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Executive Summary 

This report provides a broad overview of approaches of the participating countries to RW classification 

and categorization, as well as analysis challenging waste streams specific to each country.  

The compilation and analysis provided herein is based on the analysis of responses to the ROUTES 

questionnaire, developed by ROUTES WP Board (task leaders and co-task leaders). This questionnaire 

was sent to all EURAD participants. It should be reminded that one of the ROUTES objective is to 

highlight common R&D needs for a better management of challenging wastes. Therefore, EURAD 

participants were not obliged to answer this questionnaire if they did not identify any difficulty that might 

need some future R&D programmes. Instead, EURAD participants were invited to respond if they saw 

an interest in sharing particular experiences that could lead to common research programmes in the 

future. In this context, 21 countries decided to provide answers to the Questionnaire regarding their 

approaches to RW classification and characterization and the challenging waste they have identified. 

Organisations from the same country who are participating in ROUTES were asked to collaborate to 

produce a single national response to this questionnaire. An exchange meeting took place in March 

2020 in Athens. After that additional reviews and updates of the answers from some countries in the 

questionnaire were done. The results and outputs of this work are compiled in this report. 

The report contains a summary of IAEA approaches to radioactive waste classification and 

characterization, analysis of responses to the questionnaire with regard to classification and 

characterization, and a summary of challenging waste from each country with reasons for why this waste 

is challenging. There is also provided information on available, constructed and planned disposal 

facilities in participating countries. 

The report analyses the distinctions between classification and characterization, basing on IAEA 

approaches. In particular, categorization is defined by IAEA as ña method for grouping individual or 

combined waste streams based on the wasteôs point of origin, physical state, type, properties, and 

process options. At the same time, IAEA approach to classification is based primarily on considerations 

of long term safety, and thus, by implication, disposal of the waste. 

According to the responses obtained, there is no completely unified approach for RW classification in 

the participating countries. Various countries apply different types of RW classification, and sometimes 

several types of classification are used simultaneously in the same country. The IAEA GSG-1 approach 

to classification is somehow applied in the vast majority of participating countries. It should be mentioned 

that the classes ñlow level wasteò and ñintermediate level wasteò do not always have the same meaning 

as in IAEA GSG-1, i.e. future disposal in near-surface disposal facilities and disposal facilities at 

intermediate depth, respectively. In many participating countries, low and intermediate level waste are 

combined as one class (LILW), which, in turn, is often subdivided into short-lived and long-lived RW. 

Generally, short-lived LILW could be associated with LLW within the meaning of IAEA GSG-1, whereas 

long-lived LILW could be associated with ILW within the meaning of IAEA GSG-1. However, such an 

interpretation is correct only in case that division of LILW into short-lived and long-lived is explicitly linked 

to the disposal route of this waste. This issue has not been clarified in many responses to the 

questionnaire. 

Regarding categorization, less information is available from the responses to the questionnaire. At the 

ROUTES WP meeting in Athens, it was mentioned by many participants that different countries have a 

different understanding of RW categorization. The most comprehensive approach was presented by 

Belgium, which divides RW into unconditioned and conditioned, and then into respective subcategories. 

This approach could serve as an example of good practice for other participating countries and it is 

particularly detailed within this report.  

Regarding challenging waste, the preliminary analysis made in this report on the nature and the reasons 

why some wastes are considered to be challenging, country by country, will be helpful for starting the 

further work in subtask 2.2. 
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In conclusion, this report sets the scene detailing what is at stake within each Member State, whether in terms of 

RW categorisation, characterisation and management of challenging wastes. All these elements will feed into 

ROUTES subtask 2.2, which will further detail the different approaches implemented to manage challenging 

wastes, as well as the potential needs to improve the management routes. 
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1. Introduction 

Waste management routes in Europe from cradle to grave (ROUTES) work package (WP) is one of the 

two Strategic Studies WPs of the EURAD programme. The objectives of ROUTES are to:  

¶ Provide an opportunity to share experience and knowledge on waste management routes 

between interested organisations (from different countries, with programmes at different stages 

of development, with different amounts and types of radioactive waste to manage).  

¶ Identify safety-relevant issues and their R&D needs associated with the waste management 

routes (cradle to grave), including the management routes of legacy and historical waste, 

considering interdependencies between the routes. 

¶ Describe and compare the different approaches to characterisation, treatment and conditioning 

and to long-term waste management routes, and identify opportunities for collaboration between 

Member States (MS). 

The ROUTES WP is divided in seven tasks, with Task 1 being devoted to the Work Package 

management and coordination. There are 5 tasks (Task 2 to Task 6) which address the different 

technical topics of RWM from the generation to final disposal: 

¶ Task 2: Identify challenging waste streams  

¶ Task 3: Describe/compare characterisation approaches  

¶ Task 4: Identify WAC used in MS 

¶ Task 5: Solutions for small amounts of wastes 

¶ Task 6: Shared solutions for MS 

¶ Task 7 is devoted to interaction with Civil Society 

The objectives of Task 2 are: 

¶ To identify challenging wastes and related difficult issues to be collaboratively tackled within the 

Joint Programme, 

¶ To map and share understanding at EU level of the practical issues on waste management 

routes, taking into account specific issues relating to challenging wastes and small inventory 

programmes. 

ANDRA from France (Virginie Wasselin) and SSTC NRS from Ukraine (Oleksii Tokarevskyi) coordinate 

task 2. It will last from Month 1 of EURAD (June 2019) to Month 48 (May 2023). The activities are divided 

in two subtasks: 

¶ Subtask 2.1 ï Collection and analysis of existing work on categorization and classification of 

radioactive waste with regard to disposal options, identification of waste for which there is not 

yet a complete management plan in each Member State, and identification of waste 

management routes for pre-disposal steps. (Month 1 (June 2019) - Month 24 (May 2021)). The 

overview of existing work on categorization/classification of RWs in participating states is 

compiled in the present deliverable 9.4. 

¶ Subtask 2.2 - Understanding at EU level of the practical issues on RWM routes for challenging 

waste. (Month 13 (July 2020) - Month 48 (May 2023)). The results and outputs of Task 2.2 will 

be compiled in a final reports D9.5 and D9.6.  
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2. Work methodology  

The objectives of subtask 2.1 are to:   

¶ Provide an up-to-date overview on radioactive waste categorization / classification based on 

contributions from the participants (collection and synthesis of answers to a questionnaire).  

¶ Share experience and knowledge on pre-disposal steps, describe and compare the different 

approaches, define R&D needs and identify opportunities of collaboration.  

¶ Describe particular problems to be solved for challenging wastes, relating to their pre-disposal 

steps and in view of their disposal.  

¶ Establish an accurate and consistent list of challenging wastes in terms of their categorization 

as well as their management route. 

To this end, the ROUTES WP Board (Task leaders and co-task leaders) developed a questionnaire. 

Responses to this questionnaire constitute a key input to the tasks of ROUTES WP. These responses 

have also feed discussions during the ROUTES workshops. This questionnaire is organised in six topics 

covering the activities addressed in the different tasks:  

¶ General information  

¶ Waste acceptance criteria  

¶ Inventory of challenging waste and management routes  

¶ Characterization  

¶ Management strategy and R&D programmes  

¶ Shared solutions for waste management  

The questions, answers to which were mainly used for preparation of this report, are the following: 

¶ Q1 - National waste classification/categorisation scheme  

o Do you have a classification/categorisation scheme for radioactive waste in your 
country? If so, could you provide it? 

¶ Q2 - Waste Inventory 

o Do you have a national inventory of the waste? If so, is it available? Is it public?  

o Does the national inventory consider the future occurrence of radioactive waste? If so, 
which time span does this estimation cover? 

o Does the national inventory include waste resulting from decommissioning of nuclear 
installations? 

¶ Q3- About disposal facilities 

o Is there any disposal facility already in operation in your country? If so, please provide 
information about the type of disposal (surface, near surface..) and the waste disposed 
(type, volume)  

o Do you have any other planned disposal facility? If so, provide the kind (near surface, 
deep geologicalé) of disposal and their link with the classification scheme. 
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¶ Q11- Challenging waste 

o Please specify which waste from the list (e.g., sludge, organic waste, ion exchange 
resin, bituminized waste, graphite waste, uranium/radium/thorium bearing waste, 
decommissioning waste, particular spent fuel, disused radioactive sealed sources, 
waste containing reactive, waste containing chemotoxic material) is present in your 
country and provide, if available, information about it ; 

¶ Q12 - Reasons for considering challenging waste 

o Which are the reasons why those wastes are considered as challenging? 

¶ Q13 - Challenging waste and Uncertainties 

o Which are the uncertainties associated with the waste stream?  

Answers to these questions give the possibility to clarify the current situation with RW classification and 

characterization. A baseline of work presenting the classification and categorisation scheme for each 

participating country was conducted with the specific objective of offering the opportunity to Beneficiaries 

to identify and be aware of commonalities and differences as a basis for the future work. This has proved 

crucial in the analysis of the inventory of challenging waste.  

Nevertheless, ROUTES WP is not intended to replace National Policies and programmes and initiatives 

of the different Agencies (EC, IAEA, NEA) devoted to the development of methodologies that would 

ensure consistency of inventories data. The ROUTES questionnaire was sent to all EURAD participants. 

As one of the ROUTES objective is to highlight common R&D needs for a better management of 

challenging wastes, EURAD participants were not obliged to answer this questionnaire if they did not 

identify any difficulty that might need some future R&D programmes. Instead, EURAD participants were 

invited to respond if they saw an interest in sharing particular experiences that could lead to common 

research programmes in the future. In this context twenty-one countries through their mandated actors 

in EURAD have provided answers to the questionnaire regarding their approaches to RW classification 

and characterization and the challenging waste they have identified. Organisations from the same 

country who are participating in ROUTES wereasked to collaborate to produce a single national 

response to this questionnaire. 

An exchange meeting took place in March in Athens. The results and outputs of Task 2.1 are compiled 

in this report D9.4. 

The aim of this report is to compile the information gathered through the analysis of the answers to the 

questionnaire, and the work done during the exchange meeting. This report also gives due consideration 

that some countries have refined and updated relevant information from the questionnaire. This updated 

information regarding classification, categorization and challenging waste is also addressed in the 

report.  

The report also contains an overview of IAEA approaches to radioactive waste classification and 

categorization, as well as application of these approaches to analysis of the responses to the 

questionnaire.   
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3. Brief overview of IAEA approaches to categorization and 
classification of RW 

3.1 IAEA approach to classification 

Issues of radioactive waste (RW) classification are addressed in the IAEA document "Classification of 

Radioactive Waste. General Safety Guide No. GSG-1" (GSG-1). The objective of this Safety Guide is 

to set out a general scheme for classifying radioactive waste that is based primarily on considerations 

of long term safety, and thus, by implication, disposal of the waste. 

The GSG-1 Safety Guide ñprovides guidance on the classification of the whole range of radioactive 

waste: from spent nuclear fuel, when it is considered radioactive waste, to waste having such low levels 

of activity concentration that it is not required to be managed or regulated as radioactive waste. This 

Safety Guide covers disused sealed sources, when they are considered waste, and waste containing 

radionuclides of natural origin. The recommendations in [the GSG] Safety Guide are applicable to waste 

arising from all origins, including waste arising from facilities and activities, waste arising from existing 

situations and waste that may arise from accidentsò. 

The Safety Guide identifies the conceptual boundaries between different classes of waste and provides 

guidance on their definition on the basis of long term safety considerations. 

Various schemes have evolved for classifying radioactive waste according to the physical, chemical and 

radiological properties that are of relevance to particular facilities or circumstances in which radioactive 

waste is managed. The classification systems for radioactive waste in use across the European Union 

varies widely in approach and application. Member States generally follow approaches and methods 

with a level of detail and complexity adapted to the country challenges. Inventories are generally the 

results of regular data collection from radioactive waste producers and schemes for the classification of 

radioactive waste may be developed on different basis and for purposes. Some are used purely for 

communication purposes, while others are dictated by the operational or long-term safety the disposal 

route, the availability of management or disposal facilities or the source of generation of the waste.  

These schemes have, indeed, led to a variety of terminologies, which may differ from country to country 

and even between facilities in the same country. In some instances, this has given rise to difficulties in 

establishing consistent and coherent national waste management policies and implementing strategies, 

and can lead to less than optimal levels of safety. It also makes communication on waste management 

practices difficult nationally and internationally, particularly in the context of the Joint Convention on the 

Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management (Joint 

Convention). Comparison of data published in the scientific literature is not straightforward, and 

difficulties can arise in trying to understand waste management programmes and practices both within 

and between states.  

In the (GSG-1), consideration is given ñprimarily to the long-term safety of waste management, since 

this is overriding in most cases involving its extended storage and disposal. It is reasonable to use 

disposal as a basis for a classification scheme in order to maintain compatibility and coherence through 

the different stages of waste management. This approach does not preclude the consideration of other 

aspects, such as occupational safety, that are pertinent in operational waste management.  

A clear distinction has to be made between a classification scheme and a set of regulatory limits. The 

purpose of classification is to ensure that waste is managed in a safe and economic manner within the 

framework of a national strategy and to facilitate communication, while the purpose of regulatory 

limitation is to ensure the safety of each licensed facility and activity. While a waste classification scheme 

may be useful for generic safety considerations, it is not a substitute for specific safety assessments 

performed for an actual facility and involving good characterization of radioactive waste. 

Classification of radioactive waste may be helpful in planning a disposal facility and at any stage 

between the generation of raw waste and its disposal.   
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It will help:  

ð At the conceptual level:  

Å In devising waste management strategies;  

Å In planning and designing waste management facilities;  

Å In assigning radioactive waste to a particular conditioning technique or disposal facility.  

ð At the legal and regulatory level:  

Å In the development of legislation;  

Å In the establishment of regulatory requirements and criteria.  

ð At the operational level:  

Å By defining operational activities and in organizing the work to be undertaken with the waste;  

Å By providing a broad indication of the potential hazards associated with the various types of 

radioactive waste;  

Å By facilitating record keeping.  

ð For communication:  

Å By providing terms or acronyms that are widely understood in order to improve communication 

among all parties with an interest in radioactive waste management, including generators and 

managers of radioactive waste, regulators and the public. 

To satisfy all these purposes, an ideal radioactive waste classification scheme should meet a number 

of objectives, namely:  

¶ Cover the full range of radioactive waste types;  

¶ Be of use at all steps of radioactive waste management and be able to address the 

interdependences between them;  

¶ Relate radioactive waste classes to the associated potential hazards for both present and future 

generations;  

¶ Be sufficiently flexible to serve specific needs;  

¶ Be straightforward and easy to understand;  

¶ Be accepted as a common basis for characterizing waste by all parties, including regulators, 

operators and other interested parties;  

¶  Be as widely applicable as possible.  

It is clearly not possible to develop a unique classification scheme satisfying fully all these objectives 

simultaneously. For instance, a classification scheme cannot at the same time be universally applicable 

and still reflect the finer details of all the steps of radioactive waste management. Compromise will be 

needed to ensure simplicity, flexibility and broad applicability of the scheme.  

In developing a classification scheme:  

ð The definition of waste classes should be developed on a sound technical basis, should be clear and 

should be easily understandable;  

ð The general nature and applicability of the classification scheme should be clearly understandable;  

ð The number of classes should be such as to achieve a balance between the desired differentiation 

among waste types and the ease of handling of the classification scheme.   
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Six classes of waste are derived and used as the basis for the IAEA classification scheme (Fig.1):  

(1) Exempt waste (EW): Waste that meets the criteria for clearance, exemption or exclusion from 

regulatory control for radiation protection purposes.  

(2) Very short lived waste (VSLW): Waste that can be stored for decay over a limited period of up to a 

few years and subsequently cleared from regulatory control according to arrangements approved by the 

regulatory body, for uncontrolled disposal, use or discharge. This class includes waste containing 

primarily radionuclides with very short half-lives often used for research and medical purposes.  

(3) Very low level waste (VLLW): Waste that does not necessarily meet the criteria of EW, but that does 

not need a high level of containment and isolation and, therefore, is suitable for disposal in near surface 

landfill type facilities with limited regulatory control. Such landfill type facilities may also contain other 

hazardous waste. Typical waste in this class includes soil and rubble with low levels of activity 

concentration. Concentrations of longer lived radionuclides in VLLW are generally very limited.  

(4) Low level waste (LLW): Waste that is above clearance levels, but with limited amounts of long lived 

radionuclides. Such waste requires robust isolation and containment for periods of up to a few hundred 

years and is suitable for disposal in engineered near surface facilities. This class covers a very broad 

range of waste. LLW may include short lived radionuclides at higher levels of activity concentration, and 

also long lived radionuclides, but only at relatively low levels of activity concentration.   

(5) Intermediate level waste (ILW): Waste that, because of its content, particularly of long lived 

radionuclides, requires a greater degree of containment and isolation than that provided by near surface 

disposal. However, ILW needs no provision, or only limited provision, for heat dissipation during its 

storage and disposal. ILW may contain long lived radionuclides, in particular, alpha emitting 

radionuclides that will not decay to a level of activity concentration acceptable for near surface disposal 

during the time for which institutional controls can be relied upon. Therefore, waste in this class requires 

disposal at greater depths, of the order of tens of metres to a few hundred metres.  

(6) High level waste (HLW): Waste with levels of activity concentration high enough to generate 

significant quantities of heat by the radioactive decay process or waste with large amounts of long lived 

radionuclides that need to be considered in the design of a disposal facility for such waste. Disposal in 

deep, stable geological formations usually several hundred metres or more below the surface is the 

generally recognized option for disposal of HLW.  

Quantitative values of allowable activity content for each significant radionuclide will be specified on the 

basis of safety assessments for individual disposal sites (which is outside the scope of (GSG-1). 
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Figure 1 : Conceptual illustration of the IAEA waste classification scheme 

3.2 IAEA approach to categorization (IAEA TECDOC 1538) 

According to IAEA document "IAEA-TECDOC-1538. Categorizing Radioactive Waste" (TECDOC 1538), 

ñclassifying wastes based solely on radioactivity concentrations and species content is plausible; 

however it has been proven that this approach is not viable for all waste types during every phase of the 

waste management process. In contrast, ñcategorizationò of waste so as to include such factors as 

origin, physical state, type of waste, properties, and process options provides the basis for an improved, 

consistent approachò.  

(TECDOC-1538) provides a simple categorization approach, which is based on the two primary 

operational waste categories listed below:  

1. unconditioned, as-generated waste; and  

2. conditioned waste.  

Each primary category has five components or ñsubcategories,ò which form the basis for the definition 

of categorization. Accordingly, categorization is defined by IAEA as ña method for grouping individual or 

combined waste streams based on the wasteôs point of origin, physical state, type, properties, and 

process options.ò The bases for this definition are outlined in the following five subcategories below:  

¶ Point of origin (source of the as-generated raw waste);  

¶ Physical state (solid, liquid, gaseous);  

¶ Type (resin, sludges, metal, combustible, compactable, etc.);  
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¶ Properties (radiological, physical, chemical, biological);  

¶ Process options (pre-treatment, treatment, conditioning).  

Additional details for each of these subcategories are provided in (TECDOC-1538). As stated in 

(TECDOC-1538), "this categorization approach supports safe and cost effective segregation and 

management of waste prior to and throughout treatment, conditioning and disposition". 

TECDOC-1538 recommends that operational waste categorization programme be implemented prior to 

generation of any waste, because it is critical for ensuring the future, long-term success of the 

programme. The categorization process should be revised as the waste management programme 

evolves. At that, some countries with advanced programmes may have established protocol and 

implemented practices for operational waste categorization. 

As stated in (TECDOC-1538), "A comprehensive, standardized operational waste categorization 

programme provides a platform for accurately assessing management options, including, but not limited 

to:  

ự Waste segregation;  

ự Preliminary waste characterization and classification;  

ự Selection of cost effective, regulatory compliant waste treatment and conditioning options;  

ự Mobile processing technology selection;  

ự Processing resource sharing with other facilities and/or countries;  

ự Validation of compliance with final repository waste acceptance criteria;  

ự Infrastructure investment sharing between facilities and/or countries with similar challenges and close 

proximity;  

ự Pursuit of alternative disposal options for materials of low radiological risk (e.g. in facilities that do not 

maintain a radioactive materials license including, but not limited to industrial or hazardous waste 

landfills). 

Additionally, categorization of radioactive waste can be helpful at any stage between the point of 

generation and subsequent handling, transport, processing, storage, and disposal:  

ự At the conceptual level in:  

Å devising waste management strategies;  

Å planning and designing waste management facilities;  

Å routing radioactive waste for processing, storage and disposal;  

ự At the operational level by:  

Å defining operational activities and in organizing the sequence of activities;  

Å giving a broad indication of the potential hazards involved with the various types of radioactive 

waste; 

Å facilitating record keeping;  

ự With communication:  

Å by providing universally recognized terminology that improves communication between countries, the 

public, regulators, and finally generators and managers of radioactive waste programmes".  
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4. Overview of responses to the questionnaire 

Twenty-one countries have provided answers to the questionnaire regarding their approaches to RW 

classification and characterization. The answers show considerable variation in approaches and level 

of detail. Below, there is a summary of information presented by EURAD participants.  

4.1 Approaches to RW classification  

In this subsection, answers from different EURAD participating countries related to waste classification 

are presented.  

As mentioned in Section 3, there is no unified approach for RW classification. Various countries apply 

different types of RW classification; indeed, several types of classification are sometimes used 

simultaneously in the same country. A summary of approaches to RW classification by country is 

presented in Table 1. The following criteria for classification can generally be distinguished:  

¶ level of activity 

¶ half-life 

¶ heat generation 

¶ disposal route 

Some countries (e.g. Austria, Denmark) have not implemented their own classification scheme, but 

declare that they are using IAEA approach, stated in GSG-1 (see Section 3). At that, it should be 

mentioned that IAEA GSG-1 is not a prescriptive document but provides recommendations which are 

applicable to waste arising from all origins and can be useful for all participating countries. 

In Table 2, the information from EURAD participating countries regarding RW classification related to 

RW disposal route, recommended by IAEA GSG-1, is summarized.  

This approach to classification is applied to some extent in the vast majority of participating countries, 

but aspects of some national waste classification schemes deviate from the IAEA approach. Therefore, 

the classes ñlow level wasteò and ñintermediate level wasteò do not always mean the same as in (GSG-

1), i.e. future disposal in near-surface disposal facilities and disposal facilities at intermediate depth, 

respectively.  

In many participating countries (e.g. Bulgaria, Lithuania, Netherlands), low and intermediate level waste 

do not exist as separate classes and are combined as one class (LILW), which, in turn, can be 

subdivided into short-lived and long-lived RW. Generally, short-lived LILW could be associated with LLW 

within the meaning of (GSG-1), whereas long-lived LILW could be associated with ILW within the 

meaning of (GSG-1). It seems that this interpretation is directly linked with the potential disposal route 

of those wastes, even if it has not been mentioned explicitly within the different questionnaire 

responses..  

For illustrative purposes, Table 3 presents the information regarding available and planned disposal 

facilities in the participating countries.  

As one can see from Table 3, the creation of deep geological repositories is planned in the vast majority 

of participating countries. The same is applicable for the disposal facilities for LLW (sometimes such 

facility is called ñsurfaceò, sometimes ï ñnear-surfaceò ï this is rather an issue of terminology, as 

opposed to a clear distinction in the features of the disposal facilities, as discussed further below).  

At the same time, only few countries (Sweden, France, Ukraine) are planning to create a disposal facility 

at intermediate depth for ILW. 
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With regard to very low-level RW, only a few countries have dedicated disposal facilities (in particular, 

Slovakia, Spain, UK) or are planning to create them (Hungary, Romania). Sometimes, these facilities 

belong to landfill type, sometimes ï to surface type.  

The distinction between landfill, surface and near-surface disposal facilities in Table 3 is not clear-cut ï 

it appears to be a combination of disposal depth and the level of engineering applied in the facility 

design. It should be mentioned that national facilities are assigned to these columns based on the 

conventions and terminology used in each country's response to the questionnaire.  At that, (GSG-1) 

defines "near-surface landfill type facilities" as a suitable disposal route for VLLW, and "engineered near 

surface facilities" as a suitable disposal route for LLW. In view of this, there is a degree of overlap 

between landfill, surface and near-surface disposal facilities. Table 3 provides an overview of the variety 

of approaches to the disposal routes implemented in the Member States that have decided to respond 

to the ROUTES questionnaire (cf. section 2). 
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Table 1: Approaches to RW classification by country 

 Country Level of activity Half-life Heat Generation 
Type of disposal 

facility 
IAEA approach 

(GSG-1) 

1. 1 Austria + + No heat generating RW  + 

2. 2 Belgium  + + +  

3. 3 Bulgaria + + + +  

4. 4 Czech Republic 
+ (indirectly, (disposal 

facility specific)) 
+ (temporary RW) + + (indirectly) 

+ (indirectly, (disposal 
facility specific)) 

5.  Cyprus     + 

6. 5 Denmark     + 

7.  France + +  + (indirectly)  

8.  Germany   +   

9. 6 Greece + + No heat-generating RW + + 

10. 7 Hungary + +    

11. 8 Lithuania + (dose rate) +  +  

12. 9 Netherlands + +    

13. 1 Poland + + No heat-generating RW   

14. 1 Portugal + +   + 

15.  Romania + +  +  

16. 1 Slovakia + +  +  
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 Country Level of activity Half-life Heat Generation 
Type of disposal 

facility 
IAEA approach 

(GSG-1) 

17. 1 Slovenia + + +   

18.  Sweden + (dose rate) + + +  

19.  Spain + + 

+ 

(Waste Agency 
(ENRESA) 

classification) 

+ + 

20. 1 Ukraine + + + +  

21. 1 UK 

+ 

(for non-rad/LLW and 
LLW/ILW boundaries) 

 
+ 

(for ILW/HLW boundary) 

+ 

(for LAW/HAW 
boundary and for 
disposal of VLLW) 
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Table 2: RW classification by disposal route according to GSG-1 by country 

 Country Exempt 
Very short-lived 

(transition,...) 
Very low level Low level 

Intermediate 
level 

High level Criterion for division 

1. 1 Austria + +  + (LILW) + (LILW) 
- (no HLW in 

Austria) 

Specific activity. 

LILW are subdivided into short-lived 
and long-lived 

2. 2 Belgium   

- (Belongs to 
Category A, as no 
specific disposal 

option is envisaged) 

+ (Category 
A) 

+ (Category B) + (Category C) Type of disposal 

3. 3 Bulgaria + 
+ (very short-
lived waste) 

+ + (LILW) + (LILW) + 

Depending on activity, needs of 
measures for radiation protection, 

reliable isolation and retention. 

Heat generation for HLW. 

LILW are subdivided into short-lived 
and long-lived 

4. 4 Czech Republic + + + + + + 
Origin and type of waste, total and 

specific/volume activity - radionuclide 
specific, disposal site specific. 

5.  Cyprus       
No detailed information provided, IAEA 

classification is applied 

6. 5 Denmark       
All waste planned to be disposed of in 

a deep geological repository 

7.  France   + + + + 

Specific activity. 

There is no direct relationship between 
RW type and disposal route. 
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 Country Exempt 
Very short-lived 

(transition,...) 
Very low level Low level 

Intermediate 
level 

High level Criterion for division 

8.  Germany       
All waste are planned to be disposed 

of in deep geological repositories 

9. 6 Greece  
+ (very short-
lived waste) 

+ + + 
- (No HLW in 

Greece) 

RW in Greece is classified as VSLW, 
VLLW, LLW and (in limited quantities) 
ILW, based on the IAEA methodology 
described in GSG-1. The distinction 

between very short lived and long lived 
RW is based on the half-lives of 100 

days and 30 years, respectively. 

10. 7 Hungary   + + + + 
Specific activity Heat generation for 

HLW. 

11. 8 Lithuania +  + + + + (SNF) 

Dose rate. 

LILW are subdivided into short-lived 
and long-lived 

12. 9 Netherlands +   + (LILW) + (LILW) + 
Not clear from the answer. 

Short-lived waste as separate class 

13. 1 Poland  +  
+ (Ò108 Bq for 

DSRS) 

+ (108 ï 
1012  Bq for 

DSRS) 

+ (>1012 Bq for 
DSRS) 

Activity level 
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 Country Exempt 
Very short-lived 

(transition,...) 
Very low level Low level 

Intermediate 
level 

High level Criterion for division 

14. 1 Portugal  + + + +  

According to the questionnaire of PT 
submitted (April, 7th 2020), in Q1, PT 
has a classification of radwaste in the 
National Plan for the Management of 
Spent Fuel and Radioactive Waste 

(VLLW, LLW, ILW). This classification 
is based on the activity and half-life. 

PT follows IAEA GSG-1 and the 
wastes produced in the Country. 

15.  Romania + + + + (LILW - SL) + (LILW - LL) + (SNF) 

Specific activity 

LILW are subdivided into short-lived (to 
be disposed in near-surface disposal 

facility) and long-lived (to be geological 
disposed of) 

16. 1 Slovakia  + + + + + 
Specific activity of long-lived RW only 

(?) 

17. 1 Slovenia  + + + (LILW) + (LILW) + 

Not clear from the answer. 

Heat generation for HLW. 

LILW are subdivided into short-lived 
and long-lived 

The transition RW are just stored on 
site and then cleared, so no disposal 

route is foreseen. 

18.  Spain 

+ (from 
declassifi

cation 
process) 

 
+ (subdivided into 

short-lived and long-
lived) 

+ LILW 
(subdivided 

into short-lived 
and long-

lived) 

+ LILW 
(subdivided into 
short-lived and 

long-lived) 

+ (SNF & HLW) 

VLLW and LILW are subdivided into 
short-lived and long-lived 

EW coming from declassification 
processes 
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 Country Exempt 
Very short-lived 

(transition,...) 
Very low level Low level 

Intermediate 
level 

High level Criterion for division 

19.  Sweden +  + + + + (SNF) 

Dose rate. 

Heat generation for HLW. 

LILW are subdivided into short-lived 
and long-lived 

20. 1 Ukraine   + + + + 
Disposal type, 

heat generation for HLW 

21. 1 UK +  + + + + 

Out-of-scope waste (non-radioactive): 
does not exceed radionuclide-specific 

activity values defined by Euratom 

Disposal route for VLLW (based on 
activity) 

Activity for LLW and ILW 

Heat generation for HLW 

The UK is increasingly moving towards 
a more risk-based approach to 

radioactive waste management that 
enables improved management of 
wastes at the boundaries between 

existing classifications. 
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Table 3:  Available disposal facilities by country 

 Country Landfill Surface Near-Surface 
Intermediate 

Depth 
Deep Geological 

Repository 
Comments 

1.  Austria      

Type not decided yet, 
there are plans to 
create the disposal 
facility by 2045. 

2.  Belgium  

For waste of Category A 
(SL-LILW) 

License: 2022 

Operation: 2025 

  

Until now, there is no official 
decision (Royal Decree) that 
confirms Belgium will go for a 
DGR, so nothing is decided 
at the moment, even on a 
principle level. 

 

3.  Bulgaria   
SL-LILW 

Under construction 
 Planned  

4.  Czech Republic 
Exempt waste, 
limited volume and 
activity 

NPP Waste, limited 
volume of institutional 
waste 

Institutional waste, 
containing 
natural/artificial 
radionuclides 

 
All RW, not acceptable for 
surface and near surface 
disposal. 

 

5.  Cyprus      
No facilities planned, 
according to the 
Questionnaire 

6.  Denmark     

Planned, not later than 2073 

All RW, may be except for 
NORM 
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7.  France  

CIRES Facility for VLLW 
(Aube department) 

Facility for LLW-LL 
(Soulaines region) 

Stage of site selection 

 

Cigéo disposal facility 
(Meuse/Haute Marne) 

Operation: about 2030 

 
CSA Facility for SL-LILW 
(Aube department) 

CSM Facility for SL-LILW 
(Manche department) ï 
closed  

8.  Germany     

Two facilities: 

1. Konrad for RW with 
negligible heat generation 
(licensed, under construction) 

Operation: 2027 

2. Other facility for heat-
generating RW (on-site, 
interim-storage). Site to be 
selected by 2031 

Operation: about 2050 

 

9.  Greece   

One facility which will 
include the combination 
of i) engineered near 
surface disposal, ii) 
surface trench 
disposal. 

  

According to the NatPRo: 
The technical choice 
determined by the RWMO 
(EEDRA) includes the 
combination in one 
installation of i) 
engineered near surface 
disposal, ii) surface trench 
disposal. Borehole 
solution is not excluded, in 
case its necessity arises, 
but it is not a preferred 
solution 
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10.  Hungary Planned 
Radon-type facility for 
institutional RW 

Underground facility for 
LILW from NPP 
operation and 
decommissioning 

 Planned by 2064  

11.  Lithuania 
Operation will start in 
2021 

 

Construction ï tender 
procedures. 

Operation: planned for 
2024 

 Planned by 2066 

Bituminized LRW 
storage facility to be 
transformed to disposal 
facility 

12.  Netherlands 
Two facilities for 
NORM waste 

   Planned by 2130  

13.  Poland  

KSOP facility (intended 
for disposal of gamma 
and beta bearing waste 
and for temporary storage 
of alpha-bearing LLW and 
ILW) 

   

Other disposal facility is 
planned, but the type 
has not been decided 
yet. 

14.  Portugal      

The National Plan 
refers disposal but does 
not indicate specific 
routes. 

15.  Romania  
May be, separate facility 
for VLLW will be 
considered. 

National Repository 
Baita  Bihor for 
institutional RW 

 Planned by 2055  
Disposal facility for 
NPP RW (SL-LILW) 

Operation: 2028 

16.  Slovakia 

Facility for VLLW 
(surface type) 

Extension is planned 

Facility for LLW 

Extension is planned 
  Planned for SNF and ILW  
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17.  Slovenia 

Waste from uranium 
mining (Jazbec -
closed and Borst ï 
still under 
remediation due to 
landslide activation) 

 

Near-surface facility for 
SL-LILW 

Licensing stage 
(construction) 

 

Planned by 2065. 

SNF and HLW 

May be regional or 
multinational ï not  decided 
yet 

 

18.  Spain  

Trench-type facility at 
El Cabril for VLLW  
(Landfill similar to the 
repository for toxic and 
hazardous wastes) 

Near-surface facility at 
El Cabril for LILW 

 

There is no date for deep 
geological repository for SF 
and HLW because the final 
decision has not been made 
yet (technically and 
administratively). A 
Centralized Temporary 
Storage (CTS) will be build 
up in the next years . 

The CTS is an 
industrial facility 
designed to 
accommodate for 60 
years the spent fuel 
and other high level 
waste in a single 
location. According to 
the Plan (GRWP), there 
is an estimated 12,000 
m3 of materials 
requiring management, 
most of them are spent 
fuel (about 20,000 fuel 
assemblies) and small 
quantities of vitrified 
waste (less than 70 
canisters) and special 
waste. 

19.  Sweden Landfill facility  
SL LILW shallow 
geological repository, 
extension is planned 

Planned 

(trial operation ï 
2044) 

Planned 

(trial operation ï 2044) 
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20.  Ukraine 

Radon-type facilities, 

STLRW for accident 
Chornobyl waste, 
safety reassessment 
has to be done to 
decide whether RW 
removal is 
necessary 

Buryakivka trench-type 
facility for accident waste 
of Chornobyl origin 

ENSDF for SL-LILW 

2 compartments of 22  
are in operation Option for 

disposal of ILW is 
under discussion 
ï separate facility 
or codisposal 
with HLW 

Planned (roadmap is under 
development) 

 Disposal facilities at 
Vector complex (SRW-
1, SRW-2) for RW 
disposal in containers 
and in bulk, 
respectively 

21.  UK 
Three landfill sites 
for VLLW 

 

Two facilities: 

LLWR in Cumbria and 

LLWF in Dounreay 

 

Planned for HAW in England 
and Wales 

Stage of site selection 

Scotland has a different 
policy that disposal of 
HAW should be 
performed in near-
surface facilities 
located as near as 
possible to the site 
where the waste was 
produced. 

 

 

In operation 

Closed 

Under construction 

Planned 
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4.2 Approaches to RW categorization 

 Summary of answers related to RW characterization by country 

Regarding categorization, less information was available from the initial responses to the questionnaire. 

According to (TECDOC-1538), categorization is a method for grouping individual or combined waste 

streams based on the wasteôs point of origin (source of the as-generated raw waste), physical state 

(liquid, gaseous, solid), type (resins, sludges, slurry, metal, combustible, compactable, etc.), properties 

(radiological, physical, chemical), and process options (pre-treatment, treatment, conditioning). IAEA 

defines two primary categories of RW ï unconditioned (as-generated) RW and conditioned RW. These 

RW are then further divided by subcategories.  At the ROUTES WP meeting in Athens, it was mentioned 

by many participants that different countries have a different understanding of RW categorization.  

In the course of the development of this report, the information from the participants was updated based 

on their feedback. As one can see from Table 4, RW categorization is somehow applied in the majority 

of participating countries. Nevertheless, in most of the countries the management strategy is mainly 

defined on the basis of classification rather than categorisation. The most comprehensive approach was 

presented by Belgium, which divides RW into unconditioned and conditioned, and then into respective 

subcategories. During the ROUTES Workshop held in Athens (March 2020), participants agreed to say 

that Belgium has developed a comprehensive approach of RW categorization that can be considered 

as a good practice to be shared among all ROUTES partners and to be used as a guide implementation 

in the interested MS. In that sense, the particular Belgian approach is described in detail below in Section 

4.2.2. Note that in other countries, some categories of RW have been implemented (e.g. solid/liquid RW, 

disused SRS, etc.) and they are not as completed as the Belgian one.  

Short summary of answers to the questionnaire related to RW categorization is presented in Table 4. 

Within this table, it is worth to note that when the whole row for the country is blank, it means that 

answers to the questionnaire do not provide clear information about approaches RW categorization (and 

whether categorization is applied at all) in those countries.  Once again, note that this table gather only 

the responses from the Member States that have decided to answer to the ROUTES questionnaire. 
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Table 4: Approaches to RW categorization by country 

 Country 

Categories Subcategories 

Non-conditioned / 
Conditioned 

Point of origin 
Physical state (liquid, 

solid, gas) 
Type 

Properties 
(radiological, 

chemical, physical, 
etc.) 

Process options 

1. 1 Austria +  + (s/l/g) 

+ (e.g. combustible, 
non-combustible, 

DSRS, filters, smoke 
detectors) 

+ 

+ (e.g supercompacted 
waste, homogenously 

cemented, waste, 
ecapsulated (sources 

and ash drums) 

2. 2 Belgium +  + (s/l) 
+ (e.g. organic, 
combustible, 
compatible) 

+ (radiological, 
chemical, etc.) 

+ (e.g. incineration, 
compaction) 

3. 3 Bulgaria   + (s/l)    

4.  Cyprus   + (s/l)    

5. 4 Czech Republic + 
+ (institutional, NPPs 

origin) 
+ (s/l/g) 

+ (containing 
natural/artificial 
radionuclides) 

 
+ (solidification media, 
e.g. bitumen, cement, 

geopolymer) 

6. 5 Denmark   + 
+ (e.g. waste from 
decom, operations, 

other users) 
  

7.  France       
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8.  Germany + 

+ (decommissioning 
waste, legacy waste, 

radiation sources 

reprocessing wastes, 
SNF) 

+ (s/l/g) 
 

+ (organic/inorganic, 
combustible/non-

combustible) 

+ (chemical, physical 
properties) 

 

9. 6 Greece  
+ (decommissioning 
waste, legacy wasteé) 

+ (s/l) +   

10. 7 Hungary + 

+ (institutional 
radioactive waste; NPP 
originated radioactive 

waste) 

+ (s/l) 
+ (Compactable/ non-
compactable, solidified 

liquid, sludge, resin) 
 

+ (compaction, 
solidification) 

11. 8 Lithuania +  + (s/l/g) 
+ (DSRS as a separate 

category) 
  

12. 9 Netherlands + +   +  

13. 0 Poland   +s/l 
+ (Separate criteria are 
established for DSRS) 

  

14. 1
1 
Portugal + 

+ (legacy waste, 
radiation sources) 

+ (s/l)   + (compaction) 

15.  
Romania* (for 
operational 
waste)  

 + + + + + 

16. 1
2 
Slovakia       

17. 1
3 
Slovenia   + (s/l/g) 

+ (organic/inorganic, 
combustible/non-

combustible) 

+ (chemical, physical 
properties) 

 

18.  Spain       
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19.  Sweden       

20. 1
4 
Ukraine   + (s/l)    

21. 1
5 

UK No formal system of radioactive waste categorization is applied in the UK.  The UK radioactive waste inventory (available at 
https://ukinventory.nda.gov.uk) records whether wastes are conditioned or unconditioned and also records details of waste characteristics 
including those listed as subcategories in this table.  All of this information can then be interrogated as required when considering a particular 
radioactive waste management application. 
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 Belgian approach to categorization  

First of all, the waste is divided into two categories ï conditioned and non-conditioned RW. 

Subcategorization of non-conditioned waste (NCW) 

A subcategorization scheme of NCW is two-dimensional. The first dimension is related to the 

contamination risk from the waste and the second dimension the radiation risk exposure from the waste.  

The categorization of NCW has a separate scheme for solid waste and one for liquid waste.  

Subcategorization scheme for solid NCW 

Subcategorization scheme for solid NCW in Belgium is presented below in Fig.2.  

 
Figure 2: ONDRAF/NIRAS subcategorization scheme for solid NCW 

The contamination risk from solid NCW is measured by the total activity concentration of alpha-emitters 

in the waste (Bq/m3). In terms of contamination risk, the scheme makes the distinction between 

beta/gamma waste and alpha-bearing waste; the former may contain no more than traces of alpha-

emitters. Considering that alpha-emitters in the waste are generally long-lived, this dimension in the 

classification scheme not only addresses operational but also long-term safety. 

The radiation danger from solid NCW is measured by the total activity concentration of beta/gamma-

emitters in the waste (Bq/m3).  In terms of radiation danger, the scheme makes the distinction between 

low active, (two levels of) medium active and high active solid NCW.  To distinguish high active solid 

NCW, the thermal power density (W/m3) is also taken into consideration.  

The solid NCW is classified based on whether it is beta/gamma or alpha-bearing and on its activity level 

and thermal power density. The solid NCW is further subdivided into classes on the basis of the possible 

treatment methods (i.e. incineration or other pre-treatment leading to compaction). For burnable solid 

waste, a very low limit is observed on the total activity concentration of alpha-emitters in the waste. 

Radium/thorium-bearing solid NCW is attributed to a class separate from the scheme.  
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Subcategorization scheme for liquid NCW 

The subcategorization scheme for liquid NCW in Belgium is presented below in Fig.3.  

 
Figure 3: ONDRAF/NIRAS subcategorization scheme for liquid NCW 

The classification of liquid NCW makes a distinction between heterogeneous liquid (ñsludgeò) and 

homogeneous liquid (ñeffluentò).  There exists a classification scheme for effluent only. Sludge is not 

further subdivided into categories.  

The contamination risk from an effluent is measured by the total activity concentration of alpha-emitters 

in the effluent (Bq/litre).  The radiation danger is measured by the total activity concentration of 

beta/gamma-emitters in the effluent (Bq/litre). In terms of radiation exposure risk, the scheme makes a 

distinction between low, medium and high active effluent.  

The low active effluent is further subdivided into several categories based on the combination of the 

total activity concentration of alpha-emitters, the total activity concentration of beta/gamma-emitters and 

whether or not it is destined for incineration. The low active effluent destined for incineration is 

subdivided in two categories, depending on the nature of the solvent (i.e. aqueous or organic).   

Radium/thorium-bearing effluent is attributed to a separate class apart from the scheme. 
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Categorization of conditioned waste (CW)1 

The subcategorization scheme for CW in Belgium is presented below in Fig.4.  

 
Figure 4: ONDRAF/NIRAS subcategorization scheme for CW 

The subcategorization scheme of CW is two dimensional. The first dimension expresses the half-life of 

the radionuclides in the waste. The second dimension expresses the radiation exposure risk from the 

waste.  

The longevity of the radionuclides in CW is measured by a dimensionless number (ñX-factorò), which is 

the sum of the ratios of the activity concentration (Bq/m3) of certain ñcriticalò nuclides to their maximum 

limit based on the most conservative scenario of intrusion after disposal (remaining below radiological 

dose limits). In terms of longevity, the scheme makes the distinction between short-lived and long-lived 

CW; the former may not have an X-factor greater than 1.  

The radiation danger from CW is measured by its dose rate (Sv/h). In terms of radiation danger, the 

distinction is made between low active, medium active, high active and very high active CW. To 

distinguish very high active CW, the thermal power density (W/m3) is also taken into consideration.  

The CW is divided into categories based on whether it is short-lived or long-lived and on its dose rate 

and thermal power density. This classification scheme is supplemented by categories that also take 

account of the origin of the CW (e.g. vitrified HLW from La Hague).   

Radium/thorium-bearing CW is attributed to a category separate from the scheme.  

                                                      

1  This can be called a classification or a categorization, depending on the point of view. It is a categorization in the sense that 
the classes are associated with a specific storage building. It is a classification in the sense that the classes can also be 
associated with a specific option for disposal. 
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RW classification in Belgium related to disposal 

In terms of disposal, CW belongs to category A if it is destined for the surface repository (planned to be 

constructed in the municipality of Dessel). Short-lived low active and short-lived medium active CW are 

a priori considered to belong to category A.  CW belongs to category B or C if its reference final 

destination is geological disposal. A characteristic of CW belonging to category C is its high thermal 

power density, such that this has a major impact on the design of the repository. When comparing with 

the classification scheme in Figure 1 of GSG-1 (see above), category A corresponds with LLW, category 

B corresponds with ILW and category C corresponds with HLW.  Since no specific final destination is 

planned for VLLW, the latter is included in category A.  

The Belgian approach to RW classification related to disposal route and its link to IAEA GSG-1 approach 

is shown in Fig.5.  

 
Figure 5: ONDRAF/NIRAS RW classification scheme and its relation to disposal route 
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5. Overview of responses to the questionnaire on challenging 
waste  

5.1 Introduction 

Challenging wastes (sometimes called problematic or no routes waste) are those for which no solutions 

for their safe management are currently available: one of the predisposal steps (including 

characterization, treatment and conditioning) is not available or the disposal strategy is not yet defined. 

For instance, legacy wastes are often considered as challenging waste because of the lack of knowledge 

on their characteristics, which prevents the definition of the route for safe management. Apart from this 

case, some challenging waste is still to be generated, for example waste containing organic materials 

for which most of the member states (MS) are still looking for a treatment/conditioning technology. This 

example particularly refers to THERAMIN EC project2 (ñThermal treatment for radioactive waste 

minimization and hazard reductionò). This project aimed to provide improved safe long-term storage and 

disposal of intermediate and low level radioactive waste streams (ILW and LLW), suitable for thermal 

processing. 

Another consideration to have in mind is the fact that a lack of sorting can lead to mixed waste. As a 

whole, mixed waste can be more problematic to manage, whereas if there were treated separately, an 

appropriate management route could be found. 

5.2 Summary of challenging waste per country 

This section summarizes the answers from the MS in regard to the challenging wastes they have to 

face. Regarding the questionnaire itself, it has to be noticed that a preliminary list of óchallenging wastesô 

was included. This list was drawn up during the preparatory phase of the ROUTES project on the basis 

of information provided by few member states. Precisely, the predefined list of challenging wastes 

included: 

¶ Sludge;  

¶ Organic Waste;   

¶ Spent Ion exchange resins (SIERs);  

¶ Bituminized waste;  

¶ Graphite;  

¶ Uranium/Radium/Thorium bearing waste;  

¶ Decommissioning Waste (soil, rubble, etc.);  

¶ Particular spent fuel such as metal uranium and aluminium cladding;  

¶ Disused radioactive sealed sources;  

¶ Waste containing reactive metals such as Aluminium, Magnesium, Zirconium, Sodium, 

Beryllium;  

¶ Waste containing chemotoxic materials such as Beryllium, Mercury, Asbestos, Lead.  

For sake of brevity, single responses to the questionnaire provided by each MS are compiled in a 

separate document. Table 5 details for each member state the different types of challenging wastes 

they face, based on this list and the answers to the questionnaire. Associated with this table, the pie 

chart presented in Figure 6 illustrates the distribution of challenging waste that member states are most 

confronted with.  

                                                      

2 http://www.theramin-h2020.eu/ 
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Table 5: List of challenging waste identified by Member States participating to the ROUTES project 

 

 

Note that empty cases mean that Member State is not facing difficulty in managing the particular waste and so, is not considering this waste as a challenging 

one. 

 

sludges
organic 

waste

spent ion 

exchange resin

bituminized 

 waste
graphite

uranium/radium/thorium 

bearing waste  

decommissioning 

waste

particular 

spent fuel
DSRS

waste containing 

reactive metals 

(Al, Mgé)

waste containing 

chemotoxic 

(asbestos, beryllium, 

mercuryé)

Austria x x x x x x x x x

Belgium x x x x x x x x x

Bulgaria x x x x

Cyprus x x

Czech Republic

Denmark x x x x x x x x x x x

France x x x x x x x x x x x

Germany x x

Greece x x x x x x x x x

Hungary x x x x x

Lithuania x x x x x

Netherlands x x x x x

Poland x x x x x x

Portugal x x x x x x x

Romania x x x x x x x

Slovakia x x

Slovenia x x x x x

Spain x x x x x x x x

Sweden

Ukraine x x x x x x x

UK x x x x x x x x x x

Contribution (%) of the waste 

to the total challenging wastes 

studied in the framework of 

ROUTES

8 10 10 5 12 9 11 4 11 10 10
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Figure 6: Distribution of the challenging waste that member states are most confronted with 

On the basis of Table 5, the pie chart presented in Figure 6 has been prepared and aims to represent 

the contribution (%) of each challenging waste to the total of challenging wastes identified within 

ROUTES. From these elements, it is clear that the different MS face on average at least 6 different types 

of challenging waste, often including spent ion exchange resins, disused sealed radioactive sources 

(DSRS), decommissioning waste and graphite waste. The exception of Czech Republic and Sweden 

should be mentioned as waste listed in the questionnaire are manageable in their country, or have at 

least one identified management routes and therefore, are not challenging as such. However, Sweden 

raises the particular case of legacy waste for which no management route has been found due to lack 

of information. Cyprus, Germany and Slovakia are also tree particular MS as they are confronted with 

only two of the predefined challenging wastes. Belgium also specifies that for uranium/radium/thorium-

bearing waste, graphite and spent ion exchange resins, the challenges are mainly related to specific 

waste streams. Moreover, it is interesting to note that for Austria, most of the challenging waste are 

considered as such because no final repository is defined yet and therefore, no WAC are available to 

date. However, for all the waste streams mentioned, Austria does have the technology for treatment up 

to and including interim storage. 

In any case, the analysis of the Table 5 and the Figure 6 confirms that challenging waste already listed 

in the questionnaire are of interest for both nuclear and non-nuclear MS. This observation is of 

importance for the rest of the work that will be conducted within the ROUTES project. Indeed, the work 

on each challenging waste and the related identification of R&D needs will be useful for all the MS and 

not just those who have an advanced nuclear program.  

Moreover, it should be noticed that within the different questionnaires, some MS have mentioned 

additional challenging waste than those listed in the preliminary list. The section 5.3 offers a description 

of these particular cases and the reasons why they are considered as challenging. 
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5.4 Other challenging waste 

As mentioned in section 5.2, other wastes than those mentioned in the list of section 5.2 have been 

identified by some MS as challenging ones. This part describes what these wastes are and why they 

are considered challenging. Beforehand, it should be noted that the following situations are often specific 

to a given country. However, it is interesting to mention them insofar as it allows sharing of experience 

between the different MS. 

In Ukraine, waste named "Salt cakeñ, associated to the VVER technology, is problematic for their 

management as one of their characteristics is to have a high solubility in case of ingress of water. Issues 

are linked to disposability, and whether treatment and conditioning are needed or not. Ukraine also 

considers waste resulting from the Chernobyl accident, of which a huge amount has been produced. 

Their content (various radionuclide inventory, physical and chemical properties) is often unknown due 

to a lack of characterization. 

In Slovakia, ñchrompikò waste are also considered as challenging. Those waste are liquid radioactive 

waste which has been used as a heat-transfer medium for cooling off fuel assemblies at the Bohunice 

A1 NPP operated from 1972 to 1977. Considered as legacy waste, they are intended for processing and 

treatment  through a vitrification facility. Final products are vitrified waste which, for now, do not comply 

with the WACs of the Slovak surface repository. Pending a final repository, those waste are placed in 

an interim storage located within the reactor hall of Bohunice A1 NPP. 

In Belgium, some waste packages were discovered in 2013, which were generating a gel-like substance. 

Aqueous concentrates, ion exchange resins and filters produced on nuclear power plant sites were 

conditioned in these packages. It was found that the cementitious matrices/fill mortars of these packages 

were affected by an alkali silica reaction. Those packages have become challenging waste as they 

cannot be disposed under the present conditions and so, solutions have to be found. 

Several MS also mentioned in their questionnaires that they had difficulties with wastes that were 

conditioned before the WAC for disposal had been established. As a result, the radiological or chemical 

content is frequently unknown and itôs not possible to demonstrate the compliance of those historically 

conditioned waste with the WAC of the current disposal facility. This particular topic is for instance 

addressed in the CHANCE EC project3. 

Liquid organic waste, e.g., oil solvents, have also been identified in the answers to the questionnaire as 

challenging waste. Depending on the interest on those wastes and the safety issues linked to them, they 

could be part of the challenging waste list. 

5.5 Why consider these wastes as challenging ones? 

In this section, the difficulties faced by the MS with regard to the above-mentioned challenging waste 

are detailed. It should be highlighted that the questionnaire already identified a list of potential reasons 

that could lead the MS to consider these waste as challenging ones. This list, as a first thinking, included 

in particular:   

¶ No available or reliable inventory;  

¶ Unknown or uncertain characterisation (radiological, physical, chemical);  

¶ No pre-disposal technologies available (sorting, retrieval, transport, conditioning, storage);  

¶ No disposal facilities;  

¶ Wait and see strategy because no existing WAC;  

¶ Technologies available in other MS but not accessible; 

                                                      

3 https://www.chance-h2020.eu/ 



EURAD Deliverable 9.4 - Overview of existing work on categorization/classification of RWs in 
participating states 

 

EURAD (Deliverable n° 9.4) - Overview of existing work on categorization/classification of RWs 
in participating states 
Dissemination level: PU 
Date of issue of this report: 19/05/2021   

Page 42  

¶ Volumes too small to develop a dedicated facility/technology;   

¶ Lack of or poor knowledge in waste management;  

¶ No or poor public acceptance of the foreseen solution.  

The answers provided by the member states gave a better understanding of the difficulties they could 

face for each type of challenging waste. The tables below (Tables 6 to 16) offer more details of the 

difficulties encountered for each type of challenging waste. 
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Table 6: Difficulties encountered by each member state in the management of sludges 
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Austria x x

Belgium

Bulgaria x x x

Cyprus

Czech Republic

Denmark x x x

France x x x

Germany

Greece x x

Hungary x x

Lithuania

Netherlands

Poland

Portugal

Romania

Slovakia

Slovenia x

Spain x x

Sweden

Ukraine x x

UK x x x
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Figure 7: Distribution of the main difficulties encountered in the management of sludges 

According to the questionnaire, ten member states identified the case of sludges as challenging waste: 

Austria, Bulgaria, Denmark, France, Greece, Hungary, Slovenia, Spain, Ukraine and UK.  

As it is illustrated in Figure 7, for those member states, the major difficulties related to the management 

of the sludges concern characterization issues insofar as these sludges contain various radionuclides 

and reactive chemicals.  

For instance, Bulgaria and Ukraine specify in their questionnaires that the sludges are produced by the 

water treatment activities within their NPP (within Special Water Treatment Installations at Kozloduy 

NPP) and contain radionuclides such as 134Cs, 137Cs, 60Co and 54Mn (global activity of about 1011 Bq) 

as well as chemical additives. For its side, France mentions the fact that the sludges are concentrated 

solutions of co-precipitation salts (Barium sulfate, Ferrocynaides, Calcium carbonate, Cobalt sulfide and 

some others hydroxide). Slovenia also underlines the presence of various corrosive constituents in their 

sludges.  

The MS also raised the question of the treatment and the conditioning of these sludges. Bulgaria and 

Denmark notably report the fact that studies are ongoing for new technologies and experiments to treat 

and condition this particular waste. Greece also indicates that it is expected to solidify the sludge in 

cement before the disposal. The mass percentage of sludge in the mixture will be around 30 %.  

Finally, MS also underlined the fact that non-bituminised or solidified sludges can present high content 

of corrosive constituents which cause conditioning issues. Denmark notably mentioned the high 

concentration of salts in its non-bituminised sludges that plead to find appropriate treatment processes 

to limit corrosion effects. Along the same line, France states that different treatments and conditionings 

are explored to be able to deal with both high concentration level activity and reactive chemicals. 

Regarding the case of Austria, it is worth to mention that the main difficulty associated with the sludges 

management is the lack of a final repository. It turns that no difficulties for treatment or conditioning are 

experienced as such in this country as sludges are nowadays dried and high-pressure compacted. 

Challenges involving characterization have been faced mostly because of the unknown chemical 

content of sludges historically cemented but reconditioning processes have been done to cope with this 
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issue. Indeed, sludges which have been historically cemented have been reconditioned and repackaged 

into new 200 L drums. Note that Greece has also historical drums of sludge which, for now, need to be 

reconditioned. 

In conclusion, ñsludgeò defines a broad class of challenging waste with different compositions and 

activity, which mainly come from treatment of effluents (precipitation, evaporation, concentration).  

Even though, a single technology able to treat and condition all type of sludges is not a possible option, 

nevertheless improvement in the management of sludges could be achieved through EC joint 

programme, with a similar methodology as in the THERAMIN Project.  
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Table 7: Difficulties encountered by each member state in the management of organic waste 
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Figure 8: Distribution of the main difficulties encountered in the management of organic 

The management of organic waste is a challenge for various member states: Austria, Belgium, 

Denmark, France, Greece, Hungary, Poland, Portugal, Slovenia, Spain, Ukraine and UK.  

According to the responses to the questionnaires, illustrated in Figure 8, it turns out that various 

difficulties are at stake for the management of this type of waste. In fact, organic waste includes a wide 

variety of waste that can be either in solid or liquid form.  

For example, Belgium, Denmark, Hungary, France and Spain detail that solid organic waste can include 

plastics, papers, cardboards, elastomers, filters, resins, woods which can give rise to complexing and 

chelating degradation products which affect the migration of radionuclides (e.g., isosaccharinic acid 

produces by cellulose degradation). While for liquid organic waste, Spain, Greece or France specify the 

case of organic solvents, oils, chlorinated organics, etc. On this basis, it is clear that the difficulty most 

faced by the MS is the treatment and conditioning of this waste. Indeed, the presence of radionuclides 

and chemical degradation products can lead to the production of corrosive gas and complexing 

substances that impact the containment properties. Some MS reveal that for the solid organic waste, 

the choice has been made to encapsulate them in a cement matrix. Austria also mentioned that even if 

the predominant part of its organic wastes can be treated without difficulties through incineration 

process, some difficulties arise when wastes are containing too many plastics like PVC. In this case, 

Austria treats PVC by drying and supercompaction. Note that asphalt and bitumen are also treated this 

way in Austria. Belgium details for its part that the standard management route for low active 

beta/gamma waste containing cellulose goes via the incinerator. For all the other organic waste, 

conditioning in a cementitious matrix is operated, with a maximum limit of cellulose contents (100 times 

lower for surface disposal than for geological ones). Belgium also testifies that Plasma could offer a 

solution for the treatment of organic waste but there is no such installation available in the country. 
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Regarding Portugal, it has been mentioned that no treatment technologies is available for volume 

reduction, as incineration techniques are not allowed by the government. Note that in Hungary, there is 

no incineration as well. 

However, the management of the liquid organic waste is more difficult. Ukraine mentions that in the 

Chernobyl NPP, an industrial process is under development trying to treat site runoff water that is 

contaminated with organic compounds as well as transuranic elements. Moreover, Spain and Greece 

also point out that due to the small volumes of their organic waste, the development of specific 

incineration facilities is not viable and so, other treatment and conditioning processes have to be found. 

France indicates that for liquid organic waste, incineration is not compatible due to the chemical 

composition and so other processes are under review (e.g., treatment by mixing polymers, specific 

thermal/chemical destructions, etc.). To this end, the PREDIS project, and especially the WP dedicated 

to the development of liquid organic waste conditioning processes could result in a sound scientific and 

technological advance.   

The exact characterisation of the organic waste causes also some difficulties, as the radiologic and 

chemical inventory is not well known. Spain mentions in its questionnaire that their liquid organic waste 

are expected to have low activity, with mainly beta-gamma and beta emitters. The questionnaires also 

highlight other difficulties, as for instance for Denmark which most of its organic waste are legacy ones 

mixed in drums and poor knowledge of the composition is at stake. Austria also states that historically, 

their organic waste were into 100 Litre drums that have been cemented into 200 Litre drums. Nowadays, 

those have to be reconditioned to conform with their interim storage and related waste acceptance 

criteria (WAC).  
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Table 8: Difficulties encountered by each member state in the management of spent ion exchange resins 

 

 

   

spent ion 

exchange 

resins

C
h

a
ra

c
te

ri
z
a

ti
o
n

 i
s
s
u

e
s
 (

ra
d

io
lo

g
ic

a
l,
 

p
h

y
s
ic

a
l,
 c

h
e

m
ic

a
l)

, 
in

v
e

n
to

ry
 

re
-c

o
n

d
it
io

n
e

d
 t
o
 c

o
n

fo
rm

 o
u

r 

in
te

ri
m

 s
to

ra
g

e
 W

A
C

 (
a

n
d

 s
ta

te
-o

f-

th
e

 a
rt

 w
a

s
te

 m
a

n
a

g
e

m
e

n
t 

te
c
h

n
iq

u
e

s
) 

W
a

it
 a

n
d

 s
e

e
 s

tr
a

te
g

y
 b

e
c
a

u
s
e

 

d
is

p
o
s
a

l 
fa

c
ili

ty
 i
s
 n

o
t 
a

v
a

ila
b

le

W
A

C
 d

o
 n

o
t 
e

x
s
is

t

T
h

e
 r

e
s
in

s
 a

re
 c

o
n

s
id

e
re

d
 n

o
t 

s
u

it
a

b
le

 f
o
r 

lo
n

g
 t
e

rm
 s

to
ra

g
e

. 

P
o
te

n
ti
a

l 
p

ro
c
e

s
s
e

s
 t
o
 c

o
n

d
it
io

n
 t
h

e
 

ra
d

io
n

u
c
lid

e
s
 i
n

 t
h

e
 r

e
s
in

s
 a

re
 

T
e

c
h

n
o
lo

g
ie

s
 a

v
a

ila
b

le
 i
n

 o
th

e
r 

M
S

 

b
u

t 
n

o
t 
a

c
c
e

s
s
ib

le

C
o
n

d
it
io

n
n

in
g

/t
re

a
tm

e
n

t 

d
is

p
o
s
a

l

L
a

c
k
 o

f 
h

u
m

a
n

 a
n

d
 f

in
a

n
c
ia

l 

re
s
o
u

rc
e

s
 i
n

 w
a

s
te

 m
a

n
a

g
e

m
e

n
t 

S
a

m
p

lin
g

 t
e

c
h

n
iq

u
e

s
 a

re
 u

n
d

e
r 

d
e

v
e

lo
p

m
e

n
t

T
o
o
 s

m
a

ll 
v
o
lu

m
e

s
 t
o
 d

e
v
e

lo
p

 a
 

d
e

d
ic

a
te

d
 f

a
c
ili

ty
/t
e

c
h

n
o
lo

g
y
 

T
re

a
tm

e
n

t 
(i

n
c
in

e
ra

to
r)

 i
s
 u

n
c
e

rt
a

in
 

d
u

e
 t
o
 i
n

c
o
m

p
a

ti
b

ili
ty

 w
it
h

 a
v
a

ila
b

le
 

fa
c
ili

ty
 

O
th

e
r 

a
v
a

ila
b

le
 

tr
e

a
tm

e
n

t/
c
o
n

d
it
io

n
in

g
 m

e
th

o
d

s
 d

o
 

n
o
t 
le

a
d

 t
o
 a

 w
a

s
te

 f
o
rm

 t
h

a
t 
is

 

c
o
m

p
a

ti
b

le
 w

it
h

 s
u

rf
a

c
e

 o
r 

g
e

o
lo

g
ic

a
l 

N
o
 o

r 
p

o
o
r 

p
u

b
lic

 a
c
c
e

p
ta

n
c
e

 o
f 

th
e

 

fo
re

s
e

e
n

 s
o
lu

ti
o
n

 

L
a

c
k
 o

f,
 o

r 
p

o
o
r 

k
n

o
w

le
d

g
e

 i
n

 w
a

s
te

 

m
a

n
a

g
e

m
e

n
t 
 

Austria x x

Belgium x x x x

Bulgaria x x

Cyprus

Czech Republic

Denmark x    x

France   x x

Germany

Greece  x  

Hungary  

Lithuania

Netherlands  x

Poland    

Portugal x x x x x x

Romania x x x

Slovakia

Slovenia x

Spain x

Sweden

Ukraine  x x

UK   x x



EURAD Deliverable 9.4 - Overview of existing work on categorization/classification of RWs in 
participating states 

 

EURAD (Deliverable n° 9.4) - Overview of existing work on categorization/classification of RWs 
in participating states 
Dissemination level: PU 
Date of issue of this report: 19/05/2021   

Page 50  

 
Figure 9: Distribution of the main difficulties encountered in the management of spent ion exchange 

resins 

The question of spent ion exchange resins (SIERs) is in direct link with sludgeôs issues, insofar as these 

two types of challenging waste are derived from water treatment and filtration processes. Thirteen MS 

(Austria, Belgium, Bulgaria, Denmark, France, Greece, Netherlands, Portugal, Romania, Slovenia, 

Spain, Ukraine and UK) identify the management of SIERs as a challenge.  

Indeed, the MS emphasize the fact that the radiological and chemical characterisation of the SIERs is 

frequently unknown (see Figure 9). Used as primary and secondary circuit filters in NPPs, it is commonly 

admit that SIERs can include radionuclides like activation products as well as various chemicals. 

However, the exact characterisation is unclear and some MS like Romania reveals that up to now, no 

radiological characterisation is performed on its own SIERs. For its part, Ukraine details in its 

questionnaire that 134Cs, 137Cs, 60Co, 54Mn (global activity of 1013 Bq) can be found in its SIERs, as well 

as corrosion products and chemical additives. Bulgaria also mentioned activity about 1013 Bq for its 

filtering materials (ion-exchange resins). 

The complex radiological and chemical inventory of those waste lead to important issues regarding to 

the treatment and the conditioning. On this topic, Spain specifies that difficulties are at stake in the 

treatment of SIERS to reduce their volumes. Regarding conditioning, Slovenia mentions that resins 

conditioned with in drum drying system could swell in contact with water. Denmark indicates that in the 

past; SIERs have been cast in drums with bitumen, and the knowledge related to the precise 

characterisation of these drums is poor. Belgium, Greece and Spain intent to condition these resins in 

a cement matrix. Spain is currently determining the capability of the matrix to contain a maximum amount 

of resins that will allow enough long term retaining capabilities. The elaboration of innovative matrixes 

is also ongoing in the Spanish research. In the case of Belgium, resins have been conditioned in cement 

matrix since the 1980s. However, as it has been mentioned in the section 5.3, in 2013, a gel-like 

substance has been observed in some packages and the conditioning process has been stopped since 

then. Other member states are still looking for an appropriate matrix, as for instance Ukraine which is 

testing the immobilisation of reactive chemicals in non-organic geopolymer matrix. Note that treatment 
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by incineration is ongoing notably in Austria which ïin former time- used its incineration facility to treat 

foreign waste. For its part, the Netherlands are studying the use of plasma incineration to treat the resins. 

It is worthy to also note that after studies on the use of plasma treatment technology, a Plasma Melting 

Facility is being commissioned in Bulgaria.  

Finally, it should be noticed that the disposal of these waste remains unknown for some MS. In Romania 

for instance, the SIERS are, for now, stored under water in storage vaults made of reinforced concrete 

lined with epoxy pending appropriate treatment and final disposal. It is notably mentioned in its 

questionnaire that ñonly fuel contact resins would accomplish the WAC for near surface disposal; the 

non-fuel contact resins, due to the theoretical high C-14 inventory shall disposed of in the future 

geological disposal facilityò. 

In conclusion, SIERs represent a widespread class of challenging waste. Most of the difficulties to find 

a management strategy arise from the fact that SIERs are not compatible with the usual condition matrix.  

To our knowledge and despite the huge amount of unconditioned SIERs across Europe, no specific EC 

programme has addressed this topic yet. So, even if this deliverable is not intended to suggest and 

define future R&D topics, it should be mentioned that the development of characterisation and treatment 

solutions would represent a huge technological advance.  
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Table 9: Difficulties encountered by each member state in the management of bituminized waste 
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Figure 10: Distribution of the main difficulties encountered in the management of bituminized waste 

Most of the bituminized waste correspond to the conditioning of spent resins and effluent sludge, often 

associated with fuel reprocessing plants. Bitumen was indeed the matrix mainly used from the 1960s to 

stabilize those reactive waste. Today, various MS are looking for solutions for the management of 

bituminized waste (Belgium, Bulgaria, Denmark, France, Lithuania, Ukraine and UK).  

As Belgium points out, bituminized waste can be homogeneous or heterogeneous and contain both 

radionuclides and chemicals (notably salts). In the particular case of Belgium, the homogeneous 

bituminized waste have medium activity (around 1 Sv/h) and the heterogeneous ones have low activity 

(from 0.1 to 1 mSv/h).  

As Figure 10 shows, the main difficulty encountered by the MS when dealing with those bituminized 

waste is the question of their compatibility with the envisaged disposal and the disposal itself. Indeed, 

as France has underlined it in its questionnaire, the bituminized wastes have a potential for exothermic 

chemical reactions. Belgium also highlights that radiolysis and chemical reactions can cause swelling of 

the bitumen matrix and corrosion of the packaging. This raises various questions related to safety. 

Belgium notably specifies that for the medium active bituminised waste, the compatibility with geological 

disposal is currently uncertain. And it is the same for the compatibility between their low active 

bituminised waste and their surface disposal. France, for its part, has launched an R&D program to 

demonstrate the safety of bituminized waste behaviour in deep geological disposal, regarding fire risks 

in particular. In addition to that, France is also studying methods of processing and conditioning 

bituminous mixtures combining chemical and thermal processes. Ukraine also underlines the fact that 

those wastes were conditioned in absence of WAC for disposal.  

Regarding Lithuania, a project is currently considering transforming the legacy bitumen storage facility 

into a repository. In Denmark, bituminised wastes are considered as legacy waste and so, the lack of 

information on radiological and chemical inventory makes things tougher for the management.  

 










































































