constraints and apply resources effectively. 

At the workshop, reflections were presented on how the UL waste characterisation case 
studies from France, Japan, Russia, Ukraine and the United Kingdom can be applied to 
learning for legacy sites and how these might relate to the situation in Japan, as well as key 
differences. The issue that waste characterisation is often limited or delayed by inadequate 
plans, information and capability, was highlighted by the study. 

Suggestions for Japan were made, including, among others, to have explicit 
characterisation strategies covering all wastes, a holistic approach to the prioritisation of 
characterisation, and a clear definition of all roles and responsibilities. 

Several ideas were shared on how the NEA can best support Fukushima Daiichi, mainly 
involving support for the development of strategies and methodologies and for effective 
knowledge capture and share. 

Sharing knowledge was highlighted as an important element of workshops. Reference was 
given to: 

• NEA reports on the website: www.oecd-nea.org/;  

• Specific work by: 

o IAEA, NEA and EC; a joint project to develop a knowledge management 
taxonomy for decommissioning (IAEA, 2023a); 

o Expert Group on the Application of Robotics and Remote Systems in the 
Nuclear Back-end (EGRRS) within an Ad hoc Group on Benchmarking for 
RRS; 

o Expert Group on Knowledge Management for Radioactive Waste Management 
Programmes and Decommissioning (EGKM), participating in the taxonomy 
project but also having activities for KM (including ontology) e.g. within the 
Working Party on Information, Data and Knowledge Management (WP-
IDKM); 

o NEA Standing Technical Committee on Decommissioning of Nuclear 
Installations and Legacy Management (CDLM) and the International Co-
operative Programme for the Exchange of Scientific and Technical Information 
Concerning Nuclear Installation Decommissioning Projects (CPD) developed 
a flyer on Feedback Mechanisms for Lessons Learnt in the Decommissioning 
of Nuclear Facilities (NEA, 2022).  

• DOE Database at Florida International University (FIU): www.dndkm.org 

• IAEA NuclearWiki, which is currently a work in process focusing on 
decommissioning, waste management and remediation (IAEA, 2023b).  

file://nasnea/groups/CEN/07___R%20SERIES%20DOCUMENTS%20AND%20WORKING%20PAPERS/1-R%20Series%20Documents/RWM/2024/DLM%20R%202024%202/www.oecd-nea.org/
http://www.dndkm.org/
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Note: 

It is difficult for one organisation to develop, populate, validate and maintain a database of 
current innovative technologies. The international community needs to work together to 
publicise the existence of the database(s) and encourage everyone to contribute. Ideally, 
the industry should select one individual to publicise information based on ease of access, 
breadth of current content, and the ability of a host organisation to maintain the database. 
Other similar databases should either be linked or the content should be transferred across 
and the database abandoned.  
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3. Topical session 1 – Innovative techniques and technologies for 
radiological and site characterisation 

3.1. General session on innovative techniques and technologies 

This session was chaired by WPTES member and vice-chair, Thomas Braunroth (GRS, 
Germany), and included six presentations covering a broad range of topics: 

• innovative characterisation techniques developed and applied recently; 

• adoption and improvements of an existing measuring technologies for difficult-to-
measure (DTM) nuclides; 

• current efforts to find and develop a solution for an upcoming challenge  
related to the DTM radionuclides H-3 and C-14; 

• recent and ongoing characterisation activities at Chernobyl Unit 4  
and Fukushima Daiichi. 

3.1.1. Measurement of difficult-to-measure radionuclides in the nuclear 
environment and recent developments in accelerator mass spectrometry 
(Thomas BRAUNROTH – GRS, Germany) 

• Characterisation in the nuclear environment 

o Characterisation in the nuclear environment serves different purposes, such as 
waste categorisation and environmental monitoring. 

o An overview and examples of easy-to-measure and difficult-to-measure (DTM) 
radionuclides were presented, including their detection methods and associated 
sample preparation requirements. 

o Challenges encountered along the measurement process and the main sources 
of uncertainties were discussed. 

o An overview of liquid scintillation counting (LSC) for beta-emitting 
radionuclides was provided, together with a discussion of recent developments. 

• Accelerator mass spectrometry (AMS) for the measurement of DTM radionuclide 

o Recent applications of AMS for the quantification of Ca-41 in bioshield 
concrete were presented. 

o The use of gas-injection systems to simplify H-3, C-14 measurements for 
different matrices was described. 

o Ion laser interaction mass spectrometry (ILIAMS) allows the removal of 
interfering atomic isobars by laser induced photo detachment and can simplify 
the sample preparation. 

o Results of ILIAMS measurements of Sr-90 samples performed by the 
University of Vienna indicate a very low detection limit of less than 0.01 mBq. 
This is a significant improvement compared to other techniques, for which the 
detection limit is in the order of mBq. 
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3.1.2. Innovative ANSTO gamma imaging technology to support HIFAR 
reactor decommissioning and OPAL operations (Mathew GUENETTE – 
ANSTO, Australia) 

• Gamma ray imaging systems developed by ANSTO: 

o An innovative compressed sensing technique using rotating masks for reduced 
measurement times. The technique allows for localisation of gamma emitting 
radiation sources with significantly fewer samples compared with traditional 
gamma-ray imaging techniques. 

o CORIS360, a portable gamma-ray imager equipped with a 360° × 90° gamma 
and optical field-of-view which can quickly identify and locate gamma ray 
emitting sources with gamma ray energies between 40 keV and 3 MeV. 

o A system with robotics and triangulation to improve the line of sight. The 
system, under development, weighs approximately 20 kg, but can be used on a 
robotic platform and be operated remotely. 

o A spectroscopic gamma-ray imaging system for harsh radiation environments 
(~10 Sv/h), such as the HIFAR reactor vessel, with a 2π hemispherical field for 
gamma-ray energies between 40 keV and 1.5 MeV.   

3.1.3. Mapping of complex radiation fields under extreme harsh conditions - 
Unit 4 of Chernobyl Nuclear Power Plant (Maxim SAVELIEV – NASU, 
Ukraine) 

• The Chernobyl Nuclear Power Plant Sarcophagus (Shelter Object) is a unique 
nuclear legacy site covering the reactor remains and the highly radioactive 
inventory of damaged nuclear fuel and various fuel-containing materials formed in 
the course of the Chernobyl accident of 1986. 

• There is a unique presence of fuel-containing materials (FCM)/corium. 

• The unique and extreme radiological situation after the accident made it necessary 
to use innovative approaches to perform (characterisation) works. 

• Graphite poses a challenge to the project. There is no known specific study on the 
spreading of the graphite. Environmental investigations of the safety of surrounding 
areas show no impactful issues for C-14, mainly long-lived nuclides.   
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3.1.4. Innovative characterisation of waste at Fukushima Daiichi Nuclear 
Power Station: Experience and prospect (Yoshikazu KOMA – JAEA, 
Japan) 

• An accident involving three reactors in operation at Fukushima Daiichi led to 
hydrogen explosions, which caused wide-spread radioactive contaminations. 
Radioactive waste has been generated due to ongoing fuel retrieval and 
decommissioning. 

• The characterisation of waste is mandatory to explore options for the disposal of 
radioactive wastes which meet the relevant Waste Acceptance Criteria. 
Contaminations are studied through the radiochemical analysis of DTM nuclides. 

• Various methods were applied for the assessment of DTM radionuclides (LSC, 
ICP-MS, AMS), and Bayesian statistics were used to estimate inventories and 
uncertainties in contamination. 

• Characterisation methodologies will be composed of analysis planning, analysis 
procedure, databasing and inventory estimation as a result of further development 
with the help of international experience and knowledge. 

• Parallel R&D work is ongoing for the safe storage of waste, processing and future 
safe disposal in Japan. 

3.1.5. Innovative techniques using UAV technology to support 
characterisation at Fukushima (Petr SLADEK – IAEA) 

• The IAEA-Fukushima Prefecture joint project "Rapid Environmental Mapping 
with Unmanned Aerial Vehicles" was aimed at helping Fukushima Prefecture with 
the consequences of the TEPCO Fukushima Daiichi Nuclear Power Plant accident 
of 2011. This project was a part of a comprehensive IAEA effort known as the 
IAEA Nuclear Safety Action Plan. 

• A complete UAV-based system was developed by the IAEA (NSIL) and delivered 
to the Fukushima Prefecture. The device was specifically customised for airborne 
radiological measurements in Japan. It was comprised of a versatile detection 
system, remote controls compliant with Japanese regulations, laser altimeter and 
other components. 

o It was optimised for airborne radiological measurements. 

o Five sites with different levels of gamma-dose equivalent rates (0.1 µSv/h to 10 
µSv/h) were selected to perform UAV radiation surveys, for calibration 
purposes. The selected areas were also characterised using backpack gamma 
spectrometers for reference. 

o After the method was validated, a trial measurement was started. The 
radiological mapping was carried out over the temporary storage sites with 
contaminated soil, located in the Fukushima Prefecture. 

• The developed UAV radiological mapping methodology has shown some 
advantages compared to the use of traditional backpack spectrometers, especially 
in areas that are inaccessible on foot or where high radiation levels might exist.  
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• A presentation of ongoing developments by the IAEA NSIL covered: 
o consideration of different detector materials such as Cd Zn Te and the 

development of new electronics; 

o the implementation of photogrammetry into UAV radiological mapping. 

3.1.6. Development of technologies for the rapid determination of tritium and 
C14 in decommissioning waste (Jon KRASZNAI – COG, Canada) 

• CANDU reactors produce significant amounts of H-3 and C-14 in the moderator 
and heat transport system, as a consequence of using heavy water. 
o LSC for the characterisation of H-3 and C-14 works in principle and is well 

established, but is too slow for performing decommissioning in a cost- and 
time- efficient and effective manner; 

o there are a huge number of samples expected in decommissioning. 

• The CANDU industry is looking for fast, field applicable technologies for H-3 and 
C-14 measurements and is currently assessing a number of technologies: 

o Electret; 

o Viridiscope; 

o Pyrolyser + LSC/MS; 

o MAUD camera. 

• Work is still ongoing, as a suitable solution has not been identified yet. 

• Fusion energy research, especially on topics around breeding blankets and tritium 
production facilities, is facing similar challenges and could be interested in solving 
similar problems. 

3.1.7. Panel discussion with presenters and key findings 
A discussion was held with the session presenters and the audience.  

• One of the main problems of characterisation technologies, which will require work 
and improvement, was identified to be DTM radionuclides, and more guidance on 
existing technologies is needed. 

• Use of scaling factors, and how the public perceive the technical basis, can be a 
challenge. The validity of scaling factors depends on where they are applied, and 
the physical boundaries are important. Practical measurements are always 
necessary for substantiation, and justification is always required.  

• Scaling factors should always be considered as a conservative approach with quite 
representative sampling, while noting that some hard-to-detect or impossible-to-
detect nuclides are normally identified by activation calculations. 

• Based on US experience with the use of scaling factors and surrogates, it is 
important to have a quality assurance programme to validate the scaling factors and 
ensure they remain accurate and conservative, and within the acceptable variability 
of the nuclide concentrations. 

• With an existing waste route, the safety and security of the disposal route complies 
with the waste acceptance criteria (WAC); without a waste route, a different logic 
and approach is required. 
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• As regards CANDU, most are in safe enclosure, and not in decommissioning. The 
decay of the gamma radiation over time might pose a challenge to characterisation. 
Characterisation shall be carried out in the early decommissioning stages to avoid 
this issue; this method has been followed for the two plants that are currently 
undergoing decommissioning.   

• AMS is an extremely sensitive method which has certain advantages that are further 
strengthened by ILIAMS (e.g. reduction of separation complexity and 
measurement time). However, so far it has not been widely used for characterisation 
in the nuclear field.  

• Works on innovative gamma-ray imaging systems are actively being conducted, 
leading to various independent solutions and applications worldwide. 

• The Chernobyl legacy poses outstanding challenges and requires innovative 
approaches for characterisation and decommissioning. These works would not be 
feasible without advanced robotic systems and international collaboration. 

• The characterisation of DTM radionuclides from the Fukushima Daiichi site relies 
on multiple methods. A proper understanding of inventories and associated 
uncertainties is mandatory and requires sophisticated methodologies. 

• Using drones for radiological measurements is an active field with ongoing 
improvements (e.g. choice of detectors, electronics, drones, efficiency calibration). 

• Well-established methods for the characterisation of DTM radionuclides exist but 
do not match the “industrial” requirements (e.g. in terms of sample preparation, 
measurement times) in all cases. 

3.2. Innovative techniques and technologies for radiological 
characterisation of buildings and structures 

This session was chaired by NDA representative Andrew Fairhurst (United Kingdom) and 
included four presentations covering a range of topics on techniques, technologies and their 
applications: 

• robotics and their application in characterisation and decommissioning; 

• radiological characterisation techniques and challenges; 

• condition monitoring and assessment techniques at Sellafield; 

• simple innovation on an established characterisation technology. 

3.2.1. Robotic and remote technologies to support radiological and site 
characterisation and decommissioning (Leo LAGOS – FIU, United States) 

• Robotics and remote system technologies were developed for nuclear 
decommissioning at a number of US sites, including Hanford, Savannah River, 
Waste Isolation Pilot Plant (WIPP) and others; however, these same systems are 
also applicable to similar problem sets at other nuclear facilities. 

• A range of challenges and solutions were addressed, including depth, radiation 
field, temperature, confined spaces, corrosion, surface degradation and wind. 
Characterisation was performed using robotics, with video, ultrasound, thermal, 
light detection and ranging (LiDAR) and gamma technologies. 

• A magnetic wheeled mini-rover could be used to deploy various techniques. 
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• A lateral gamma scanner was used for pipework inspection. 

• Concrete wall repair was carried out using a crawler. 

• The use of a fusion of sensors and mobile platforms/digital twins for automated 
change detection and immersive inspection was described. 

• The importance of cold testing and end-user input/engagement was highlighted, as 
well as the plan for training the future workforce of the industry. 

3.2.2. Advances in radiological characterisation of buildings and structures 
(Khalil AMGAROU – CEA, France) 

• The general context of in situ measurements in nuclear decommissioning was 
given. 

• The range of inputs for designing dismantling scenarios and a hierarchy of data 
quality and costs were explained, such as visual inspection, in situ measurement 
and historical data. 

• Techniques are applied over diverse sites and wastes. 

• Challenges addressed include uncertainties, complex facilities, limited historical 
information, hostile environments and access challenges. 

• A wide range of techniques and innovations have been used: 
o radiological protection, surface monitors, passive neutron coincidence (PNC) 

counting, gamma spectrometry and cameras, neutron cameras, x-ray 
fluorescence (XRF), laser induced breakdown spectroscopy (LIBS), Muon 
tomography, etc.; 

o stereo gamma camera; 

o alpha camera. 

• Conclusions 
o in situ measurements are essential; 

o there is no “universal solution”; 

o constant development is ongoing; 

o historical information has value; 

o consistency across different techniques builds confidence. 

• Several upcoming challenges were addressed, including automatic surface 
contamination, gamma spectrometry, neutron counting and the development of a 
multifunctional compact autonomous camera able to localise radioactive sources, 
although they are emitting gammas, alphas or neutrons. 

3.2.3. Examples of innovative CM&I (condition monitoring and inspection) 
technologies under development at Sellafield Ltd (Simon MALONE – 
Sellafield, United Kingdom) 

• Various innovative in situ techniques were discussed for application on a 
constrained site with broad and complex challenges. 
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• SMART sensors - long-life in situ sensors that measure temperature and pressure 
over very long lifetimes designed for the monitoring of storage of special nuclear 
material (SNM) – were used: 

o Thousands of cans containing SNM were monitored; these raised data reporting 
and “alarm levels” issues. 

o These sensors are wireless and long-life. They can be attached to the top of 
SNM cans to provide CM&I and can cope with high temperatures and high 
radiation fields. 

o Corrosion remains an issue with the SNM cans, meaning that visual inspections 
still need to be carried out and cannot be entirely replaced by SMART sensors; 
in this case, the waste will be repackaged at a later stage, so temperature and 
pressure were the main concerns. 

o Sensor technology is an area of growth; the biggest challenges are posed by 
battery life and temperature. 

o The technology will go through a process of commercialisation and costing 
when it becomes a proven technology for market use. 

• Remote hydrogen detection using stand-off Raman spectroscopy: 
o comprises a backscatter Raman with time of flight (TOF) for spatial data; 

o is a non-invasive technology/technique. 

• Through window spectroscopy: 
o This has the potential to detect many difficult and hazardous materials without 

the need for any part of a spectrometer to be in the glovebox. Information was 
given about the potential for both Raman and LIBS within a typical glovebox 
environment (e.g. gloveboxes with unknown chemicals). 

o Successful feasibility studies have been completed for Raman spectroscopy, 
with promise shown by similar studies into LIBS and hyperspectral imagining 
(HIS). 

o The technology enables the identification of materials and waste routes, is safer 
and faster, and involves minimal deployment/operator burden. 

• Mg colloid detection: 
o An in situ method for determining Mg levels is being developed to accelerate 

the retrievals process and optimise the liquid effluent treatment component of 
the Magnox Swarf Storage Silos (MSSS) project at Sellafield site. 

o Liquid effluent removed throughout the course of the MSSS project needs to 
be sampled and sent to laboratory for analysis of Mg levels (time-consuming). 

o Mg colloid detection technology constitutes an in situ method for deployment 
within MSSS to inform Mg levels prior to retrieval and allows optimised 
retrieval/effluent process planning. 

• MSSS leak detection – low technology readiness level (TRL) techniques were 
discussed, including: 

o crack monitoring with acoustic emission; 

o fibre-optic distributed temperature sensing (FDTS); 

o radiological and visual inspection. 
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• A mindset change is required: lower precision/accuracy should be considered 
where acceptable if it achieves the needs (e.g. safety, throughput, faster 
deployment). 

• It is important to remember customer needs. 

3.2.4. The benefits of applying innovative techniques to established 
characterisation technologies: a UK case study (Alex JACKSON – Cyclife 
Groupe EDF, United Kingdom) 

• The challenges of innovation are cost, complexity, R&D, and regulatory and 
industry acceptance. 

• A non-destructive assay technique for internally contaminated redundant tanks at a 
UK defence site was described: 

o The technique – i.e. the manner in which the characterisation technology was 
used – was the innovation, rather than the technology itself. 

o The objective was to optimise the quality of characterisation data (including 
accuracy) in order to: (1) maximise the ability to transport and (2) maximise 
the number of tanks that meet the WAC of the Cyclife Metals Recycling 
Facility (MRF) in the United Kingdom for metal treatment. 

o Metal treatment will result in the recycling of tank metal into the non-nuclear 
scrap metal industry and will reduce the volume of waste being directly 
disposed. 

• Historical data exist from a 2012 characterisation campaign, including portable 
high resolution gamma spectrometry (HRGS) assay of the tanks. 

• A case study is focused on the improvements made using innovation on a previous 
2012 assay, with (1) the minimisation of pessimisms/assumptions, (2) a reduction 
in count time, (3) the removal of a lot of estimation, (4) the elimination of elevated 
background, and (5) a high level of confidence in the determination of uncertainty 
associated with end results. 

• Innovation consisted of performing an internal assay using HRGS (HPGe detector), 
rather than an external assay, together with the use of PVC double bagged “sock” 
to seal aperture and allow access without spread of contamination. 

o The approach was agreed with the customer. 

o Visual inspection was carried out prior to deployment. 

o The double “sock” arrangement was meant to prevent anything from being 
dropped in the tanks, and to prevent spread of contamination to the environment 
and to operators. 

o There was close collaboration between operators, health physics staff and 
health and safety personnel. 

o Assumptions on contamination distribution were made in modelling based on 
visual inspection, process knowledge and information available; furthermore, 
conservatism was always applied.  
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• The key messages of the presentation were that: 

o simple, defensible techniques should be used; 

o established, benchmarked and industry-accepted technology is preferable; 

o a low-cost implementation is preferable; 

o limited R&D is required; 

o a “smaller” innovation encourages an innovative mindset within the industry 
and regulators and encourages customers to consider characterisation as an 
integral part of the decommissioning effort. 

• Innovation can be costly, require lengthy R&D and can be challenging to gain 
regulatory and industry acceptance. However, simple and defensible innovations, 
when applied to established characterisation techniques can achieve progress 
and improved characterisation at low cost and with limited R&D. Such simple 
innovations can help foster an innovation mindset and acceptance. 

3.2.5. Panel discussion with presenters and key findings 
• A wider range of robotics are being developed that can deploy a range of 

characterisation techniques. These robotics are being developed to address a wide 
range of challenges such as access to confined spaces, high radiation fields, high 
temperatures and challenging surfaces (e.g. corrosion). 

• The fusion of sensors and mobile platforms, along with digital twins, can be used 
for automated change detection and immersive inspection. 

• Cold testing of robotics and the techniques they deploy is essential, utilising 
engagement with the end users and fully recognising customer needs. 

• When designing dismantling scenarios and approaches, it is important to use a 
range of inputs including historical information; however, it is also important to 
recognise the range of data quality. 

• Characterisation techniques can be challenged by a range of things such as hostile 
environments, complex facilities, lack of historical information (general lack of 
information) and access challenges. 

• There are some promising developments in techniques, for example stereo gamma 
cameras and alpha cameras. 

• It is important to recognise that there is unlikely to be one universal solution to 
characterisation. Different techniques are continually being developed that can be 
applied across a broad range of sites and wastes. Gaining consistency using 
multiple techniques can help build confidence. 

• In some circumstances, there may be benefits from rapidly developing simpler 
solutions that can be easily deployed, even if they offer lower precision and 
accuracy. This may be necessary for bulk monitoring, safe and easy deployment or 
to progress decommissioning to shorter timescales. This may need a mindset 
change to recognise that lower precision/accuracy techniques may be the optimal 
ones to deploy. 

• Simple sensors with long battery life can be deployed to 1000s of containers, so 
that, for example, large volumes of data and re-assurance in areas where personnel 
access are required can be provided. 
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• Innovation can be costly, require lengthy R&D and be challenging to gain 
regulatory and industry acceptance. However, simple and defensible innovative 
techniques, when applied to established characterisation technologies, can achieve 
progress and improved characterisation at low cost and with limited R&D. Such 
simple innovations can help foster an innovation-based mindset and acceptance. 

3.3. Innovative technologies/modelling/tools to support D&D 

This session was chaired by WPTES member Emilio García Neri (ENRESA, Spain) and 
included four presentations covering a range of topics: 

• radiological characterisation aided by geostatistics, remote sensing, visualisation, 
and artificial intelligence/deep learning tools; 

• monitoring and safety assessment for legacy sites to support remedial, 
decommissioning and material management decision making, and to reduce worker 
dose (ALARA) or waste generation; 

• use of geographic information system (GIS) and building information models 
(BIM) in a common data environment to support decommissioning and remedial 
planning and decision making; 

• challenges to future development, collaboration and use of innovative technologies. 

3.3.1. Geostatistical analysis and integration of soil hydro-geochemistry data 
with remote sensing information on radiological and site characterisation 
studies (Vanessa MONTOYA – SCK CEN, Belgium) 

• The characterisation methodology and tools (e.g. geostatistical analysis, in situ 
gamma spectroscopy, drones and helicopters) for sites impacted by NORM waste 
are being developed. 

• These methodologies and tools are being used to assess radionuclide migration, 
develop scenarios, and predict risk to the environment. 

• A set of methods has been successfully developed and tested to perform full in situ 
characterisation. 

• Simple hotspot identification can be used for detailed 3D characterisation. 

• Sampling can be used to supplement or validate remote data. 

• A LaBr detector can be used to focus on Cs-137 (this can be extended to other 
radionuclides and detectors). 

• Nuclear dismantling in Belgium is advanced by improving sustainability. 

3.3.2. The use of GIS, BIMs, and digital twins to assist with characterisation 
and decommissioning of complex and legacy sites (Matt DAROIS – RSCS, 
United States) 

 

• The use of a GIS, computer aided design (CAD), and BIM in a common data 
environment (CDE) to support characterisation was discussed. 
o GIS is a spatial database with mapping, display and data analysis tools. 
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o BIM (digital twin) is a spatial database with design, modelling, display, data 
analysis and planning tools. BIM = CAD + database. 

o CDE is an integrated 3D tool for D&D planning and implementation. CDE = 
GIS + BIM (digital twin). 

• The synergy between geologic/hydrogeologic data and operating facility design 
(including operations, work practices and system arrangement) is improved by 
these tools, as long as a common model platform for diverse external data sets is 
provided. 

• Like new build construction, effective decommissioning requires planning and 
implementation. 

• Investment in modelling and characterisation helps to reduce remediation and waste 
management costs. 

• The use of a CDE is well suited to nuclear facilities due to design control and 
extensive required documentation, including related to: 

o design specifications – mechanical, electrical, plumbing (MEP); 
architectural; structure; civil; 

o FSAR/UFSAR; 

o engineering changes; 

o plant modifications; 

o procedures and QA/QC; 

o operations; 

o corrective actions; 

o environmental monitoring. 

o ageing asset management and record keeping. 

• Examples where CDE can be applied include: 

‒ buried pipe inspections; 

‒ subsurface/hydrogeologic investigations; 

‒ radiological surveys and modelling; 

‒ subsurface NDE to support subsurface characterisation/D&D; 

‒ robotic inspection to support decommissioning planning; 

‒ large component removal; 

‒ demolition take-offs and waste management. 

• The technology is proven to support enhanced, prompt and effective 
decommissioning of the current fleet of reactors.  
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3.3.3. Airborne sensing and deep learning mapping methods for safety 
assessment and optimisation of remedial measures in the Chernobyl 
Exclusion Zone (Sebastian BRIECHLE, Peter KRZYSEK – MUAS, 
Germany; Norbert MOLITOR – Plejades GmbH, Germany) 

 

• The presenters shared practical experience obtained in Ukraine during the 
characterisation of 800 burials of radioactive waste created during accident 
liquidation at nine Radioactive Waste Temporary Storage Facilities (RWTSP) in 
the Chernobyl Exclusion Zone (CEZ) to carry out safety analysis, support and 
optimise remedial actions, and support waste management. 

• To minimise dose uptake and optimise time for investigations, airborne geophysical 
survey technologies were tested and used successfully (ALARA).  

• A combination of different innovative technologies (gamma spectrometry, LiDAR, 
multi-channel photogrammetry in combination with different unmanned aerial 
vehicles (UAV), and artificial intelligence/deep learning) were used to characterise 
the impacted areas. 

• The radiological background after the accident, coupled with high density forest 
and difficult terrain, presented characterisation challenges. 

• The results are ready to be included in refined radiological assessments and 
remedial action plans for the RWTSP. Based on the results achieved and the 
experience collected in this project, the work and development of these 
technologies will be continued. 

3.3.4. Autonomous and intelligent characterisation: trends and challenges 
from SME perspective (Matt MELLOR – CREATEC, United Kingdom) 

• Small and medium-sized enterprises (SMEs) can deliver rapid innovation at low 
costs by bringing unique skills and intellectual property (IP) mixes to bear 
(evidenced by a selection of technologies in deployment/development). 

• Opportunities arise where SMEs can “bridge silos” by working across multiple 
nations/client organisations – “bottom up” innovation rather than “top down”. 

• Characterisation was described as a two-step process: 

o data collection using a range of instruments or robotics and sensor 
configurations; 

o data analysis to produce a 3D map for radiation source distribution with N-
Visage® Fusion; 

• The development of panoramic imaging coupled with sensors mounted on vehicles 
is important for hard-to-access areas/elements. 

• The main findings from CREATEC’s SME experience include that: 

o 3D radiological mapping can lead to significant savings; 

o it is hard to standardise and scale-up is limited (due to QC and training 
requirements); 

o there is increasing interest/uptake from end users; 

o autonomy of data capture may be the solution. 
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3.3.5. Panel discussion with presenters and key findings 

• A variety of tools have been used to characterise complex decommissioning and 
legacy sites and have demonstrated their utility in advancing more effective and 
efficient remedial and waste management decision making. 

• The tools fall in the categories of: 
o spatial modelling, visualisation and data analysis; 

o radiation survey instrumentation and detection; 

o artificial intelligence and machine learning; 

o remote sensing using a variety of delivery methods and platforms. 

• Innovative technologies for characterisation can assist with D&D and 
remedial planning; reduce worker dose (ALARA); and reduce waste generation. 

• Technology development would benefit from collaboration across countries 
and clients using a “bottom-up” approach. 

• As regards BIM, the process generally starts with design models of plants, which 
is a high effort step. The data are gathered and implemented in an asset model. For 
a faster approach, LiDAR is used; however, this is only surface information and for 
a more in-depth model, understanding the effects of scattering, materials etc. is 
needed. 

• It has been noted that during drawing verification, there is often a mismatch with 
the actual buildings. LiDAR or “Go-Pro” cameras on helmets or on robots can be 
useful in these instances. This is common practice in the architectural field and can 
be applied to nuclear decommissioning. 

3.4. Innovative techniques and technologies for surveys of subsurface soils 
and groundwater 

This session was chaired by WPTES member and Vice-Chair Sofía Luque (CSN, Spain), 
and included four presentations covering a range of topics: 

• the use of multivariate geostatistics for subsurface characterisation; 

• the application of non-radiological contaminant geostatistical techniques 
to radiological subsurface characterisation; 

• the use of geophysical data to help in subsurface characterisation; 

• the use of geostatistics to extend MARSSIM principles into the subsurface. 

3.4.1. Geostatistics to help optimise subsurface sample design and support 
remedial and final status survey decision making on several case studies 
(Yvon DESNOYERS – Geovariances, France) 

• The multivariate geostatistics approach can be used for volume characterisation, 
waste zoning, the establishment of radiological thresholds, compliance with 
clearance levels, migration profile, impact assessment etc.. It enables rationalising 
the investigation effort between in situ measurements and lab analysis. 

• The uncertainty quantification estimation provides objective decision-making tools 
(maps and risk curves) for waste classification. 
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• Various case studies were presented: 

o Fukushima Daiichi; 

o ATUE uranium enrichment facility (CEA Cadarache) ; 

o a filter room (CEA Marcoule); 

o a former moat (CEA Fontenay-Aux-Roses). 

3.4.2. Case studies on use of geostatistical techniques to facilitate 
decommissioning decision making (Pierre GOOVAERTS – BioMedware 
Inc., United States) 

• PCB concentrations were measured at different depths in river sediments, with the 
aim to:  

o identify the dredging depth required to remove sediments that were 
contaminated above the remedial action level (depth to cleanline); 

o identify locations with the highest uncertainty where additional sampling might 
be needed; 

o design a sampling scheme to test with a given power whether the site is clean 
or not after dredging.  

• A 3D geostatistics model based on distance was used to assess the problem. 

• Geostatistical characterisation of complex sites (e.g. PCB-contaminated sediments 
in meandering rivers) requires the selection of appropriate measures of proximity 
(e.g. non-Euclidean) both laterally and vertically. 

• Non-parametric techniques offer a flexible way to account for uncertainty attached 
to measurements (e.g. unbounded cores) and strongly asymmetric frequency 
distributions. 

• Stochastic simulation is recommended to derive distribution-free estimates of 
probability of adverse events and investigate how uncertainty about the spatial 
distribution of contaminants influences the decision-making process and statistical 
power. 

• Different geostatistical models (i.e. 2D model for depth to contamination, 3D model 
of contaminant concentration) can be used as multiple lines of evidence for decision 
making. 

• Samples can be taken to validate the model and ascertain its accuracy. This is 
usually requested by the public/clients in order to increase confidence in the 
modelling. 

• Data from various sources and time frames can be combined in “layers” to improve 
the model. 

3.4.3. Advances in non-invasive technologies for subsurface characterisation 
(Frederick DAY-LEWIS, Tim JOHNSON – PNNL, United States) 

• Geophysical toolbox, Electrical Resistivity Tomography (ERT), and Time Domain 
Electromagnetics (TDEM) were presented as non-invasive technologies for 
subsurface characterisation. 
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• No single geophysical tool works at every site and often tools are used in 
conjunction to enhance interpretation and inform conceptual site model (CSM) 
development.  

• Electrical imaging can be used on the surface to measure various subsurface 
properties including moisture content, porosity, fluid conductivity, soil surface 
area, buried metal infrastructure, and anomalous conditions. 

• Geophysical data can be used as conditioning data for geostatistical simulation. 

• Time-lapse geophysical monitoring can be used to detect and locate leaks, estimate 
water flux, and monitor groundwater/surface water exchange. 

3.4.4. Data visualisation for survey design and spatial analysis tools to support 
subsurface decision making (Robert STEWART – ORNL, United States) 

• Direct MARSSIM application in the subsurface is problematic due to the expense 
of sampling and the barriers to exhaustive scanning data. 

• An approach to creating guidance was taken by merging the guiding principles of 
MARSSIM, Triad and geostatistics under traditional environmental phases, 
i.e. geostatistical error management (GEM). 

• GEM retains MARSSIM principles in the subsurface by recasting compliance as a 
geospatial decision workflow operating in a sparse data environment. 

• GEM leverages geostatistical methods to define and then advances an explicit 3D 
stochastic CSM into a 3D compliance check. 

• The GEM workflow utilises a multi-scale subsurface decision rule to drive agile 
sampling, characterisation and remedial design towards a compliance decision. 

• It offers a modelled response to the lack of subsurface scanning and provides 
probabilistic evidence of compliance. 

• When an area is remediated, the derived concentration guideline levels (DCGL) 
must be recalculated for new backfill, etc. 

3.4.5. Key findings 
• The difficulty and cost of exhaustively scanning a subsurface for compliance with 

clearance levels and impact assessment are an issue. 

• Multivariate geostatistics (with uncertainty estimation integrated) can be used to 
combine relevant data, in particular in situ measurements, with in-depth samples to 
estimate and represent data distributed in space or time with high confidence. 

• Geostatistical methods typically used for non-radiological contaminants can be 
applied to radiological contaminants. One case study is the 3D geostatistical model 
for the spatial distribution of PCB used for decision making in river sediments in 
the United States. 

• Geophysical data can be used to understand subsurface properties (e.g. flow, 
transport of contaminants, electrical conductivity of a subsurface, contaminant 
plumes) and to help characterisation, monitoring and data collection over large 
areas. 
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• Geostatistics can explicitly link the MARSSIM processes of historical, scoping, 
sampling, characterisation, remedial design and compliance to support traceable 
decision making. 

• The advantages of the techniques discussed in this panel session (i.e. geostatistics 
and geophysics) are that they can facilitate decision making, optimise sampling and 
analysis, reduce costs, and provide accurate results with high confidence. 

• The challenges associated with these techniques are that they need to communicate 
and interpret results in the language of probability. Geostatistics more tightly links 
the stakeholders to concepts of uncertainty than they are used too or comfortable 
with. Better communication of recommendations and education on both sides are 
needed to close the gap. 

3.5. Innovative techniques and technologies for radiological and site 
characterisation of land 

This session was chaired by IAEA representative Peter Sladek and included two 
presentations covering how novel techniques have been used to support characterisation of 
the following: 

• discrete radioactive particles in decommissioning (survey design considerations 
and calculation of minimum detectable activities for various radionuclides); 

• uranium mining and processing facilities using aerial based systems (drones). 

3.5.1. Estimating scan minimum detectable activity for a discrete radioactive 
particle (David KING – ORAU, United States) 

• Although an integral part of radiological characterisation, there is limited guidance 
on surveying of – and no standard model for calculating the minimum scan 
detectable activities for – discrete radioactive particles (DRP) to support 
decommissioning. 

• The MCNP code was used to model radiation detector responses to DRPs, 
considering various source/detector factors and benchmarking with the 
MicroShield computer code. 

• Scan minimum detectible activity (MDA) estimates are presented for various 
radionuclides. 

• Scan MDAs were found to increase with greater detector-to-ground surface 
distances, greater depth of DRP below ground surface, faster surveyor velocities, 
and for more pessimistic scenarios where the detector is the furthest distance from 
the DRP source, with some noted exceptions.  

• A bigger detector surface area increases sensitivity. 

• The “swinging” surveying motion was recognised but not included in the models, 
as approximation for ideal conditions (constant detector-source distance) was 
assumed; this might be refined later. 

• An energy dependency exists and is one of the difficulties to account for; for higher 
energies, the radiation passes through the detector with no interaction. Efficiency 
curves were produced from this study and are available. 
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• Results may be further developed (e.g. scan MDAs for collimated detectors or with 
more modern data collection systems) and folded into formal decommissioning 
guidance. 

3.5.2. Case Study – Uncrewed aerial vehicle gamma survey in Central Asia: 
Results and outlook of the DUB-GEM research & development project 
(Sven ALTFELDER – IAEA) 

• Drones have been used for the characterisation of uranium mining and processing 
sites. 

• Challenges and lessons learnt associated with logistics, instrumentation, 
deployment and site-specific factors (terrain, biotic activity, weather) were 
discussed, as well as challenges in ground-truthing with ground-based surveys.  

• Typical issues with spectral resolution of uranium and thorium series radionuclides, 
as well as the need for homogeneity/geometry assumptions, were presented. 

• Survey speed and altitude are important considerations with respect to detection 
sensitivity and source resolution. 

• The identification of localised hot spots may not be as important as obtaining areal 
averages of gamma radiation with respect to the risk to human health. 

• Increased exposure rates may signify failure of cover systems and provide useful 
monitoring and maintenance information. 

3.5.3. Panel discussion with presenters and key findings 
• Although the payload of a drone has significantly increased in recent years, weight 

can still be an issue where a large scintillator is concerned; because of the increased 
footprint of a drone survey, a smaller scintillator can be used and good results can 
still be achieved. 

• Uncertainty in geostatistics is still a difficult concept to convey to the general public 
and to regulators, which poses a significant challenge. 

• Limited guidance is available on survey design considerations for discrete 
radioactive particles. 

• Scan minimum detectable activities can be calculated using the MCNP computer 
code; results with MicroShield compare favourably against MCNP results and can 
also be used. 

• Coupled with information on risk-significant activities of DRP radionuclides, an 
assessment of the adequacy of various scanning methods can be made. 

• Slower scan speeds, lower detector-to-ground surface distances, and lower burial 
depths or cover depths generally lead to lower scan MDAs. 

• Future work with collimated detectors or more modern data collection systems is 
planned. 

• The lack of training, specialised equipment and a regulatory framework present 
challenges to the successful remediation of radiologically impacted sites. 

• Systems based on unmanned aerial vehicles (UAVs) can be useful in assessing 
average exposure rates over moderate scales and the risk to human health, and can 
provide useful engineered cover monitoring and maintenance information. 
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• Drone survey parameters (e.g. survey speed, altitude, payload, and resolution) were 
assessed as part of the IAEA DUB-GEM project. 

• Key assumptions, limitations and challenges of the UAV systems were provided. 
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4. Topical session 2.1 – General session on innovative decontamination 
and decommissioning technologies and good practices for 

implementation of technologies 

4.1. General session on innovative technologies to support D&D 

This session was chaired by WPTES member and Vice-Chair Arne Larsson (Cylife Groupe 
EDF, Sweden) and included two presentations on the deployment of new technologies, 
including their testing and demonstration, and a case study on the selection and application 
of an aggressive de-activation technology. 

4.1.1. Advances in D&D technologies (Lawrence BOING – ANL, United 
States) 

The key ideas discussed in this presentation included: 

• New technology deployment programmes tend to have slowed down compared to 
the past; there is now a need to “re-energise” the new technology sector. 

• New technologies must be tested under real conditions (e.g. dirty, wet, hot, cold, 
contaminated spaces) to collect useful real world performance data before they are 
widely accepted and employed.  

• Screening of viable technologies needs to be conducted, and these should be 
independently evaluated. Quantifiable progress must be documented; benefits such 
as money, time and effort savings should be proven. 

• Information sharing is critical for multi-deployments, both internationally and 
domestically. 

• Innovative changes – not revolutionary changes – need to comprise incremental 
advances that are easily adaptable to D&D workspaces. These can include lasers, 
drones and remote systems that are easy to deploy, as well as management and 
technical software. Technology must be easy to utilise and easy to train in for new 
operators and maintenance teams. 

• Decommissioning must be more closely integrated into the lifecycles of new 
reactor designs. 

• A case study was presented: the US DOE Large Scale Demonstration Project 
concept 1995-2005. Nearly 100 D&D technologies were demonstrated, 
constituting 300 deployments. An estimated 25 technologies were taken forward to 
the top tier and were highly successful. These are now routinely deployed in D&D 
and other projects today. 

• From the discussion it emerged that clear goals are needed in national legislation 
to push innovation forward. 
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4.1.2. Aggressive deactivation of product purification cell (PPC)-South of the 
West Valley Demonstration Project main plant process building (Bryan 
BOWER – DOE, United States) 

The key ideas discussed in this presentation included: 

• The objective of the project was to remove high inhalation dose contributors 
embedded in the walls of a former nuclear fuel reprocessing cell at the West Valley 
Demonstration Project (WVDP) to prepare reprocessing building for demolition. 

• The process involved “wall scabbling” using NitroCision™ technology to remove 
the outermost layer of concrete, then collecting the removed material and packaging 
it for storage and disposal. 

• The tooling consisted of a hands-on deployed liquid nitrogen wand that removes 
the Polymeric Barrier System™ (PBS) fixative, paint and concrete. It requires a 
HEPA filtration system. 

• Multiple technologies were evaluated. High-pressure liquid nitrogen was preferred 
for multiple reasons and mock-up testing was performed. 

• The importance of bringing the staff on board, as well as partnering with the 
contractor and facility owner, was highlighted. 

• Improvements can be made to the engagement of new workers/operators, support 
for equipment reliability, in the documentation of the characterisation sequence. 

• The project resulted in the removal of embedded dose contributors up to 100 mm 
in thickness, although the typical thickness was a few mm. 

4.1.3. Key findings 
This session highlighted the need to introduce and test new technologies. Larger R&D 
programmes to test and evaluate new technologies are valuable and co-operation is 
beneficial on a national and internation scale. Stakeholder management and onboarding 
staff throughout the project is important and developing partnerships with contractors and 
facility owners is a key enabler of success. 
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5. Topical session 2.2 – Specific examples on innovative 
decontamination and decommissioning technologies and good 

practices for implementation of technologies 

5.1. Innovative technologies to support D&D 

This session was chaired by WPTES member Vincent Gorgues (CEA, France) and included 
seven presentations on innovation in cutting technologies; soil characterisation, treatment, 
and management; characterisation process flowcharts and innovations; and implementation 
of innovative technologies from a regulator’s perspective. 

5.1.1. Laser technology for PWR/BWR RVI segmentation (Pierre DAGUIN – 
ONET Technologies, France; Ioana DOYEN – CEA, France) 

 The key ideas discussed in this presentation included: 

• Technologies have been developed for the dismantling (cutting) of the vessel and 
the internals to overcome the limits of existing technologies. 

• Laser cutting technology is already mature and flexible (geometry, thickness). 

• Two different versions of laser cutting technology were presented – in-air and 
underwater.   

• Laser cutting technology in-air has already undergone extensive testing (up to 
20 cm); while laser cutting technology underwater capability is still to be developed 
and tested further. 

• A huge advantage is that laser utilities and their control room are remote, i.e. located 
in a zero-radiation environment. 

• A key point is the management of the cutting particles and aerosols generated 
during the cutting (key for radiological safety). 

• Other challenges include:  

o laser beam residual power during in-air cutting; and  

o hydrogen generation during underwater cutting. 

• In the LD-SAFE (H2020 programme), the aim is to demonstrate in-air and 
underwater capabilities, with a focus on highlighting safety- and cost-related 
advantages, as well as the suitability for nuclear reactor dismantling activities 

• The benefits are cost reduction, increased operator safety, risk reduction, and 
optimisation of dismantling time.  

• The risks are that:  

o specific segmentation plans are needed to avoid risks associated with laser 
beam residual power for in-air applications; and 

o hydrogen is generated during underwater cutting operations. 

• The possibility of collaboration and information sharing with other entities carrying 
out similar activities was highlighted; namely the team under Fraunhofer ISW 
(Germany), together with ISP Nuclear Power Plant (Ukraine), who initiated an 
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R&D project to cut lava-type FCM at Chernobyl Nuclear Power Plant Unit 4, and 
the Extreme Robotics Lab at the University of Birmingham (United Kingdom). 

5.1.2. Recent advances in semi-autonomous robotic cutting (Prof. Rustam 
STOLKIN – University of Birmingham, United Kingdom) 

The key ideas discussed in this presentation included: 

• A range of technologies is available to improve the efficiency of cutting operations 
monitoring. Such technologies are applicable to every cutting technique. 

• Improved efficiency is possible through parallel monitoring and cutting activities, 
such as the capturing of a 3D object model in “hidden time”, simultaneously with 
robot movements during cutting. 

• Digital twin interfaces may be used prior to commencing cutting to assist with the 
selection of cuts, automatic planning, and simulations of the cuts. 

• Learning plans can be implemented to handle odd shapes and employ automatic 
recognition of surfaces. 

• There is a balance to be struck between full autonomy (e.g. collision detection), 
direct human control (e.g. force sensing through haptic feedback equipment), or a 
mix between the two (e.g. safe AI autonomous operation from a human cut on a 
3D-scanned object). 

• This can be made compatible with nuclear safety and national security regulation, 
by appropriate co-working between roboticists and nuclear end users. 

• The potential for collaboration between the University of Birmingham and the CEA 
was highlighted. 

5.1.3. Innovative technologies for soil decontamination and stabilisation 
(Maxime FOURNIER – CEA, France) 

The key ideas discussed in this presentation included: 

• The DEMETERRES MOUSSE Project:  

o aims to promote the floatation foam technology for soil decontamination and 
potential reuse; 

o was developed with accident remediation in mind (Fukushima Daiichi); 

o sees caesium-selective clay floating at the top of a column with air bubbles 
injected from below; 

o provides an end result that is a reusable soil that retains its agronomic 
properties; 

o yielded two test campaigns with good efficiency; 

o faces the challenge of increasing capacity and industrialisation while also 
increasing the decontamination factor and waste volume reduction; 

o showcases versatility in technology (from accident scenarios to D&D 
operations); 

o provides a decision-making tool linked with technology development.  
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• The SOLVERIS Project: 

o aims for soil radiological stabilisation by in situ vitrification using the 
GeoMelt® ISV™ technology to create a new waste management route in 
France, possibly decreasing the constraint on waste storage sites; 

o provides in situ treatment of contaminated soil through the insertion of graphite 
electrodes in the soil, passage of current enabling a heating by Joule effect, and 
soil melting; 

o includes the capture and treatment of gases; 

o can contribute to the safety case through a reduction of radiological and 
chemical risks due to the properties and stability of the glass matrix; 

o is currently focused on on-site selection for on-site testing. A screening study 
is underway to support site selection using four criteria – including waste/soil 
type, regulatory constraints, technical constraints (for setting up the GeoMelt® 
ISV™ process), and the ability to characterise the site before and after 
treatment. 

5.1.4. Automatic characterisation and sorting of large quantities of soil and 
rubble (Felix LANGER – NUKEM, Germany) 

The key ideas discussed in this presentation included: 

• FREMES is a fully automated system for the radiological characterisation of large 
amounts of potentially contaminated bulk materials (soil, building rubble, etc.). 

• Material is fed and processed in a continuous stream (conveyor system), with 
automated measurement of U-235. 

• The concept is proven at 100 tonnes/hour. 

• It allows the total cleaning and free release of a site, and a significant reduction in 
waste volume. 

• It is a reliable process against inner and outer influences, and is easily operable by 
existing site personnel. 

• The presentation highlighted the following case studies, which each featured 
technical, organisational and logistical challenges: 

o FBFC International – Dessel, Belgium; 

o AECK – Angarsk, Russia. 

• The importance of calibration and testing, and of communication and team 
motivation was highlighted by the case studies. 

5.1.5. Policy, strategy and risk assessment methods for sustainable waste 
management during nuclear site regeneration (Andrew FAIRHURST – 
NDA, United Kingdom) 

 The key ideas discussed in this presentation included: 

• The various options available for sustainable waste management in the United 
Kingdom were discussed to aid with the site end state. 



42 | NEA/DLM/R(2024)2  

WPTES WORKSHOP PROCEEDINGS  
  

• The UK NDA uses a Value Framework to support case-by-case decision making 
for waste management solutions. This considers balancing controls, physical state, 
and the planned next use of the site, and aims to account for lifecycle impacts on 
the environment, society and economy. 

• The approach is pragmatic on both site-specific and case-specific levels. It included 
consideration of land value variations and differing community requirements, 
environmental sensitivities, and local resources. 

• There is a strong link with recent policy and regulation changes in the UK, 
including a broad adoption of sustainability into nuclear decommissioning and local 
government. 

• This is an iterative approach to manage uncertainties and consider the consequences 
of societal change, alongside public expectations. 

• Two case studies were presented, Harwell (United Kingdom) and Winfrith (United 
Kingdom), with their own challenges and site-specific constraints. 

• The decision-making process leans towards in situ (in-structure) disposal, although 
there are still a number of challenges remaining. 

• There remains an ongoing debate on safety compared with optimisation. Waste 
management activities are framed by safety considerations, whereas optimisation 
must consider more than radiological protection. 

5.1.6. Characterisation lessons learnt from Finland (Anumaija LESKINEN – 
VTT, Finland) 

The key ideas discussed in this presentation included: 

• Two case studies were presented: 

o OK3 – old laboratory and hot cells; 

o FiR1 – TRIGA research reactor. 

• The commonalities at the two sites in the case studies were: 

o the wide spectrum of radionuclides, types of cells and radiation levels; 

o the importance of preparing D&D to overcome a lack of information, to manage 
large volumes of waste and legacy waste, and to account for little or no scaling 
factor. 

• Unexpected contamination and the presence of nuclear materials highlight the need 
for flexible characterisation. 

• Characterisation is a continuing process in all D&D phases and an iterative process 
from measurement to dismantling plans. 

• The are numerous technological and scientific challenges: the calculation of 
activations, the management of heterogeneous materials, background radiation, 
calibration. 

• Safety issues include dealing with the volatility of radioactive materials during 
destructive characterisation. 

• Innovations include the development of a hollow drill bit, the cyclone collection of 
dust, and contamination control. 

• Collaboration exists also with non-nuclear companies.  
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5.1.7. Regulatory challenges (and opportunities) associated with 
implementation of innovative technologies (Paolo PICCA – ONR, United 
Kingdom) 

The key ideas discussed in this presentation included: 

• Innovation is the implementation of new ideas that generate value. 

• Where regulatory frameworks exist, an equilibrium needs to be struck between 
knowledge, benefits, risks and impact assessment, as done for example for robotics, 
drones, laser cutting, and quadruped robots. 

• Elaborating a regulatory framework for an innovation while it is being tested 
(without holding back the innovation) requires: 

o understanding the applications; 

o benchmarking; 

o defining new standards; 

o assessing the research to be done. 

• AI and blockchain are among the main technologies to be tested in “regulatory 
sandboxes”. 

• The role of authority (guide, early engagement) vs. independence needs to be 
considered. 

5.1.8. Key findings 
This session highlighted the uses of laser cutting technology in decommissioning for the 
dismantling of vessels and internals, overcoming the limitations of existing technologies. 
There are major advantages in using laser cutting, which is a mature and flexible 
technology that is being further explored and tested towards the goal of full autonomy. 

Different soil decontamination and stabilisation technologies are being developed through 
international co-operation and projects, as well as techniques for the characterisation and 
sorting of large quantities of soil and rubble, to allow the total clearance of sites from 
regulation and a considerable reduction in waste volumes. 

Innovation is the implementation of new ideas that generate value. Close collaboration 
must be maintained between implementers and regulators, and “regulatory sandboxes” can 
be used to enable an innovation that is still in the testing stages. 
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6. Group activity 

6.1. Breakout sessions: Introduction 

Breakout sessions were held in the format of workshops, covering a range of questions both 
of a general nature and more specifically regarding characterisation and D&D. The 
outcomes of these discussions were recorded, aiming to offer inspiration for subsequent 
work. It is important to note that the views expressed herein are the personal reflections of 
the participants and do not constitute an endorsement or recommendation by the NEA 
WPTES. 

6.2. Breakout session: General 

Question 1: How can we better disseminate information on innovative 
decommissioning technologies to the public (providing stakeholders access to and 
knowledge about the innovative technology)?  

To facilitate a more comprehensive discussion of this question, participants initially defined 
the “public” as individuals who do not have technical knowledge in this domain. Some 
countries encountered challenges, such as information and knowledge-sharing gaps, 
limited public engagement, and negative perceptions. The discussions extensively covered 
the channels through which dissemination could be enhanced (How) and the content 
deemed valuable for dissemination (What). Additionally, participants elaborated on good 
practices and lessons learnt from various countries. 

 

Table 6.1. Information on communicating innovative decommissioning technologies to the 
public 

 

How What 
Conferences involving public participation 
Good practice: 

• Special conference for public debate on various 
topics at a national or local level 

• Regular stakeholder engagement meetings 
• Hearings for sharing progress and results 

Tailor messages and information to the 
public's needs 

Workshops/short technical courses/activities 
that include public participation 
Good practice: 
• Events with an educational purpose 
• Specific training, including drone training 

Provide transparency on funding sources 
Whether the activity is undertaken by a private or 
public organisation might lead to different 
outreach to the public.  
• Public funds:  
Concerns might include how the public money is 
being invested or used 
• Private entities' involvement:  
Concerns might include corruption and 
misappropriation 
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Social media 
Good Practice:  
• Regular YouTube appointments open for 

questions 

Describe how the technology provides a 
significant positive impact 
The big impact must be visible since the public is 
results-driven 

Visits to installations (show and tell)/public 
day 
Lessons learnt: 
• Public day inviting locals for a site tour to enhance 

confidence is rarely done for security reasons 

Provide information on how public safety 
is ensured 
Safety is the number one priority- not limited to the 
workers, but the safety of the public and the 
environment 

Reports 
Good practice: 
• Free-of-charge reports open to everyone 
• Reports by regulators with results of inter-

comparison exercises carried out by different 
laboratories using different analytic methods 

• Weekly newsletter 

Provide information in an easy-to-
understand format 
Comprehensive reports with complex 
equations/explanations might cause a negative 
perception since they are too detailed 

Specialised organisations to disseminate 
information 
Good practice: 
• Specialised organisation in radioactive waste 

management area took charge of advertising and 
marketing the expertise within the supply chain to 
site owners who are implementing 
decommissioning programmes through dedicated 
conferences, events or websites 

Provide information on how resources are 
preserved (future beneficial material or 
land use) 

 

Question 2: Are there lessons learnt related to the use of innovative technologies or 
data/information obtained from innovative technologies, taking into account all 
stakeholders including the regulator (success stories but also pitfalls to avoid)? 

Innovation is intricately tied to efficiency, safety and productivity, yet apprehensions about 
a lack of sufficient usage experience can impede the adoption of innovative technologies. 
Thus, the experience of practical application and data/information obtained from the 
innovative technology is worth sharing to facilitate the acceptance and application. 
Participants shared lessons learnt related to this topic.  

Adoption/use of innovative technologies:  

• Stakeholders crucial to the collaboration — R&D institutions, regulators, legal 
departments, operators and end users — were identified during the discussion. A 
key consensus emerged: Early involvement of all stakeholders is essential. This 
early engagement serves multiple purposes, such as facilitating the transfer and 
exchange of information to comprehend challenges and context. It establishes a 
common ground supporting a graded approach, preventing the accumulation of 
extensive documents at the project's end. Moreover, it helps mitigate the “surprise” 
factor. Notably, considering that legal departments are often viewed as barriers to 
implementing innovative techniques or technologies on-site, initiating interaction 
with them in the early phases of characterisation and decommissioning becomes 
crucial. Defining the legal liability boundary at this stage can streamline the 
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process. Lastly, documentation is important, serving as a reference point to revisit 
agreements made during the initial discussions.  

• Ongoing R&D projects, including those projects promoting collaboration between 
R&D entities and operators to increase the likelihood of implementation of the 
technology, were identified as good practice. Engaging end users early in the R&D 
process (design reviews, weekly meetings, mock-ups etc.) could help update the 
technology design to meet the needs of the stakeholders and help to optimise the 
likelihood of success.  

• Financial risk was mentioned as another barrier to adopting new technology, e.g. 
cost of failure, training. A good practice with opening funding (money collection 
fixed by law) for applications was illustrated. 

Data/information obtained from innovative knowledge: 

Data/information sharing - Organisations are more likely to attend meetings if they have 
good practice to share rather than errors made or pitfalls. Operators who wish to push 
innovation have no incentive to share bad experiences and tend to limit the information to 
the regulator for fear that too many questions will be asked. This creates high-level 
information (limited) sets that actually cause several iterations of questions that are 
necessary to clarify. Regulators share lessons learnt from sites in reports and events from 
their perspective, yet the valuable input from vendors and end users in technical 
documentation often goes unnoticed. 

Knowledge dissemination - Participants noted the existence of databases and books 
containing information on innovative technologies in decommissioning. However, there is 
a need to enhance awareness of these resources, and participants expressed the expectation 
for a more user-friendly data explorer. Critical data reside in the minds of individuals in 
the field rather than being archived, emphasising the growing necessity for a knowledge 
transfer approach, even within organisations. Furthermore, existing decommissioning and 
characterisation engineering educational programmes fall short in meeting the 
requirements for effective knowledge dissemination across generations. 

 

Question 3: How do the security constraints of your current organisation affect access 
to external information? 

Classified or sensitive information inherently involves a high level of cybersecurity, with 
firewalls set up to prevent nefarious agents from hacking servers from outside the site. This 
often prevents staff from accessing cloud-based databases that have been made available 
by organisations external to their own.  

One point noted is that in the past, most companies were eager to share their information. 
Now, sharing is limited due to commercialisation (e.g. business proprietary). 

6.3. Breakout session: Sampling and characterisation 

Question 4: Where do you see there are technology gaps or challenges in 
characterisation to support decommissioning decision making (e.g. sampling/ survey 
of concrete, sampling of buried materials or structures)? 

Isotopes measurement: 

• Difficult-to-measure isotopes such as C-14 and tritium are renowned for being 
difficult to measure and hard to quantify without significant uncertainty and 
assumptions made. 
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• Due to a lack of proper technology for measurement, some organisations have to 
ship samples abroad, which is time-consuming.  

Penetration depth: 

• Understanding the limits of depth penetration is crucial for effective removal 
strategies. 

• Core drilling is employed for deeper gamma surface surveys.  

Characterisation timetable: 

• Earlier characterisation is vital, and ideally completed before the end of the 
generation phase. 

• The goal is to integrate characterisation into routine operations, both during 
generation and decommissioning, providing more information sooner. This 
approach also supports the case for final disposal and contributes to the positive 
perception of nuclear activities. 

Statistics methodologies: 

• Improvements are needed in sampling and characterisation methodologies, 
including statistical techniques. 

• Opportunities exist for advancing geospatial models to better account for structural 
relations beyond distance and space. 

• Factors influencing contamination presence may not be adequately captured 
through variography alone. 

 

Regulator's perspective 

• It is important to note that without planning, broad characterisation is all that can 
be done. The extent of planning and desired outcomes of characterisation is 
generally determined by the objectives – this could be for high-level decision 
making, waste classification or compliance of material for clearance or reuse with 
action levels defined by regulation. 

• Knowledge sharing prevents rework and ensures adherence to best practices. From 
the regulator's standpoint, some regulator conducts sample analysis, comparing 
models between the regulator and the plant. Regulators have oversight of operators, 
enhancing trust in data, and additional scrutiny is often embraced as independent 
validation. 

 

Financial concerns 

Investing in an adequate characterisation programme upfront to minimise costs 
associated with inadequate remediation, as well as costs associated with long-term 
human health dose or risk. 

The question is how to make sampling and characterisation technology more competitive 
in terms of cost-effectiveness, not at the cost of safety.  
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Question 5: Is there regulatory guidance and/or industry guidance on “how to” carry 
out data evaluation and interpretation? What are the biggest gaps (e.g. laboratory 
protocols, survey protocols)? 

 

Table 6.2. How to carry out data evaluation and interpretation 

 

Current status and concerns Practical suggestions and successful 
initiatives 

Current status and observations 

• Characterisation has a considerable part to 
play in sustainability. 

• Notable differences exist between upstream 
and downstream consideration. 

• In the application of statistical methodologies, 
the oversight of the range of validity, 
assumptions, and limitations can lead to 
questionable results. 

• Despite written guidance, the practical usage 
is flawed, creating a gap between theory and 
application. 

• Negotiations for measurement rules vary by 
state, tied to the political structure and law in 
some countries. 

Concerns 

• Even with the desire to do the best possible, it 
is costly and time-consuming to obtain 
accurate data and collect accurate results. If 
the guidelines were made mandatory, it would 
be difficult for anyone to strictly comply.  

Practical suggestions 

• Many stakeholders advocate integrating 
characterisation into the operating plan or 
regulatory framework. 

• A preference exists among stakeholders for a 
country-wide solution. 

• Strengthening geospatial/geostatistical 
capabilities within regulatory guidance is 
essential; integrating these capabilities into 
regulatory forms will encourage innovation in 
geospatial sciences. 

• Developing Wiki pages could be a beneficial 
approach. 

• Exploring solutions beyond the nuclear field for 
sharing protocols and curating data may yield 
valuable insights. 

Successful initiatives 

• MetroDecom and MetroDecom II, which aimed 
at standardising determination of radionuclides 
(EMPIR, 2020). 

• ENVIRO Wiki (Enviro Wiki, 2023). 

 

Question 6: Are there specific contaminants, matrices or sample locations which are 
problematic and still require resolution? 

• There are issues such as Chlorine-36 concentration and risks of Wigner energy 
release and dust deflagration. 

• There are also issues with contaminated organic liquids, how to treat them, 
transport them to a near surface repository, and identifying a matrix that is 
compatible with near surface repository. 
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Building and concrete 

• There are issues with access inside buildings. 

• It is hard to characterise low-level activation in concrete. A possible solution is to 
start with small volumes with high activity, and then large volumes with lower 
contamination. 

• It is not possible to get full characterisation before the start of dismantling because 
this can cross-contaminate if there is contamination inside walls. 

• In reinforced concrete, radionuclides follow the steel lines, so it is a double matrix 
with different geometries and distribution of radionuclides. 

 

Question 7: Are any innovative technologies currently under development that you 
would like to share (for both decommissioning (structures) and remediation (land))? 

Unfortunately, this question was not answered due to insufficient time but is kept in the 
proceedings in an attempt to inspire readers' thoughts. 

6.4. Decontamination and decommissioning  

Question 8: Does cross-industry learning happen in your country/internationally? 
Are there drivers that support the “learning” (e.g. dedicated networks)? 

Examples of cross-industry learning include: 

• The SERDP conference.  

• The Waste Management conference in Phoenix, Arizona.  

• The IAEA conference series.  

• In Spain, the annual Spanish nuclear society meeting for the industry to encourage 
sharing of knowledge, networking, etc from all the nuclear sectors. 

• In Sweden, meetings arranged by the regulatory body where the industry is invited 
to share lessons learnt and to hear feedback from the regulatory authority. 

• In the United Kingdom, several annual events organised by the NDA that bring 
both operators and suppliers together. They vary in terms of the balance between 
commercial versus scientific depending on the intended audience: 

o NDA Supply Chain and Decom events – where the suppliers showcase their 
new technologies. 

o NWS conferences – the NWS has a programme of work funded by the 
government to looking into developmental needs, finding gaps in the market 
and publishing work on central website for the industry to access. 

o A cross-industry specialist working group meeting every six months. Working 
group topics include non-destructive assay, characterisation, clearance, and 
exemption.  
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Question 9: Are there lessons learnt from national funding programmes which 
support the development of innovative D&D technologies (success stories but also 
aspects to avoid)?  

• Regulatory bodies are conservative and want to see where else the new technology 
is adapted before it is used in the country. Having a mock-up of the technology 
could be useful (to test the theory and show its benefits). 

• In the United Kingdom, funds available for small startups are given by the 
government (5 to 10 years until it is brought to market). An example is Viridian, 
who have developed the ViridiScope® laser ablation sampler with in situ 
radiological and non-radiological measurement capacity (Viridian Consultants Ltd, 
n.d).  

 

Question 10: What technology/development would be seen as the most urgent/helpful 
innovation for D&D and would an international collaboration be able to make it 
happen/support it? 

• The minimisation of waste volume, optimisation, and decontamination/free release 
are aspects that would benefit from new technologies.  

• Standardisation (e.g of waste packages) and simplifying methods could benefit 
from new technologies, though this could be seen as a conflict with some businesses 
(e.g. waste package manufacturers). 

• Exploring more efficient and effective approaches to minimise the need for rework 
is essential, and the incorporation of digitisation is a possible solution, 
acknowledging the need to address security concerns. 
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7. Collection of key findings 

Several key messages emerged from the workshop. Participants discussed the need for a 
centralised repository of information on innovative technologies and techniques to 
facilitate sharing of information and collaboration across members countries and projects. 
International learning is seen as a key factor by members for driving innovation and sharing 
lessons learnt when implementing technologies in their own countries.  

Another key finding is the importance of innovative approaches and methodologies using 
existing technologies, which can lead to significant benefits such as lower costs and 
industry/regulatory acceptance on shorter timescales.  

Additionally, the importance of early interactions with regulators and communication of 
uncertainties with stakeholders was discussed.  

7.1. Sample collection, measurement, presentation and data analysis: Key 
findings 

• Gamma detection and imaging systems are key to support nuclear facility operation 
and decommissioning, including support for decommissioning planning and 
radiological protection, while reducing the number of, and time taken for, collection 
and analysis of samples (ANSTO CORIS360 and HIFAR). 

• AMS, readily used in non-nuclear settings, has been applied to the nuclear industry 
to characterise DTM radionuclides such as Ca-41, Cl-36, H-3, C-14 and Sr-90, in 
different matrices (e.g. Ca-41 in bioshield concrete). AMS has certain advantages 
over more traditional methods (including shorter measurement times), particularly 
if aided further by ILIAMS to remove interfering isobars, while eliminating the 
need for resource-intensive chemical separation. 

• Building/structural and environmental sampling and measurement of DTM 
radionuclides following nuclear power plant accidents – requiring modification to 
laboratory protocols – were discussed. Sample media included concrete rubble, 
water, secondary water treatment waste, vegetation, and soil. Radionuclides 
measured included: H-3, C-14, Cl-36, Ca-41, Ni-59, Se-79, Sr-90, Nb-94, Tc-99, 
I-129, Cs-137, Eu-152, Eu-154, U-233, U-234, U-235, U-236, U-238, Np-237, Pu-
238, Pu-239, Pu-240, Pu-242, Am-241, Am-243, and Cm-244. The focus was on 
Fukushima Daiichi Nuclear Power Plant. 

• Various examples of unmanned aerial vehicle (UAV) applications were outlined, 
including a survey of both accident and uranium mining/processing sites using 
drones. In addition, examples of manned helicopter flights with ground-truthing 
were given (e.g. the DUB-GEM project in Central Asia, the Fukushima drone 
project, and various NORM waste sites in Belgium).  

• The implementation of aerial measurements (helicopters) using gamma 
spectroscopy (NaI(Tl) collimated detectors) to perform radiation mapping 
following nuclear accidents (Chernobyl and Belgium sites) was explored. 

• Robotic equipment can be used to facilitate video and radiation surveillance, air 
sampling, concrete and FCM sampling, and collection and containerisation of 
radioactive materials under accident conditions (Chernobyl). 
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• Robotic equipment (rovers, wall crawlers, pipe crawlers, samplers) to facilitate 
video surveillance, ultrasound, thermal, LiDAR, gamma imaging, pipework 
inspection and concrete wall repair was discussed. Robotics were cold tested to 
overcome challenges with traversing weld seams, corroded surfaces, chemical 
residues and elevated temperatures (FIU work at Hanford, Savannah River Site and 
WIPP). 

• Data management (databases), analysis methods (statistical analysis/Bayesian 
methods/geospatial analysis/AI/deep learning), and visualisation can aid in 
communicating with stakeholders (Fukushima Daiichi Radwaste Analytical Data 
Library; remediation of CEZ). 

• Digital twins, combined with geospatial models in a CDE, leverage data from 
diverse external data sets (CAD drawings, BIM, GIS data) and can improve synergy 
between hydrogeological space and operating facility design data to optimise 
decommissioning.  

Example applications include:  

o buried piping characterisation, D&D surveys;  

o hydrogeological investigations;  

o subsurface characterisation;  

o robotic inspections and survey planning;  

o large reactor component removal;  

o demolition take-offs;  

o waste estimation, and; 

o  end-state modelling. 

• Geostatistical and other geospatial techniques are useful for CSM development; 
survey design optimisation; remediation planning and decision making; and 
demonstrating compliance with clearance or release criteria. Multivariate statistics 
allow leveraging of data from disparate sources (e.g. geophysical and radiological 
survey data from field surveys or laboratory measurements). Uncertainty 
quantification is useful to inform decision making.  

Several case studies were provided, including:  

o Fukushima;  

o a uranium enrichment facility in Cadarache, France;  

o a filter room in Marcoule, France, and;  

o the Fontenay-Aux-Roses site, France. 

7.2. Decontamination, remediation and decommissioning: Key findings 

• The dismantling of the reactor vessel and internals in both underwater and in-air 
scenarios was discussed (laser cutting aided by robotics). 

• Technologies to aid with the decontamination of building surfaces were presented 
(NitroCision™ technology). 

• D&D projects focused on soil characterisation, treatment and management systems 
were explored (SOLVERIS, DEMETERRES MOUSSE, FREMES). 
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7.3. Applications of innovative technologies and techniques 

Innovative technologies and techniques can be used in the following cases: 

• In decommissioning project planning (gamma imaging). 

• To ensure safety of workers (gamma imaging). 

• To support short- and long-term assessment of risk. 

• To reduce and mitigate project risks. 

• For challenging locations and terrains (UAV). 

• For waste characterisation, to support clearance or radioactive waste storage and 
disposal. 

• With respect to remedial planning and decision making. 

• To better understand contaminant flow and transport processes to inform 
conceptual site model development; to locate leaks, estimate water flux, and 
evaluate remedial performance; and to monitor groundwater/surface water 
exchange over large areas at relatively small cost (geophysical data). 

• To achieve characterisation objectives more efficiently compared to traditional 
methods. 

• To characterise sites following nuclear accidents, where extreme radiological 
conditions, confined spaces, unique waste streams, and other challenging aspects 
are present. 

• With the fusion of sensors and mobile platforms, coupled with digital twins, to 
facilitate automated change detection and provide for immersive inspection. 

• To reduce the number of measurements/characterisation times (gamma imaging 
systems using rotating masks and compressed imaging). 

• For faster measurement of DTM radionuclides at lower detection limits 
(AMS/ILIAMS). 

• To support clearance or release of land, buildings and materials. 

• To ensure waste acceptance criteria are met. 

7.4. Challenges of using innovative technologies and techniques 

The challenges include: 

• The sharing of information and knowledge transfer. 

• Difficulty in standardising and scaling up technologies to quality control and 
training requirements. 

• Vertical market segmentation and top-down technology strategies, which can lead 
to siloing (bottom-up approaches across multiple nations and users can lead to gains 
in efficiency). 

• Logistical, instrumentation, deployment, and site-specific factors (terrain, biotic 
activity, weather) for UAV applications. The lessons learnt are discussed in various 
presentations (DUB-GEM project). 
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• Early communication and acceptance by stakeholders. 

• The development of a regulatory framework to allow the use of innovative 
technologies.  

• The heavy R&D burden that is often required, with the capital investment needed 
to enable it. 

• The fact that industry and regulatory acceptance is often based on demonstration of 
prior successful implementation of an innovative technology or technique. This is 
especially prevalent in the nuclear sector due to the inherent safety requirements 
and conservative attitudes. 

• The long periods of time that can be required to conduct cold testing and to 
demonstrate TRL and safety aspects of innovative technology or technique. 

7.5. Observations of innovative technologies and techniques 

• Simple innovations, using established technologies and techniques, can lead to 
successful outcomes in shorter time frames and at reduced cost.  

• Innovative characterisation techniques and technologies can be useful in 
overcoming challenges associated with hostile environments, limited access, 
complex facilities, and limited historical knowledge. 

• In some cases, use of simpler, less precise, or less accurate technologies can lead 
to more efficient characterisation and play an important role in furthering overall 
decommissioning objectives (e.g. bulk monitoring). 

• Cold testing of remote and robotic equipment is important and should be performed 
in collaboration with the end user to improve development and deployment. 

• In situ measurements are an essential component of nuclear facility 
decommissioning; methods are constantly improving to address unique uses and 
constraints. 

• It is important to recognise that there is unlikely to be one universal solution to 
characterisation; the use of multiple methods can help build confidence and lead to 
better decision making. 

• Simple sensors with long battery life can be deployed to 1000s of containers, for 
example providing large volumes of data and re-assurance in areas where person-
access would be required. 

• New technology deployment programmes (e.g. state-funded) have slowed down 
compared to the past. Industry needs to re-energise new technology development. 

• National legislation and programmes are needed to drive innovation. 

• Demonstrations, field testing and documentation of results are important to 
identifying promising technologies, building defensible project baselines, and 
promoting cost-effective solutions. 

• Policy and regulatory changes are needed to make more optimal decisions and 
promote sustainable waste management decisions. 
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8. Conclusion  

8.1. Main outcome of the workshop 

This workshop was conducted with the aim of completing the following objectives:  

• To improve the understanding of new complex legacy site characterisation and 
decommissioning knowledge, technologies and techniques.  

• To better understand the challenges of successfully implementing these new 
techniques and technologies, including those relating to regulatory acceptance, 
guidance availability and additional research requirements.  

• To improve understanding with regards to the extent that risk assessments influence 
decommissioning activities such as characterisation, decontamination and remedial 
and final status survey decision making.  

• To identify good practices and methods for implementing these new technologies 
and techniques effectively. 

• To encourage recommendations from attendees for future WPTES Task Group and 
WPTES Expert Group work. 

There was a diverse and significant amount of information shared between the attending 
parties, covering a wide range of topics, with a focus on achieving the above objectives. 
Each session produced promising insights.  

8.1.1. Topical session 1: Innovative techniques and technologies for 
radiological and site characterisation 

This session consisted of several subtopics, each with a different focus, with a group of 
presentations for each. The first of these subtopics demonstrated the successful application 
of innovations including: the adoption and improvement of existing AMS technologies; 
successful experimentation with UAV-based characterisation support; the need for 
development of rapid tritium and C-14 detection systems; and contamination/waste 
characterisation at the Chernobyl and Fukushima Daiichi power stations.  

The second subtopic looked at a number of case studies, including: robotics and remote 
characterisation and decommissioning technology trials in the United States; French 
developments in characterising structures and buildings; Sellafield’s latest condition 
monitoring and assessment method advancements; and the successful implementation of a 
small but effective characterisation innovation in support of optimised waste sentencing, 
transport and metal treatment of redundant liquid effluent storage tanks at a UK defence 
site, using an internal assay position for portable HRGS rather than external. 

The third subtopic focused on modelling tools for D&D support, with presentations on 
geostatistics, remote sensing, 3D visualisation and AI/deep learning characterisation 
technologies; the use of GIS, CAD, BIM, CDE and digital twins to assist complex legacy 
site D&D programmes; the use of UAV sensors and AI mapping to improve safety 
assessment and remediation measuring work in the CEZ; and the challenges and trends 
experienced by those working in the field of autonomous and intelligent characterisation 
experimentation.  

The fourth subtopic provide a specialist view into subsurface soil and groundwater 
advancements, including: the use of geostatistics to optimise subsurface sampling and 
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survey decisions; the application of geostatistical techniques in order to facilitate 
decommissioning decisions; the latest non-invasive technology supporting geostatistical 
simulations; and the use of geospatial-based decisions to extend the regulatory principles 
of MARSSIM into the subsurface. 

The final of these subtopics included presentations on experience with MDA scan estimates 
for DRP; and the use of unmanned aerial and ground vehicles for aiding in radiological 
characterisation of contaminated land. 

8.1.2. Topical session 2: Innovative decontamination and decommissioning 
technologies and good practices for implementation of technologies 

Topical session 2 comprised two subtopics focused on the advancement in D&D support 
technologies.   

The first subtopic comprised an overview of the developments made in the United States. 
A general perspective was provided in terms of D&D techniques and technologies under 
development and in use, including:  

• Roboglove;  

• RadPiper;  

• field deployable characterisation (sampling and analysis) tools, such as Manuela 
and Nanopix;  

• DEMplus 3D modelling software for D&D planning/optimisation and 
deplant/dismantling simulation;  

• BIM technologies;  

• robotics/remote tooling.   

Following on from this, a specific case study was presented detailing an aggressive 
decontamination process (using NitroCision™ technology) for wall decontamination at a 
former fuel reprocessing cell at the West Valley Demonstration Project (WVDP). 

The second, and final, subtopic of the day saw seven presentations on a variety of 
innovations in D&D technology, including: laser cutting technologies for dismantling RVI; 
recent advancements in 3D modelling-influenced semi-automatic cutting machines; the 
latest soil decontamination and stabilisation technologies developed in France; the 
application of the FREMES technology for sorting, segregating and characterising large 
soil and rubble quantities automatically for optimising volumes of free release material, 
using case studies in Belgium and Russia; updates in policy, strategy and risk assessment 
methodology to ensure sustainable waste management in the United Kingdom; lessons 
learnt from characterising labs, hot cells and research reactors in Finland; and a UK 
perspective on the regulatory challenges and opportunities associated with implementing 
technological innovations. 

All the slides for these sessions are available to view under their relevant titles, which can 
be found linked in the relevant sections of these proceedings above; alternatively, all 
presentations can be found on the NEA WPTES Workshop SharePoint site (accessible only 
to members). 

All session chairs and presenters’ bios and information can be found in Appendix B of 
these proceedings. 
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8.2. Definition of next steps 
From the updates on innovative techniques and technologies for characterisation, 
decommissioning and decontamination which were presented at the workshop, a number 
of next steps and future activities were identified, as listed below.  

• Further improvements should be made to UAV applications (e.g. detectors, 
electronics, drones, efficiency calibration, photogrammetry) and benchmarking, 
and testing where possible.  

• There is a need for fast, reliable field technologies for the measurement of H-3 and 
C-14 in concrete (particularly for CANDU reactors). Some technologies relevant 
to CANDU characterisation which require further evaluation include:  

o electret (currently allows surface measurement only and is not radionuclide 
specific);  

o ViridiScope® (laser ablation, and counting of filter);  

o pyrolyser with LSC/MS (analysed in a mobile laboratory);  

o MAUD camera (surface autoradiography, for screening purposes only).  

• The development of an automatic measurement probe able to gather accurate real-
time data to identify and quantify pure beta- and/or alpha-emitting radionuclides 
can be improved.  

• There is interest in developing a new gamma detector that can be used at room 
temperature with optimal energy resolution. Additional attributes would include: 
linearity in response, fast pulse rise-fall time, nearly symmetric peaks, thermal 
stability, and radiation resistance.  

• There is interest in designing a portable, radiation-resistant instrument able to detect 
neutrons, independently of their incidence angles and energy distributions.  

• Developing a multifunctional, highly compact and fully autonomous radiation 
camera to identify radioactive sources emitting gammas, alphas or neutrons will be 
an area of interest and support in the near future. 

8.3.  Closing remarks 
The workshop Chair closed the event with thanks to all the attendees, presenters, and the 
organising Programme Committee for their efforts to make the first innovation workshop 
a success. 

The workshop has helped to prove how technology and techniques in every area of the 
industry are constantly evolving to overcome new challenges, and it is thanks to the help 
of all those involved in such events that future ground may be broken.  

WPTES is currently accepting new members who are passionate about driving forward 
progress and promoting innovation in the field of decommissioning. Participation in the 
WPTES provides members an opportunity to come together and work collaboratively 
towards a common goal, providing a forum for member countries to share ideas, technical 
insights and best practices, with the ambition to further develop innovative techniques and 
technologies that can better facilitate decommissioning planning and implementation while 
advancing overall risk reduction.  
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Appendix A. Session chairs key findings presentation material1 

This appendix lists the original presentation slides illustrating key findings from each 
session chair. 

 
 

 
1 Images/figures in a presentation where the source is not clearly indicated are owned by the 
presenter. 
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Subtopic 2.1: General session on innovative technologies and techniques 

 

Session Chair:   Thomas BRAUNROTH 

 

Presenters:  Thomas BRAUNROTH 

Mathew GUENETTE 

Maxim SAVELIEV 

Yoshikazu KOMA 

Petr SLADEK 

John KRASZNAI 

 

 

Overview 

Six presentations covering a broad range of topics 

• Innovative techniques developed and applied recently. 

• Adoption and improvements of an existing MS technologies for DTM 
radionuclides in the nuclear context. 

• Current efforts to find/develop a solution for an upcoming challenge related to the 
DTM radionuclides H-3 and C-14. 

• Recent and ongoing characterisation activities at Chornobyl Unit 4  
and Fukushima Daiichi. 
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Subtopic 2.2: Innovative techniques and technologies for radiological 
characterisation of buildings and structures 

 

Session Chair:   Andrew FAIRHURST 

 

Presenters:  Leo LAGOS 

Khalil AMGAROU 

Simon MALONE 

Alex JACKSON 

 

For more information, please see the presentations at the workshop website (all 
Presentations--Day 1). 

 

 

Overview 

Six diverse presentations on techniques, technologies and their application 

• Robotics and their application in characterisation and decommissioning 

• Radiological characterisation techniques and challenges 

• Condition monitoring and assessment techniques at Sellafield 

• Simple innovation on an established characterisation technology 
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KEY FINDINGS 

• A wider range of robotics are being developed that can deploy a range 
of characterisation techniques. These robotics are being developed to 
address a wide range of challenges such as access to confined spaces, 
high radiation fields, high temperature and challenging surfaces (e.g. 
corrosion).  

• The fusion of sensors and mobile platforms, along with digital twins can 
be used for automated change detection and immersive inspection. 

• Cold testing of robotics and the techniques they deploy is essential, 
utilising engagement with the end users and fully recognising customer 
needs. 

• When designing dismantling scenarios and approaches it is important to 
use a range for inputs including historical information, but it is also 
important to recognise the range of data quality. 

• Characterisation techniques can be challenged by a range of issues such 
as hostile environments, complex facilities, lack of historical 
information (general lack of information) and access challenges. 

• There are some promising developments in techniques, for example 
stereo gamma cameras and alpha cameras. 

• It is important to recognise that there is unlikely to be one universal 
solution and that techniques are continually developing. Gaining 
consistency using multiple technique can help build confidence. 

• In some circumstances there may be benefits from developing simpler 
solutions rapidly that can be easily deployed, even if they offer lower 
precision and accuracy. This may be necessary for bulk monitoring, safe 
and easy deployment or to progress decommissioning to shorter 
timescales. This may need a mindset change to recognise that lower 
precision / accuracy techniques may be the optimal ones to deploy. 

• Simple sensors with long battery life can be deployed to 1000s of 
containers, for example providing large volumes of data and re-
assurance in areas where person-access would be required. 

• Innovation can be costly, require lengthy R&D and be challenging to 
gain regulatory and industry acceptance. However, simple and 
defensible innovations, when applied to established characterisation 
techniques can achieve progress and improved characterisation at low 
cost and with limited R&D. Such simple innovations can help foster an 
innovation mindset and acceptance. 

 

\
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Subtopic 2.3: Innovative technologies/modelling/tools to support D&D 

 

Session Chair:   Emilio GARCÍA NERI 

 

Presenters:  Vanessa MONTOYA 

Matt DAROIS 

Sebastian BRIECHLE  

Norbert MOLITOR 

Matt MELLOR 

 

 

Overview 

Four diverse and comprehensive presentations on techniques, technologies and their 
application 

• Radiological characterisation aided by geostatistics, remote sensing, visualisation, 
and artificial intelligence/deep learning tools. 

• Monitoring and safety assessment for legacy sites to support remedial, 
decommissioning and material management decision making, and to reduce worker 
dose or waste generation. 

• Use of geographic information system and building information models in a 
common data environment to support decommissioning and remedial planning and 
decision making. 

• Challenges to future development, collaboration and use of innovative 
technologies. 

 



 NEA/DLM/R(2024)2 | 73 

WPTES WORKSHOP PROCEEDINGS 
  

 
 

  



74 | NEA/DLM/R(2024)2  

WPTES WORKSHOP PROCEEDINGS  
  

 

 
 
 
 
  



 NEA/DLM/R(2024)2 | 75 

WPTES WORKSHOP PROCEEDINGS 
  

 
 

  



76 | NEA/DLM/R(2024)2  

WPTES WORKSHOP PROCEEDINGS  
  

 
 
  



 NEA/DLM/R(2024)2 | 77 

WPTES WORKSHOP PROCEEDINGS 
  

KEY FINDINGS 

• A variety of tools have been used to characterise complex decommissioning and 
legacy sites and have demonstrated their utility in advancing more effective and 
efficient remedial and waste management decision making. 

• Tools fall in the categories of spatial models, visualisation and data analysis; 
radiation survey instrumentation and detection; artificial intelligence and machine 
learning; and remote sensing using a variety of delivery methods and platforms. 

• Innovative technologies for characterisation can assist with D&D and remedial 
planning; reduce worker dose; and reduce waste generation. 

• Technology development would benefit from collaboration across countries and 
clients using a bottom-up approach. 
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Subtopic 2.4: Innovative techniques and technologies for surveys of 
surface soils and groundwater 

 

Session Chair:   Sophie LUQUE 

 

Presenters:  Yvon DESNOYERS 

Pierre GOOVAERTS  

Frederick DAY-LEWIS 

Tim JOHNSON  

Robert STEWART 

 

Overview 

Four presentations on techniques, technologies and their application in: 

• Use of multivariate geostatistics for subsurface characterisation  

• Application of non-radiological contaminant geostatistical techniques to 
radiological subsurface characterisation 

• Use of geophysical data to help in subsurface characterisation 

• Use of geostatistics to extend MARSSIM principles into the subsurface 
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KEY FINDINGS  

Issue: 

Difficulty and costs of scanning exhaustively subsurface for compliance with clearance 
levels and impact assessment. 

Solutions:  

• Multivariate geostatistics (with uncertainty estimation integrated), in situ 
measurements with in-depth samples to estimate and represent data distributed in 
space or time with high confidence.  

• Geostatistics for non-radiological contaminants to be applied to radiological 
contaminants.   

• Geophysical data used to understand subsurface properties and help 
characterisation, monitoring and data collection over large areas.   

• Geostatistics to link the MARSSIM processes of historical, scoping, sampling, 
characterisation, remedial design, and compliance, to support traceable decision 
making.  

Advantages: 

Facilitate decision making, optimise sampling and analysis, reduce costs, accurate results 
with high confidence.  

Challenges: 

Better communication recommendations and education on both sides are needed to close 
the gap.  
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Subtopic 2.5: Innovative techniques and technologies for radiological 
and site characterisation of land 

 

Session Chair:   Petr SLADEK 

 

Presenters:  David KING 

Sven ALTFELDER  

 

 

Overview 

Two interesting presentations on novel techniques used to support characterisation 

• of discrete radioactive particles in decommissioning (survey design considerations 
and calculation of minimum detectable activities for various radionuclides); 

• of uranium mining and processing facilities using aerial based systems (drones). 

 
 



 NEA/DLM/R(2024)2 | 85 

WPTES WORKSHOP PROCEEDINGS 
  

 
 

  



86 | NEA/DLM/R(2024)2  

WPTES WORKSHOP PROCEEDINGS  
  

 

 

  



 NEA/DLM/R(2024)2 | 87 

WPTES WORKSHOP PROCEEDINGS 
  

KEY FINDINGS 

• Limited guidance is available on survey design considerations for discrete 
radioactive particles. 

• Scan minimum detectable activities can be calculated using the MCNP computer 
code; results with Microshield compare favourably against MCNP results and can 
also be used. 

• Coupled with information on risk-significant activities of DRP radionuclides, an 
assessment of the adequacy of various scanning methods can be made. 

• Slower scan speeds, lower detector-to-ground surface distances, and lower burial 
depths or cover depths generally lead to lower scan MDAs.  

• Future work with collimated detectors or more modern data collection systems are 
planned. 

• Lack of training, specialised equipment, and regulatory framework present 
challenges to successful remediation of radiologically impacted sites. 

• Unmanned aerial vehicle-based (UAV) systems can be useful in assessing average 
exposure rates over moderate scales, risk to human health, and provide useful 
engineered cover monitoring and maintenance information. 

• Drone survey parameters (e.g. survey speed, altitude, payload, and resolution) were 
assessed as part of the IAEA DUB-GEM project. 

• Key assumptions, limitations and challenges of the UAV systems were provided. 
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Subtopic 3.1: General session innovative technologies to support D&D 

 

Session Chair:   Arne LARSSON 

 

Presenters:  Lawrence E. BOING 

Bryan BOWER 

 

 

Overview 

Two diverse presentations on techniques, technologies and their application 

• Deployment of new technologies including how to test and demonstrate them 

• Overview of new evolving technologies 

• Example of how select and apply an aggressive de-activation technology 

• Presentation of the nitrogen based wall-scabbling concept 
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KEY FINDINGS 

• Programmes to introduce and test new technologies are needed. Co-
operation is beneficial. 

• The value of larger R&D programmes to test and evaluate new 
technologies 

• The importance of bringing the staff onboard in the project 

• Contractor and facility owner partnering is an enabler for success 
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Subtopic 5.1: Innovative technologies to support D&D 

 

Session Chair:   Vincent GORGUES 

 

Presenters:  Pierre DAGUIN 

Ioana DOYEN 

Rustan STOLKIN 

Maxime FOURNIER 

Felix LANGER 

Andrew FAIRHURST 

Anumija LESKINEN 

Paolo PICCA 

Overview 

Seven presentations on innovative technologies, innovative decision-making processes, 
and a reflection on how to incorporate and validate innovation from a regulator’s 
perspective  

• Innovation on cutting technologies (innovation in laser cutting: LD-Safe 
presentation by P. Daguin & I. Doyen; additional robotics and AI to help robotic 
cutting: Robotics presentation by R. Stolkin)  

• Soil characterisation, treatment and management (soil stabilisation and 
decontamination: Demeterres & Solveris presentation by M. Fournier; automatic 
characterisation presentation by F. Langer; decision making on-site management 
by A. Fairhurst) 

• Characterisation processes flowcharts and innovations: presentation by A. 
Leskinen 

• Implementation of innovative technologies from the regulator’s perspective: 
presentation by P. Picca 
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Topical session 1: Innovative techniques and technologies for 
radiological and site characterisation 

Subtopic 2.1: General session on innovative technologies and techniques 

Measurement of difficult-to-measure radionuclides in the nuclear environment 
and recent developments in accelerator-mass spectrometry 
Thomas BRAUNROTH 

Expert – Decommissioning  

Gesellschaft für Anlagen- und Reaktorsicherheit (GRS) 
GmbH – Germany 

Thomas Braunroth is an expert in the field of 
decommissioning and has been working for the non-profit 
organisation GRS (Germany) since 2019. The GRS carries out 
research in its fields of competence, e.g. reactor safety, waste 
management, radiological protection and decommissioning. 
His daily work focuses on regulatory and technical aspects 
related to the decommissioning of nuclear facilities in 

Germany. In addition, he is also working on questions with respect to the interim storage 
of spent nuclear fuel such as the non-destructive monitoring options for storage casks. 

He graduated in 2017 from the University of Cologne (Germany) with a doctoral degree in 
experimental physics for which he investigated with state-of-the-art gamma spectrometers 
nuclear level lifetimes in exotic nuclei. Before joining the GRS, he was a scientist at the 
National Metrology Institute of Germany (PTB) and worked on questions at the interface 
of hadron-therapy and nuclear physics. 

Innovative ANSTO gamma imaging technology to support HIFAR reactor 
decommissioning and OPAL operations 
 

Mathew GUENETTE 

Senior Physicist – ANSTO Detection and Imaging 

ANSTO – Australia 

Mathew Guenette is a senior physicist working in the ANSTO 
Detection and Imaging group. His main focus is on the 
research and development of novel gamma-ray imaging 
technologies and radiation detection for applications in the 
areas of decommissioning and decontamination, nuclear 
security and safeguards, and health physics. 

Previously he worked as a post-doctoral researcher at the 
ANSTO Institute of Materials Engineering on the topic of plasma-surface interactions of 
nuclear fusion materials and completed a PhD in physics at the University of Sydney 
between 2007-2011. 
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Mapping of complex radiation fields under extreme harsh conditions - Unit 4 of 
Chernobyl Nuclear Power Plant 
Maxim SAVELIEV 

Senior Researcher  

Institute for Safety Problems of Nuclear Power Plants, 
Ukraine National Academy of Science, Ukraine 

After graduation from Tomsk State University in 1995, 
Maxim started work at the Chernobyl Nuclear Power 
Plant as a Software Engineer. In this position Maxim was 
responsible for the safe operation of plant control 
computerised systems. Maxim has more than 25 years of 
experience in various international projects at the 
Chernobyl Zone, Chernobyl Nuclear Power Plant and the 

Shelter Object (Sarcophagus). From 2016 until 2019, he was a senior engineer in 
commissioning control systems for the New Safe Confinement. From 2020, Maxim has 
been working at the Institute for Safety Problems of Nuclear Power Plants of Ukraine 
National Academy of Science, where he performs scientific monitoring of data from 
destroyed Reactor No 4 of Chernobyl. At the Institute, he carries out research on robotics 
applications for the nuclear industry, digital twinning, and nuclear waste management. 

Innovative characterisation of waste at Fukushima Daiichi Nuclear Power 
Station: Experience and prospect 
Yoshikazu KOMA 

Division Head 

Radioactive Material Management Research Division, 
Japan Atomic Energy Agency – Japan  

Master and doctor of nuclear engineering in 1991 and 
2001, respectively, from Tohoku University, Japan. 

In 1991, Yoshikazu started to work on research and 
development of spent nuclear fuel reprocessing by solvent 
extraction and extraction chromatography aiming at 
trivalent actinides and lanthanide separation at Power 
Reactor and Nuclear Fuel Development Corporation, 

which was finally reorganised as Japan Atomic Energy Agency.  

Since the accident of Fukushima Daiichi Nuclear Nuclear Power Station, Yoshikazu has 
been engaged in waste management technologies, especially for characterisation of waste 
and contaminated materials.  
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Innovative techniques using UAV Technology to support characterisation at 
Fukushima 
Petr SLADEK 

Nuclear Instrumentation Specialist 

IAEA 

Petr Sladek has an academic background. He worked at the 
University of Defence (Czechia) in the CBRN area with a 
specialisation in Nuclear Instrumentation for more than 20 years. 
His teaching and research work was focused on nuclear 
instrumentation and analysis of radionuclides using spectroscopy 
techniques and radiochemical processes. As a head of the 
Radiological Department at CBRN Research Institute he led a 
team of experts, managed scientific projects, and trainings in 

CBRN. He worked with international teams and was actively engaged in preparation and 
performing assistance missions IRAQ, SFOR KFOR and ISAF.  

He was involved in many R&D projects focused on the development and application of 
nuclear instrumentation in areas of Laboratory Analyses and In-Situ Characterisation. As a 
nuclear instrumentation specialist at the IAEA NSIL Laboratory, he is responsible for the 
development and management of projects related to mobile and in situ techniques, 
including implementation of UAV systems for radiological mapping. 

Development of technologies for the rapid determination of tritium and C14 in 
decommissioning waste 
John KRASZNAI 

Technical Advisor/Project Manager 

CANDU Owners Group (COG) – Canada   

Graduated in Chemistry and Physics (1970 – Exeter, 
United Kingdom) PhD (1975 – McMaster University, 
Canada). 

John worked for 35 years in nuclear plant operations, 
process chemistry research and radioactive waste 
management before retiring in 2011. Since 2011, John has 
been working as a consultant to COG involved with 

chemistry materials and components research and development as a project manager and 
with COG’s Strategic Research and Development group as a technical advisor to the 
Technical Committee on Decommissioning and Long-Term Waste Management research 
and development needs. 
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Subtopic 2.2: Innovative techniques and technologies for radiological 
characterisation of buildings and structures 

Innovative technologies/Modelling/Tools to support D&D  
Leonel LAGOS 

Associate Professor – FIU College of Engineering and 
Director of Research, FIU Applied Research Centre 

Florida International University – United States 

Dr Lagos is an Associate Professor at FIU's Moss 
Department of Construction Management, a principal 
investigator (PI) and Director of Research at FIU's 
Applied Research Center. Dr Lagos supervises, 
executes, and directs sponsored research projects under 
Cooperative Agreements and research grants from the 
Department of Energy’s Office of Environmental 
Management (research area: environmental restoration, 

decommissioning, technology development, robotics, information technology, STEM 
workforce development), Department of Defense, other US DOE Offices National Science 
Foundation, and other US federal agencies.  

Dr Lagos has over 24 years of hands-on experience in executing, managing, and leading 
research programmes sponsored by federal agencies. He is also a certified Project 
Management Professional (PMP) and relies on his vast management skills to lead 
approximately 23 fulltime staff (scientists/engineers), over 50 STEM students 
(undergraduates and graduates), and 9 post-doctoral Fellows on an annual basis. Dr Lagos 
also serves as a member of the Roy G. Post Foundation Board of Trustees. Dr Lagos is a 
member of the Program Development Committee (PAC) at the Waste Management 
Symposia (WMS), Dr Lagos also is a member of the American Nuclear Society (ANS) and 
is has served as the Chair of the Executive Committee for the Robotics and Remotes System 
Division (RRSD). 
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Advances in radiological characterisation of buildings and structures 
Khalil AMGAROU 

Senior Expert 

CEA – France  

Dr Khalil Amgarou obtained his PhD in April 2002 from the 
Autonomous University of Barcelona (UAB). He then 
pursued his research activities, with a postdoctoral stay 
(2005-2007) in IRSN, contributing to different disciplines 
related to nuclear measurement, in its widest sense, and, 
particularly, in the field of theoretical and experimental 
characterisation of complex radiation fields. He was also 
providing technical expertise as an external consultant to 
several Spanish companies of different industrial sectors 
(automotive, metallurgy, medical, etc.) and he was in charge 
of many multidisciplinary R&D projects, as well as 

technology contracts and collaboration agreements of national or international scope. 
Before joining CEA on July 2015, he was appointed Senior Expert by AREVA assuming 
in the meantime the role of a Technology and Research Manager for more than three years. 
Mr Amgarou is author and co-author of more than 130 scientific publications, 56 of which 
were peer-reviewed in indexed journals. 

Examples of innovative CM&I (Condition Monitoring and Inspection) 
technologies under development at Sellafield Ltd  
Simon MALONE 

R&D Technical Lead 

Sellafield Ltd – United Kingdom 

Simon is a PhD level chemist with a significant background 
in spectroscopy. He joined Sellafield and the nuclear 
industry in 2015 initially in a Technical Assurance role 
before moving to various positions in R&D. He is currently 
working on mid to low TRL solutions for CM&I and 
measurement and analysis across all areas of the Sellafield 
Ltd site. 
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The benefits of applying innovative techniques to established characterisation 
technologies: a UK case study 
Alex JACKSON 

Principal Consultant/Technical Lead (Characterisation) 

Cyclife Groupe EDF – United Kingdom 

Dr Alex Jackson is a Principal Consultant and Technical 
Lead (Characterisation) at Cyclife Groupe EDF in the 
United Kingdom with over 12 years’ experience in 
radioactive waste management in the nuclear and NORM 
industries, both in the United Kingdom and 
internationally. After completing his PhD in isotope 
geochemistry, Alex began his career in radioactive waste 
management at Bradwell nuclear decommissioning site in 

the United Kingdom where he spent six years working in waste characterisation and 
radioactive waste management. Alex then moved into waste management consultancy, 
gaining experience on projects for a diverse portfolio of clients. 

Alex’s experience lies within nuclear decommissioning in the fields of radioactive waste 
management, characterisation, option assessments, activity/dose modelling, 
treatability/disposability assessments, consignment, and transportation. Alex is a technical 
specialist for Cyclife Group EDF in waste characterisation on projects involving large 
metallic component shipments to both UK and international waste treatment facilities. 

Subtopic 2.3: Innovative technologies/Modelling/Tools to support D&D 

Geo-statistical analysis and integration of soil hydro-geochemistry data with 
remote sensing information on radiological and site characterisation studies 
Vanessa MONTOYA 

Research project leader 

Belgian Nuclear Research Centre (SCK CEN) – Belgium  

Dr Vanessa Montoya joined the Engineered and Geosystems 
Analysis Unit and the Expert Group Waste & Disposal, of 
SCK CEN in April 2022. She is also guest scientist in UFZ 
(Helmholtz-Centre for Environmental Research) in Leipzig, 
Germany. She obtained her PhD in Chemistry at the 
Universitat Autònoma de Barcelona (UAB) in 2006. 
Afterward, she started to work in the Waste Management 

department of the Environmental consulting company Amphos 21, in Barcelona as 
consultant/project manager. From 2012 to April 2022, she worked as scientist at the 
Karlsruhe Institute of Technology – Institute of Nuclear Waste Disposal (KIT-INE) and 
UFZ.  

Along her professional career, her work has been mainly focused on co-ordinating and 
executing projects related to Nuclear Waste Disposal and radionuclide behaviour in the 
environment. Finally, she has complemented her scientific work as associated professor 
and teacher assistant at the Chemistry and Chemical Engineering departments of UAB and 
as a lecturer at KIT - Faculty of Civil Engineering, Geo and Environmental Sciences and 
the Center for Advanced Technological and Environmental Training (KIT-FTU). 
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The use of GIS, BIMs, and digital twins to assist with decommissioning to 
support characterisation and decommissioning of complex and legacy sites 
Matthew DAROIS 

Director of Environmental & Engineering 

Radiation Safety and Control Services (RSCS) – United 
States  

Matt has a B.S. in Environmental Science with a focus on Soil 
Science and Hydrogeology from the University of New 
Hampshire. He has over 20 years of experience in various 
roles at operating nuclear plants, decommissioning sites, 
radiopharmaceutical research facilities and public and private 
labs. In 2007 Matt joined the RSCS corporate staff in New 

Hampshire, his current role is Director of Environmental and Engineering supporting a 
broad range of environmental, radiological and engineering projects in the nuclear industry. 
Recently, Matt has been focused on supporting nuclear power facilities with licence 
renewal commitments, implementation of the Nuclear Energy Institute initiatives such as 
NEI 07-07 and NEI 09-14 buried pipe inspections, and nuclear decommissioning support 
at multiple sites across the United States and Canada. 

Matt is a Certified Ground Water Professional through the NGWA, a member of NEI and 
a professional member of the Geological Society of Maine, ASME and ANS. Matt is 
currently and Executive Committee member of the ANS DESD, and the ANS Standard 
Development Chair for ANS 2.32: Remediation of Radioactive Contamination in the 
Subsurface at nuclear power plants. 

Airborne sensoring and deep learning mapping methods for safety assessment 
and optimisation of remedial measures in the Chernobyl exclusion zone 
Sebastian BRIECHLE 

Professor – Department of Geoinformatics 

Munich University of Applied Sciences – Germany  

Sebastian Briechle studied geodesy and geoinformation at the 
Technical University of Munich (TUM), where he received his 
BSc (2011) and MSc (2014). From 2014 to 2017, he worked as a 
research engineer at the German Electron Synchrotron (DESY) in 
Hamburg, Germany. As part of his work, he developed a high-
precision, laser-based measurement system for the European X-ray 
Free-Electron Laser (XFEL) facility. From 2017-2021, he worked 

as a research assistant at the Faculty of Geoinformation at Munich University of Applied 
Sciences (MUAS). His research focused on developing and testing deep learning-based 
methods for segmenting and classifying objects from aerial images and 3D point clouds. 
He successfully completed his dissertation in August 2021 and has been a full professor at 
MUAS since January 2022. 
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Norbert MOLITOR  

Managing Director 

Plejades GmbH – Independent Experts – Germany  

- Engineering degree in 1985, PhD in 1988, since 1989 
major radiological protection and nuclear safety 
projects, typically as project manager, team leader or 
lead expert such as (examples): 

- Immediate hazard defence measures for the phase out 
and closure of the uranium industry of the former GDR 
1989-1991, (Germany). 

- A series of projects for preparation and 
implementation of the Chernobyl Nuclear Power Plant 

Unit 4 – Shelter Implementation Plan, 1996-2001 (Ukraine). 

- A series of projects in the context of the closure of units 1-4 of Kozloduy Nuclear Power 
Plant, 2003-2009 (Bulgaria). 

- Consultancy for the German Federal Government for international nuclear safety 
corporation projects, 2006-2012. 

- Projects for radioactive waste management Japan, 2006-2016 (Japan). 

- Projects in the context of Fukushima FDI accident, 2011-2013 (Japan). 

- Projects related to characterisation, assessment, and concepts for radioactive legacies in 
the Chernobyl exclusion zone and outside the exclusion zone, 2014-2021 (Ukraine). 

- Regulatory support for the Bulgarian National Regulatory Agency, 2019 to date 
(Bulgaria). 

Autonomous and Intelligent Characterisation: Trends and Challenges for SME 
Matt MELLOR 

CEO 

Createc – United Kingdom 

Matt has been leading applied research, technology 
development and commercialisation activities in the 
nuclear decommissioning industry since 2005. In 2010 he 
founded Createc as an applied emerging technology 
business specialising in novel applications of sensors, 
robotics and computing, including AI.  

At Createc, Matt has led a number of world-first projects, 
including the first commercially successful 3D radiation 

imaging system for nuclear and the first fully autonomous flying robot deployment 
(RISER). More recently, Matt’s technical interests in nuclear have moved towards 
enterprise-level integration of asset data, robotics and people to accelerate 
decommissioning. 
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Subtopic 2.4: Innovative techniques and technologies for surveys of surface soils 
and groundwater 

Geostatistics to help optimise subsurface sample design and support remedial 
and final status survey decision making on several case studies 
Yvon DESNOYERS 

Senior Geostatistician – Nuclear Sector  

Geovariances – France  

Yvon Desnoyers has 15 years of experience in 
consulting, mentoring and training as a geostatistician 
expert at Geovariances. His main proficiency fields are 
sampling optimisation and radiological characterisation 
of nuclear facilities and contaminated sites to drive 
decommissioning and dismantling, and remediation 
projects. In addition, Yvon is actively involved in 

numerous working groups and R&D projects (France, Europe and international 
organisations). 

Case studies on use of geostatistical techniques to facilitate decommissioning 
decision making 
Pierre GOOVAERTS 

Chief Scientist 

BioMedware, Inc. – United States  

After receiving his PhD in agricultural engineering from 
the Catholic University of Louvain-la-Neuve, Belgium, 
Pierre Goovaerts was a Fulbright scholar in the 
Department of Geological and Environmental Sciences 
at Stanford University, where he wrote the reference 
textbook “Geostatistics for Natural Resources 
Evaluation”. Following a few years on the Faculty at the 
University of Michigan, he became in 2002 chief 
scientist of the research and software development 
company Biomedware Inc., and created his own 

consulting company, PGeostat LLC. His current research includes the geostatistical 
analysis of scale-dependent correlations between exposure and health data, the modelling 
and propagation of uncertainty through space-time information systems, and the general 
use of stochastic simulation for environmental uncertainty assessment and decision 
making. Dr Goovaerts acted as expert witness on major environmental disasters, from the 
Deepwater Horizon Oil Spill to Flint drinking water crisis. He is also associate editor for 
the journal Mathematical Geosciences and a courtesy associate professor in the Soil and 
Water Science Department at the University of Florida. 
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Advances in non-invasive technologies for subsurface characterisation 
Timothy JOHNSON, Frederick DAY-LEWIS 

Senior Computational Scientist; Chief Geophysicist 

Pacific Northwest National Laboratory – United States  

Dr Timothy Johnson and Dr Fred Day-Lewis are 
scientists at Pacific Northwest National Laboratory, 
where they both work on application of geophysical 
methods to address diverse engineering, 
environmental and hydrologic problems. Dr Johnson 
specialises in time-lapse electrical imaging of dynamic 
processes and geophysical inversion using high 

performance computing. Dr Day-Lewis’ work focuses on using geophysical measurements 
to understand properties controlling flow and transport. Dr Johnson has a PhD from Boise 
State, is an associate editor of Groundwater, and received the Frischknecht Award from the 
Society of Exploration Geophysicists for research contributions in near surface geophysics. 
Dr Day-Lewis received his PhD from Stanford University, is a Fellow of the Geological 
Society of America, and is a past President of the Near Surface Geophysics Section of the 
American Geophysical Union.  

Data visualisation for survey design and spatial analysis tools to support 
subsurface decision making 
Robert STEWART 

Senior Scientist 

Oak Ridge National Laboratory – United States 

Robert Stewart is a senior scientist in the Geographic Data 
Sciences section at the Oak Ridge National Laboratory. His 
work has focused on spatial and spatiotemporal modelling 
with areas of application including uncertainty 
quantification, population dynamics, built environment 
characteristics, operational risk analytics, and various 
decision support systems. His work over the past 27 years 
has led to a many significant modelling and decision 

support capabilities deployed within the US federal government and contractor ecosystem. 
Robert is an editorial board member of Transactions in GIS and serves as joint faculty in 
the Bredesen Centre Data Science Program where he serves on graduate committees across 
multiple academic departments.  
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Subtopic 2.5: Innovative techniques and technologies for radiological and site 
characterisation of land 

Estimating Scan Minimum Detectable Activity for a Discrete Radioactive 
Particle 
David KING 

Sr. Health Physicist/Project Manager 

Oak Ridge Associated Universities – United States 

Sr. Health Physicist with the Professional Training Program 
with the Oak Ridge Associated Universities, focusing on 
radiological surveys and data analysis. Relevant duties 
include planning, executing, and reporting independent 
verification (IV) activities for the US Department of Energy 
(US DOE), US Nuclear Regulatory Commission (NRC), and 
US Army Corps of Engineers (USACE). Program manager 

in support of NRC’s Radium Program, which prepares historical site assessments; plans, 
performs, and executes scoping and IV surveys; and estimates potential (human health) 
doses from exposure to discrete sources of radium. A frequent speaker on topics such as 
lessons learnt and the Multi-Agency Radiation Survey and Site Investigation manual 
(MARSSIM). A published author on a wide range of health physics topics including 
nuclear terrorism (ISBN 1-930524-23-4), human health risk and dose assessment (Risk 
Analysis, Vol. 26, No. 1), minimum detectable concentrations (Operational Radiation 
Safety, Vol. 102, No. 2), et al. 

Use of unmanned ground or aerial vehicles for radiological characterisation – 
DUB-GEM Project 
Sven ALTFELDER 

Remediation Safety Specialist 

IAEA 

Master's degree in engineering geology and hydrogeology 
(1994). PhD in soil science (1999). From 2000 to 2010 worked 
for the German Federal Institute for Geosciences and Natural 
Resources (BGR) as a researcher focusing on water and 
transport modelling in soils and groundwater. Authored several 
peer-reviewed publications in soil physics, soil chemistry, 
stochastic modelling, and environmental remediation. In 2011, 
worked for the German Federal Ministry of Economics and 

Climate Protection (BMWK), co-ordinating matters between BGR and the supervising 
ministry. From 2012 to 2019, led a team of experts for the monitoring of remediation work 
on uranium mining legacies by the German state enterprise WISMUT GmbH. 
Collaboration in the acquisition and implementation of related international research 
projects including a project on UAV-based gamma spectrometry. Since 2020 working at 
the IAEA as Remediation Safety Specialist in the Nuclear Safety Division with a focus on 
the remediation of uranium mining legacies Central Asia. 
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Topical session 2: Innovative decontamination and decommissioning 
technologies and good practices for implementation of technologies 

Subtopic 3.1: General session innovative technologies to support D&D 

Advances in Decommissioning Technologies 
Lawrence Edward BOING 

D&D SME and Knowledge Mgmt/Facility 
Decommissioning TC Director/Senior Staff 

Argonne National Laboratory – United States 

Larry Boing has 43+ years of experience in the nuclear 
decommissioning (aka D&D) field and is a recognised D&D 
professional at the national and international levels. His 
work has been at many different levels over those years – at 
the site decommissioning project level, at the programme 
level and in various specialist areas – all supporting the 
D&D area. His work has been at a variety of numerous job 

sites – DOE sites, NRC sites and international sites and in nearly every aspect of this sector 
of the industry. Over the last 31+ years he has been supporting the nuclear 
decommissioning programme and remediation programme activities of several 
international groups, including the International Atomic Energy Agency (IAEA) among 
other activities serving as a lecturer at numerous training courses/workshops, as a 
contributor/editor of various technical reports and on expert technical missions. Since 1997 
he founded, has organised and has directed numerous decommissioning topical training 
courses and fellowship events – nationally and internationally – for numerous D&D staff 
and regulators. The breadth of his diverse international decommissioning activities include 
work with counterparts at IAEA as mentioned above but also with OECD/NEA, Eastern 
European countries including Romania and Latvia, and additionally Argentina, Canada, 
China, Iraq, Japan, Korea and Russia. Recently he has also been involved in various other 
facets of the “knowledge management” area as it relates to the decommissioning field, 
working with the partner of Oak Ridge Associated Universities in establishing a 
Decommissioning Certificate Program for those working in or wishing to work in the 
Nuclear D&D field. In 2021, Larry was presented the 2021 Robert Long Training 
Excellence Award by the American Nuclear Society/ETWD Division recognising his 
exceptional accomplishments and most recent achievements.  
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Decontamination of product purification cell (PPC) using liquid nitrogen 
scabbling at the West Valley Demonstration Project (WVDP) 
Bryan BOWER 

Director 

US DOE, West Valley Demonstration Project – United States 

Bryan C. Bower is the Director of the West Valley 
Demonstration Project in West Valley, New York. The West 
Valley Demonstration Project is a US Department of Energy 
(US DOE) managed clean-up of the only commercial nuclear 
fuel reprocessing facility operated in the United States. Prior to 
his appointment as the Director in July 2006, Bryan held a 

number of positions at the Project with increasing responsibilities. 

In his 31 years with the Department of Energy, Bryan has also worked at the DOE-
Headquarters and the Waste Isolation Pilot Plant near Carlsbad, New Mexico.   

Prior to his career in DOE, Bryan held several positions of increasing responsibility in the 
US Air Force.   

Bryan is a 1985 graduate of the Pennsylvania State University and has a B.S. in Nuclear 
Engineering. 

Subtopic 5.1: Innovative technologies to support D&D 

New Technology Development Report – EC H2020 Report from Laser 
Dismantling and Safety Assessment Consortium 
Pierre DAGUIN 

Project Manager 

ONET Technologies (DIS2D, Engineering business unit) – 
France  

Mr DAGUIN has worked at ONET TECHNOLOGIES in 
Pierrelatte (France) since December 2017.  

He is an electrical engineer and graduated from ESIGELEC 
(engineer school). 

In the past, he worked in the design office of Rolls-Royce 
Civil Nuclear I&C (Instrumentation and Control). As part of service activities, he co-
ordinated and processed technical subjects on Rolls-Royce equipment’s (sustainability of 
components, manufacture of spare parts and I&C systems upgrade). 

At ONET TECHNOLOGIES, he was at first responsible for the "Qualification" of 
classified I&C equipment installed on the RJH (CEA Cadarache) Unloading Loading 
Machine (mainly laboratory trials: EMC, humidity, vibrations, seismic, irradiation tests, 
etc.). 

Since 2020, he has been working as Project Manager on several projects relating to laser 
cutting technology (R&D projects, feasibility studies, industrialisation of in-air and 
underwater laser system, and development of laser facilities). He is currently in charge of 
the operational management of the LD-SAFE project (n° 945255). 
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Ioana DOYEN  

Researcher  

CEA – France  

Ioana DOYEN, PhD in physics from University Joseph Fourier, 
Grenoble in 2008. She spent 2 years at Langevin Institut 
(ESPCI-PARIS) where she developed a Near Field Scanning 
Optical Microscope working at low temperatures for the 
characterisation of nano-devices. From 2010 to 2012, she was 
in charge of the design and development of laser diagnostics for 
10 PetaW Apollon Facility at Ecole Polytechnique. 

From 2012 to 2017, she worked at Institut d’Optique/CNRS (French National Research 
Center) and was in charge of the design of experiments and the development of specific 
instrumentations in the field of optics. She was also responsible of the technological 
transfer from Institut d’Optique to industry. 

In 2017, she joined CEA to lead R&D studies and projects in the field of laser processes 
for remote operations and dismantling of nuclear facilities, and in scientific instrumenting 
of welding and dismantling operations.  

As part of the LD-SAFE project, she is currently in charge of the Work Package 2 
(laboratory trials and calculations). 

Autonomous decontamination technology  
Rustam STOLKIN 

Chair of Robotics 

University of Birmingham – United Kingdom 

Rustam Stolkin received an MEng degree in engineering 
science from the University of Oxford, United Kingdom, 
in 1998, and a PhD in robot vision from University 
College London, United Kingdom, in 2004. He worked 
at Stevens Institute of Technology, United States, 2004-

2008, before returning to the United Kingdom to focus on robotics at University of 
Birmingham. At Birmingham, he founded the Extreme Robotics Lab, now one of United 
Kingdom’s largest and best equipped robotics research facilities, with a focus on applied 
robotics problems in nuclear and other hazardous environments. 

From 2014-2018 he led the European Commission’s EUR 7 million H2020 RoManS 
project (Robotic Manipulation for Nuclear Waste Sorting and Segregation), collaborating 
with French and UK nuclear agencies CEA and NNL. From 2017-2022 he was Royal 
Society Industry Fellow, part embedded in UK National Nuclear Lab Ltd. During this time, 
he also founded the UK National Centre for Nuclear Robotics, a GBP 42 million initiative 
co-funded by UK Research and Innovation, industry, eight core universities and other 
partners. NCNR generated over 400 peer-reviewed research papers in 4.5 years, as well as 
numerous landmark robot deployments on nuclear sites in the United Kingdom and 
internationally. 

In 2019, the NEA approached Prof. Stolkin to help them establish an international Expert 
Group on Robotic and Remote Systems (EGRRS), which he has chaired since its inaugural 
meeting in late 2019. 
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Innovative technologies for soil decontamination  
Maxime FOURNIER 

R&D Project Manager  

CEA – France  

Maxime Fournier is R&D project manager for D&D at CEA. 
He is in charge of R&D for treatment-conditioning of 
radioactive waste and decontamination projects for the CEA 
or French or foreign customers. Holder of a PhD, he worked 
for 5 years as an engineer-researcher in the field of 

vitrification and is the co-author of more than 20 scientific publications. 

Automatic characterisation and sorting of large quantities of soil and rubble 
Felix LANGER 

Project Manager 

NUKEM Technologies Engineering Services GmbH – 
Germany  

Mr Langer is a graduate of the Technical University of 
Dresden, Germany, in Nuclear Power Engineering. 

With NUKEM, he worked 6 years as an engineer in the 
field of radiation monitoring systems. During this time all 
tasks in the cycle of Engineering-Procurement-
Commissioning were performed together with his team. 
Exemplary projects are the Industrial Complex for Solid 

Radioactive Waste (ICSRM) on Chernobyl site or the development of characterisation 
technologies for bulk materials. 

Afterwards, he switched to Project Management. Here he focusses on realisation of projects 
where the central part is either radiation monitoring or waste treatment. Projects were 
completed in e.g. Belgium, Germany, France, Ukraine, Russia and China. 

Focus is the automation of measurement processes to increase throughput, reduce human 
error while keeping measurements reliable. The result is the Free-RElease-MEasurement 
System FREMES.  
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Policy, strategy and risk assessment methods for sustainable waste management 
during nuclear site regeneration 
Andrew FAIRHURST 

Environment Manager 

Nuclear Decommissioning Authority (NDA) – United Kingdom  

Andrew Fairhurst is an Environment Manager for the Nuclear 
Decommissioning Authority (NDA) where he supports a wide 
range of areas addressing short- and long-term environmental 
performance and improvement across the NDA group of 
businesses which includes Sellafield Ltd, Magnox Ltd, Nuclear 
Waste Services, Dounreay Site Restoration Ltd and Nuclear 

Transport Services. Current focus is on natural capital, water management, group 
environmental assurance and site restoration end states. 

He has a degree in Chemistry with Analytical Chemistry and a PhD in Environmental 
Radiochemistry related to radionuclide migration in groundwaters associated with colloids.  

He has 30 years’ experience working in and around the UK nuclear industry starting at 
Sellafield and then Springfields fuel manufacturing site undertaking a range of 
environmental roles including research and development associated with ground 
characterisation and pollutant transport, plant environmental safety case process 
development, pollution prevention and permitting. Subsequently, he has 15 years as a 
Nuclear Regulator and Team Leader at the Environment Agency, regulating a range of 
nuclear sites, but with a focus on low and very low-level waste disposal, low-level waste 
strategy, permitting, nuclear new build regulation and the implementation of processes for 
the release of sites from regulation at end of life. 

Characterisation lessons learnt from Finland 
Anumaija LESKINEN 

Senior Scientist 

Technical Research Centre of Finland (VTT) – Finland  

Dr Leskinen is currently working on VTT’s decommissioning 
projects (i.e. FiR1 research reactor and associated hot cell 
facilities) including planning, waste categorisation, waste 
characterisation, site release and radiation safety. Dr Leskinen 
has also almost 10 years of international professional 
experience i.e. PhD studies in Loughborough University 
(United Kingdom), method development on localisation and 
quantification of pure beta emitters in facilities under 

decommissioning at Saclay site of CEA (FR) and technical assistance to EU CBRN Centre 
of Excellence Initiative and training in the EUSECTRA (European Union Nuclear Security 
Centre) training centre at Joint Research Centre Karlsruhe (DE).  
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Regulatory challenges associated with implementation of innovative 
technologies 
Paolo PICCA 

Lead on robotics and autonomous systems/Principal nuclear 
safety inspector 

Office for Nuclear Regulation (ONR) – United Kingdom  

After his MEng (nuclear engineering) and PhD (reactor 
physics), Paolo started working in the nuclear industry, firstly 
in France (EPR, Flamanville) and then in the Slovak Republic 
(VVER 440, Mochovce 3&4). In 2015 he joined the UK 
nuclear regulator (ONR) as a control and instrumentation 

inspector, with a second specialism in probabilistic safety assessment. 

Paolo currently leads the engagement with Sellafield Limited and National Nuclear 
Laboratory on the safe and secure use of robotics and autonomous systems. As part of this 
activity, Paolo co-ordinates the ONR engagement with a cross discipline team, working on 
blockers/enabler for innovative solutions. 

He recently chaired the development of a new IAEA guidance document Challenges and 
approaches for selecting, assessing and qualifying commercial industrial digital 
instrumentation and control equipment for use in nuclear power plant applications; Paolo 
was also appointed as the UK representative in other international working groups (IAEA 
NSNI-18-23 and NEA DIGMAP, reports in final editorial review; NEA DIGMORE, due 
to be started in 2022). 

Over the last decade, Paolo has also co-operated with the University of Arizona 
(Department of Systems & Industrial Engineering), working on projects related to 
modelling and artificial intelligence. He published 22 articles in peer-reviewed journals and 
around 40 papers in conference proceedings. 
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