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Executive summary 

This Good Practice Guide (GPG) on Solid Radioactive Waste Characterisation has 
been developed on behalf of the Nuclear Decommissioning Authority (NDA) to 
identify and facilitate consistent application of good practice within the nuclear 
industry regarding the characterisation of solid radioactive waste.  It was produced 
with the support of the nuclear industry and involved a series of industry workshops 
(with participants from waste owners, producers, receivers and regulators) in 2017-18.   

This GPG addresses the characterisation of both radioactive and hazardous non-
radioactive contaminants1 in solid radioactive waste.  It also identifies the other 
physical and material properties of solid radioactive waste that may need to be 
characterised to determine how it will behave when it is processed, transported, 
stored or disposed.   

This GPG aligns with other relevant guidance documents and signposts out to these 
where necessary.  It is also consistent with international good practice in 
recommending the adoption of a lifecycle and systematic approach to 
characterisation.  It draws on the Data Quality Objectives (DQO) methodology and 
identifies the key considerations when scheduling characterisation activities over the 
lifecycle of a facility or project.  Within the lifecycle context, this GPG considers 
characterisation of waste for the following purposes: 

1. as part of ‘site characterisation’ or ‘facility characterisation’;  

2. as part of the waste sentencing process, to ensure waste is correctly classified / 
categorised when it is produced and complies with the WAC/CFA for treatment, 
storage or disposal solutions; and 

3. to enable the optimum waste processing solution to be selected and designed.  
Selection of the optimum waste processing solution will also ensure that waste 
packages can be safely transported, stored and disposed. 

The focus is on 2 and 3 above, as extensive guidance on site characterisation is 
already available. 

The structure of the GPG is summarised below. 

Chapter 1 describes the aims, scope and intended readership of the GPG.   

Chapter 2 describes the United Kingdom (UK) classification system for solid 
radioactive waste and introduces the UK regulatory framework for radioactive waste 
management.   

 
1  Contamination is used generically in the GPG to cover radionuclides in waste arising from 

both contamination and activation processes. 
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Chapter 3 describes the characterisation requirements of organisations responsible 
for treating or disposing of radioactive waste.  It then describes the responsibilities of 
the waste producer and gives guidance on how these responsibilities can be 
discharged. 

Chapter 4 presents a systematic process for characterising solid radioactive waste and 
gives guidance on the application of this process.  The process presented in this GPG 
aligns with the principles of DQO, but is specific to solid radioactive waste 
characterisation.   

Chapters 5 to 7 consider specific important aspects of the waste characterisation 
process: how to make best use of existing information (Chapter 5); waste 
heterogeneity (Chapter 6) and the radionuclide fingerprint (Chapter 7). 

Chapters 8 to 10 describe and provide guidance on the three approaches to waste 
characterisation: Characterisation by calculation (Chapter 8); Characterisation by non-
destructive assay (Chapter 9), and; Characterisation by sampling and analysis (Chapter 
10). 

Some analytical techniques (e.g. gamma spectrometry) can be applied to both non-
destructive assay and characterisation by sampling and analysis.  This GPG considers 
the range of applications for such techniques but, to avoid repetition, the detailed 
discussion of the technique takes place in only one chapter.  Cross-referencing is 
provided as needed. 

Chapters 8 to 10 are structured using the systematic waste characterisation process 
described in Chapter 4.  Chapter 11 gives guidance on the interpretation and 
evaluation of waste characterisation information.   

Finally, the appendices to this guidance present a series of case studies that 
demonstrate aspects of the waste characterisation process which may be used by the 
reader to better understand the principles for characterising their own wastes. 
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RWAs Radioactive Waste Advisors 
RWM Radioactive Waste Management Ltd. 
RWMC Radioactive Waste Management Case  
SAP Sampling and Analysis Plan 
SAPs ONR Safety Assessment Principles 
SEPA Scottish Environment Protection Agency 
SF Spontaneous Fission 
SFAIRP So Far As Is Reasonably Practicable 
SME Subject Matter Experts 
SQEP Suitably Qualified and Experienced Personnel 
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SSoW Safe Systems of Work 
SVOC Semi Volatile Organic Compounds 
SWESC Site Wide Environmental Safety Case 
TENORM Technologically Enhanced Naturally Occurring Radioactive Material 
TPH Total Petroleum Hydrocarbons 
TRL Technology Readiness Level 
UK United Kingdom 
UKAS United Kingdom Accreditation Service 
UK RWI United Kingdom Radioactive Waste Inventory 
US EPA United States Environmental Protection Agency 
UAV Unmanned Aerial Vehicle 
VDS Variable Depth Sampler 
VLLW Very Low Level radioactive Waste 
VOC Volatile Organic Compounds 
VSP Visual Sampling Plan 
WAC Waste Acceptance Criteria 
WAP Waste Acceptance Procedure 
WMH Waste Management Hierarchy 
WMP Waste Management Plan 
WPS Waste Package Specifications 
XRF X-ray Fluorescence  
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Glossary 

Unless otherwise marked (*), all definitions in this glossary are reproduced from the 
2018 version of the IAEA Safety Glossary. 

Activation.  In the context of nuclear installations, activation is used to refer to the 
unintentional induction of radioactivity in moderators, coolants, and structural and 
shielding materials, caused by irradiation with neutrons. 

Activation product.  A radionuclide produced by activation. 

Activity.  The quantity A for an amount of radionuclide in a given energy state at a 
given time, defined as: A(t) = dN/dt, where dN is the expectation value of the number 
of spontaneous nuclear transformations from the given energy state in the time 
interval dt. 

Best Available Techniques*.  The latest stage of development of processes, facilities 
or methods of operation which is practicable, suitable and appropriate to limit waste 
arisings and disposals. 

Best estimate*.  A best estimate returns a value for the waste characteristic that is 
believed to be representative.  A best estimate can be produced for any statistic, such 
as the mean, the median, or a given percentile of a group of measurements.  This 
GPG is generally concerned with the best estimate of the mean. 

Cautious estimate*.  In the context of this GPG, a cautious value for the waste 
characteristic is a value that is known to be cautious with respect to the decision to 
be made or the process to be designed.  In some circumstances, the cautious value 
may be the upper limit or ‘bounding value’, where this can be determined with 
confidence. 

Characterisation*.  Determination of the physical, mechanical, chemical, radiological 
and/or biological properties of radioactive waste to establish the need for further 
adjustment, treatment or conditioning, or its suitability for further handling, 
processing, storage or disposal. 

Characterisation Plan*.  Document that presents and justifies the proposed 
approach to waste characterisation and provides the rationale for the chosen 
characterisation approach.  It describes the characterisation objective relevant to a 
single phase of characterisation (campaign).  The Characterisation Plan does not 
describe how new characterisation information is to be acquired.  This information is 
contained in the Data Acquisition Plan, a lower level document to be linked to the CP.  
The Data Acquisition Plan should be produced after the characterisation approach 
proposed in the Characterisation Plan has been approved, to avoid nugatory work in 
the event that the Characterisation Plan is significantly changed during review. 
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Clearance.  Removal of regulatory control by the regulatory body from radioactive 
material or radioactive objects within notified or authorised facilities and activities. 

Conditioning.  Those operations that produce a waste package suitable for handling, 
transport, storage and / or disposal.  Conditioning may include the conversion of the 
waste to a solid waste form, enclosure of the waste in containers and, if necessary, 
provision of an overpack.   

Consignment.  Any package or packages, or load of radioactive material, presented 
by a consignor for transport. 

Contamination*.  Radioactive or hazardous non-radioactive (chemical) substances 
on surfaces, or within solids, liquids or gases (including the human body), where their 
presence is unintended or undesirable, or the process giving rise to their presence in 
such places. 

Data Acquisition Plan*.  Document that specifies the data acquisition activities such 
as the specifications of nucleonic calculations, number and type of samples and the 
analytical schedule including the required limits of detection and measure accuracy.  
The DAP is a lower level document than the Characterisation Plan and is linked to it. 

Data validation*.  The process of determining whether a product or service is 
adequate to perform its intended function satisfactorily. 

Data verification*.  The process of determining whether the quality or performance 
of a product or service is as stated, as intended or as required.  Verification is closely 
related to quality assurance and quality control. 

Decontamination.  The complete or partial removal of contamination by a deliberate 
physical, chemical or biological process.  This definition is intended to include a wide 
range of processes for removing contamination from people, equipment and 
buildings, but to exclude the removal of radionuclides from within the human body 
or the removal of radionuclides by natural weathering or migration processes, which 
are not considered to be decontamination.   

Disposal.  Emplacement of waste in an appropriate facility without the intention of 
retrieval. 

Disposal facility.  An engineered facility where waste is emplaced for disposal. 

Disposal ex situ*.  The disposal of waste following removal from its original position. 

Disposal in situ*.  On site disposal of solid radioactive waste, such as a buried 
structure, by leaving it permanently in position, together with any necessary 
preparatory work. 
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Ex situ*.  In the context of this GPG, a measurement (e.g. analysis) or activity (e.g. 
disposal) made on the waste after it has been removed from its original position.  
Contrast with ex situ. 

Fission product.  A radionuclide produced by nuclear fission.  Used in contexts 
where the radiation emitted by the radionuclide is the potential hazard. 

Good practice*.  A method or technique that is in use, and which has been found to 
give acceptable results.  ‘Good practice’ can be compared with ‘best practice’, a term 
that is not used in this GPG but is defined as ‘a method or technique that has been 
generally accepted as superior to any alternatives because it produces results that are 
superior to those achieved by other means, or because it has become a standard way 
of doing things’. 

Hazardous non-radioactive waste*.  This GPG uses the term ‘hazardous’ in its 
general sense, not the legal definition as used in the Water Framework Directive or 
Waste Framework Directive.  It describes a waste that is hazardous because of the 
non-radioactive contents. 

Higher activity waste*.  Higher activity radioactive waste is a broad term, which 
comprises all HLW and ILW, as well as certain wastes categorised as LLW but which 
are not currently suitable for disposal in existing LLW facilities. 

Immobilisation.  Conversion of waste into a waste form by solidification, embedding 
or encapsulation.  Immobilisation reduces the potential for migration or dispersion of 
radionuclides during handling, transport, storage and / or disposal. 

In scope*.  An article or substance that is ‘radioactive’ and so subject to regulation 
under Radioactive Substances Regulation because it contains levels of activity that 
exceed those specified in the Exemptions Provisions. 

In situ*.  In the context of this GPG, a measurement (e.g. analysis) or activity (e.g. 
disposal) made on the waste whilst it remains in its original position.  Contrast with ex 
situ. 

Intermediate level waste.  Radioactive waste that, because of its content, in 
particular its content of long lived radionuclides, requires a greater degree of 
containment and isolation than that provided by near surface disposal.   

Knowledge management.  An integrated, systematic approach to identifying, 
managing and sharing an organisation’s knowledge and enabling groups of people 
to create new knowledge collectively to help in achieving the organisation’s 
objectives. 

Licensed Nuclear Site*.  (a) any site in respect of which a nuclear site licence is in 
force, or (b) any site in respect of which a period of responsibility has not ended. 
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Lower activity waste*.  Lower activity radioactive waste comprises wastes 
categorised as LLW that are currently suitable for disposal in existing LLW or VLLW 
facilities. 

Low level waste.  Radioactive waste that is above clearance levels, but with limited 
amounts of long lived radionuclides.   

Monitoring*.  In the context of this GPG, the routine measurement of a characteristic 
or property during waste storage or treatment to ensure the storage or treatment 
process is operating as it should be. 

Nucleonics*.  The branch of science that deals with nuclear phenomena, as 
radioactivity, fission, or fusion, especially practical applications, as in industrial 
engineering. 

Out of Scope*.  An article or substance containing levels of radioactivity below those 
specified in the relevant Exemption Provisions, which is therefore effectively ‘not 
radioactive’ and is not therefore subject to control under RSR. 

Overpack*.  A secondary (or additional) outer container for one or more waste 
packages, used for handling, transport, storage and / or disposal. 

Packaging.  One or more receptacles and any other components or materials 
necessary for the receptacles to perform containment and other safety functions 

Pre-disposal management.  Any waste management steps carried out prior to 
disposal, such as pre-treatment, treatment, conditioning, storage and transport 
activities.   

Pretreatment.  Any or all of the operations prior to waste treatment, such as 
retrieval, segregation, chemical adjustment and decontamination. 

Processing.  Any operation that changes the characteristics of waste, including 
pretreatment, treatment and conditioning. 

Quality Assurance.  The function of a management system that provides confidence 
that specified requirements will be fulfilled. 

Quality Control.  Part of quality assurance intended to verify that structures, systems 
and components correspond to predetermined requirements. 

Radionuclide fingerprint*.  The radionuclide fingerprint describes the expected 
pattern of radionuclide activities in an article or substance.  If the activity of one 
radionuclide in the fingerprint is known or can be measured, scaling the fingerprint 
by the appropriate factor provides an estimate of the activities of other radionuclides.  
Typically, a fingerprint will be scaled by a factor that reproduces the measured activity 
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for an easy-to-measure radionuclide and so gives an estimate for the radionuclides 
that are harder to measure.  Box 7-2 gives a mathematical definition. 

Radioactive Substances Regulation*.  An umbrella term that encompasses all policy 
and regulations related to the control of radioactivity that fall under the regulatory 
responsibilities of the environment agencies in England, Northern Ireland, Scotland 
and Wales.  The RSR regime covers several aspects of European Directives, most 
notably the Basic Safety Standards Directive, and also implements various 
Government policies and strategies.  An umbrella term that encompasses all policy 
and regulations related to the control of radioactivity that fall under the regulatory 
responsibilities of the environment agencies. 

Radioactive waste management.  All administrative and operational activities 
involved in the handling, pretreatment, treatment, conditioning, transport, storage 
and disposal of radioactive waste. 

SAFEGROUNDS*.  A Learning Network forum for developing and disseminating 
good practice guidance on the management of radioactively and chemically 
contaminated land on nuclear and defence sites in the UK. 

Scaling factor*.  A factor that is applied to a fingerprint to generate estimates of the 
activities of all the radionuclides that are included in that fingerprint.  Box 7-2 gives a 
mathematical definition. 

Segregation.  In the context of this GPG, an activity where types of waste or material 
(radioactive or exempt) are separated or are kept separate on the basis of 
radiological, chemical and / or physical properties, to facilitate waste handling and / 
or processing.   

Site characterisation*.  In the context of this GPG, surface and subsurface 
investigations and activities at a site to determine the conditions at the site relevant 
to the management of contaminated land. 

Site-wide Environmental Safety Case*.  A documented set of claims, made by the 
operator of a nuclear site, to demonstrate achievement by the site as a whole of the 
required standard of environmental safety.  Where relevant, the SWESC includes the 
environmental safety case for any on-site disposal facility and waste disposed in-situ.  
The SWESC also takes account of contributions to the combined impact on 
representative person from adjacent nuclear sites, and from areas of contamination 
and previously permitted disposals outside the site. 

So Far As Is Reasonably Practicable (SFAIRP)*.  Under the Health and Safety at 
Work Act, employers are required to ensure that duties are met SFAIRP.  As Low As 
Reasonably Practicable (ALARP) and SFAIRP require the same tests to be applied are 
synonymous, though the terms are not interchangeable in legal proceedings.   
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Specific Activity.  The specific activity of a material is the activity per unit mass or 
volume of the material in which the radionuclides are essentially uniformly 
distributed. 

Storage.  The holding of radioactive sources, radioactive material, spent fuel or 
radioactive waste in a facility that provides for their / its containment, with the 
intention of retrieval. 

Transport.  The deliberate physical movement of radioactive material (other than 
that forming part of the means of propulsion) from one place to another. 

Treatment.  Operations intended to benefit safety and / or economy by changing the 
characteristics of the waste with the aim of producing an appropriate waste form.  If 
treatment does not result in an appropriate waste form, the waste may be 
immobilised.  Three basic treatment objectives are: 

• volume reduction; 

• removal of radionuclides from the waste; and 

• change of composition. 

Very low level radioactive waste.  A subcategory of Low Level Waste – radioactive 
waste that does not necessarily meet the criteria of exempt waste, but that does not 
need a high level of containment and isolation and, therefore, is suitable for disposal 
in landfill type near surface repositories with limited regulatory control. 

Volume reduction.  A treatment method that decreases the physical volume of a 
waste.  Typical volume reduction methods are mechanical compaction, incineration 
and evaporation.  It should not be confused with waste minimisation. 

Waste Acceptance Criteria.  Quantitative or qualitative criteria specified by the 
regulatory body, or specified by an operator and approved by the regulatory body, 
for radioactive waste to be accepted by the operator of a repository for disposal, 
treatment, or storage facility. 

Waste minimisation.  The process of reducing the amount and activity of radioactive 
waste to a level as low as reasonably achievable, at all stages from the design of a 
facility or activity to decommissioning, by reducing the amount of waste generated 
and by means such as recycling and reuse, and treatment to reduce its activity, with 
due consideration for secondary as well as primary waste.  It should not be confused 
with volume reduction. 

Waste package.  The product of conditioning that includes the waste form and any 
container(s) and internal barriers (e.g. absorbing materials and liner), as prepared in 
accordance with requirements for handling, transport, storage and / or disposal. 
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1 Introduction 

1.1 Aims and intended readership 

The aim of this document it to provide good practice guidance for characterising 
solid radioactive waste from Licensed Nuclear Sites (LNSs) and other sites in the 
United Kingdom (UK) authorised or permitted under Radioactive Substances 
Regulations (RSR2).   

This document considers characterisation for all waste management activities and 
options: waste retrieval, treatment, packaging, transport, storage and disposal3.  
Figure 1-1 identifies key activities in the waste management process.   

 

Figure 1-1 Key activities in radioactive waste management (based on 
International Atomic Energy Agency (IAEA) [1]) 

 
2  RSR is an umbrella term that encompasses all policy and regulations related to the 

control of radioactivity that fall under the regulatory responsibilities of the environment 
agencies. The RSR regime covers several aspects of European Directives, most notably 
the Basic Safety Standards Directive, and also implements various Government policies 
and strategies. 

3  The earliest characterisation activities may be undertaken on materials before they 
become waste, for example as part of facility or site characterisation. Therefore, strictly, 
this GPG also includes the characterisation of materials destined to become solid Low 
Level radioactive Waste (LLW) or Intermediate Level radioactive Waste (ILW).  For 
brevity, this GPG subsequently refers to all such materials and radioactive wastes as 
‘waste’, unless otherwise stated. 
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The intended readership of this Good Practice Guide is: 

• site staff on LNSs within the Nuclear Decommissioning Authority (NDA) estate; 

• site staff on LNSs outside the NDA estate; 

• staff at organisations that use radioactive material and create radioactive waste 
but are not part of the nuclear sector under the Nuclear Installation Act 1965 
(as amended); and 

• contractors and regulators involved in radioactive waste management.   

In preparing this document it is understood that the readership will have varying 
knowledge, experience and background.  This document is therefore designed to: 

• provide less experienced technical staff with a better understanding of why 
and how waste characterisation is carried out, and of specific issues relevant 
to the characterisation of solid radioactive waste on UK sites; 

• act as a ‘quick reference guide’ for more experienced technical staff, by 
summarising key issues and signposting relevant existing relevant good 
guidance; 

• support managers to ensure that solid radioactive waste management is 
undertaken in a manner that protects people and the environment; and, 

• facilitate a consistent approach to waste characterisation that aligns to 
relevant good practice. 

This GPG only considers characterisation of radioactive waste during the normal life 
cycle of nuclear facilities (from design to decommissioning).  It does not consider 
characterisation following a major nuclear accident.  Guidance on waste 
characterisation after major accidents is available in documents such as Organisation 
for Economic Co-operation and Development (OECD) / Nuclear Energy Agency (NEA) 
report Management of radioactive waste after a nuclear power plant accident [2]. 

In facilitating a consistent approach to waste characterisation, this document will: 

• help waste producers to obtain sufficient and suitable information to 
appropriately sentence waste and meet the requirements of organisations 
that process, store, transport and dispose of radioactive waste; 

• help waste producers characterise waste in a manner that enables the 
development of optimised processing, transport, storage and disposal 
solutions.  This will support the optimised development and use of our 
national waste infrastructure and the application of the waste management 
hierarchy; 

• support compliance with regulatory requirements; and 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 3 

 

• help to maintain stakeholder confidence that radioactive waste is being 
managed and disposed of appropriately. 

This scope of this GPG is broad (see subsection 1.4).  The GPG identifies key strategic 
and technical issues for waste characterisation and provides guidance on principles 
and approaches.  This document is not a detailed technical manual of specific 
techniques or technologies.  References to such documents are provided.   

Box 1-1 Preparation and maintenance of this GPG 

This, the first, version of the guidance was prepared by Wood during the period September 
2017 to November 2019.  The document was developed in conjunction with stakeholders 
across the UK nuclear industry including characterisation practitioners, supply chain, 
regulators, and NDA.  A series of stakeholder workshops were held to discuss the structure, 
content and direction of the document at various stage of the document’s development.   

This document will be maintained on the NDA Knowledge Hub, and will be routinely 
updated to reflect developments in the approach to characterisation and to 
characterisation techniques.  The current version (Issue 1) reflects the position at September 
2019.   

1.2 How to use this document 

This Good Practice Guide (GPG) is not intended to be prescriptive.  It is recommended 
that all stages of the characterisation process should be led by Suitably Qualified and 
Experienced Personnel (SQEP), with different skills as required for different steps.  This 
approach will allow the guidance to be applied in a way that is proportionate to each 
specific characterisation activity. 

It is recommended that less experienced technical staff read the main text of this 
document and those boxes relevant to their work.  Types of boxes are described 
below. 

To enable this document to act as a ‘quick reference guide’, it is recommended that 
more experienced technical staff read Chapters 1 and 4 and the ‘key good practice 
points’ and ‘possible pitfalls’ boxes at the ends of Chapters 5 to 11.  Further targeted 
reading in Chapters 5 to 11 would be informed by reading the ‘key good practice 
points’ and ‘possible pitfalls’ boxes.  It is also recommended that more experienced 
technical staff review the list of boxes and tables on pages ix – xi to identify 
additional information that would be relevant to them.   

Text boxes are included throughout this document.  They are of the following types. 

Blue boxes are located at the start of each chapter.  They contain information on 
what the chapter covers, state what knowledge the reader should be able to gain 
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from the chapter and provide ‘navigation’ directions to key sections for more 
experienced technical staff. 

Green boxes contain more detailed definitions of specific terms or expand on issues 
covered in the main body of the text.   

Yellow boxes contain lists of questions, information sources and other examples that 
enable the reader to design and implement a characterisation programme. 

1.3 Why is this guidance needed? 

Much guidance already exists and is used by site operators in designing waste 
characterisation programmes.  Why is a new GPG required now? 

• A previous NDA Direct Research Portfolio (DRP) project ‘Review of solid waste 
characterisation challenges and opportunities’ [3] undertook a review of waste 
characterisation practices in the UK nuclear industry to identify opportunities 
to improve characterisation strategies and activities.  This involved 
characterisation experts from across the nuclear sector, and an opportunity 
was identified to produce a GPG on waste characterisation.  Office for Nuclear 
Regulation (ONR), NDA and the relevant environment agencies (Environment 
Agency (EA), Scottish Environment Protection Agency (SEPA), Natural 
Resources Wales (NRW)), and Northern Ireland Environment Agency (NIEA)4 
support production of such a GPG [4]. 

• EA, SEPA and NRW have undertaken a ‘themed inspection’ of radioactive 
waste producers.  The report from these inspections [5] identified examples of 
good characterisation practice and concluded that characterisation practice is 
improving, in particular as a result of the development of characterisation 
management arrangements which require systematic planning.  Areas where 
improvements could be made to the characterisation of solid radioactive 
waste were also identified; recommendations from the report are summarised 
in Box 1-2. 

• Further follow up work will be carried out by EA, SEPA and NRW to determine 
whether the recommendations in Reference [5] have been acted on.  The use 
of this GPG will help site operators address these recommendations for 
improvements.   

In summary, the nuclear sector has recognised the importance of characterisation 
good practice in supporting the development and implementation of 
decommissioning strategies/plans (and the optimisation of associated costs through 
reduction in technical risks); waste prevention, minimisation and appropriate disposal 
of unavoidable waste; compliance demonstration; evaluation and optimisation of 

 
4  As there are no LNSs in Northern Ireland the NIEA is excluded from further discussion in 

the document. 
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worker radiation doses; and maintaining public confidence. This GPG is intended to 
support the successful delivery of these outcomes. 
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Box 1-2 Recommendations by the environment agencies from recent 
(2016) themed inspections of radioactive waste producers 

Management arrangements.  Operators should ensure that they have, and implement, 
written characterisation management arrangements which provide appropriate information 
to support the application of best available techniques to manage and minimise radioactive 
waste.  A lifecycle approach to characterisation should be taken. 

Strategies and plans.  Operators should ensure that appropriate characterisation plans are 
developed using systematic planning and covering all relevant aspects of the 
characterisation process.  Plans should be developed within a wider facility or project 
lifecycle characterisation strategy to maximise the value realised from a characterisation 
campaign and demonstrate that overall Best Available Techniques (BAT) / Best Practicable 
Means (BPM) have been used.   

Operators should have sampling plans and procedures in place in order to ensure that 
representative samples are obtained which enable characterisation objectives to be met.  
Delivery of the plan should be supported by Suitably Qualified and Experienced Personnel 
(SQEP). 

Competency and resources.  Operators should ensure that adequate resourcing and training 
for characterisation is provided, based on appropriate forecasting of future work and 
recognising the potential demands of changing operational regimes.  Operators should 
ensure that arrangements for the specification, scrutiny and management of third party 
characterisation work are sufficient to ensure that Intelligent Customer (IC) roles are being 
appropriately exercised. 

Techniques.  Operators should ensure that the limitations and uncertainty associated with 
their characterisation techniques (including modelled and inferred techniques) and the 
results obtained are understood, specified and taken into account when evaluating results 
and taking associated decisions.  The level of acceptable uncertainty should be consistent 
with the characterisation objectives.   

Operators using inferred or modelling characterisation techniques combined with 
measurement should consider if direct (radionuclide-specific) techniques would better 
support BAT / BPM than the use of dose rate measurements.  Such direct techniques may 
reduce uncertainty and support the use of BAT / BPM to manage and minimise radioactive 
waste, having both environmental and financial benefits. 

Operators should ensure that where fingerprints or scaling factors are used: they are 
supported by appropriate sampling strategies; they are periodically validated to ensure they 
continue to be applicable; and the limitations of the approach are both clearly described 
and understood by users.   

Evaluation and records.  Operators should ensure that sufficient information is provided with 
waste consignments to enable the receiver to identify waste within the consignment and to 
allow subsequent treatment and management using the waste management hierarchy.  
Associated procedures, for example, updates to Waste Acceptance Criteria (WAC), should be 
updated as necessary by the consigning site and relevant staff training undertaken. 
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Review, quality assurance and learning from experience.  Operators should ensure quality 
assurance of the whole characterisation process including sampling and contracted 
characterisation services.  Internal oversight teams should include waste characterisation 
within their programmes.   

1.4 Scope and application of this guidance 

This GPG describes the main reasons why waste is characterised, and provides 
guidance on appropriate characterisation approaches and techniques to achieve 
specific characterisation objectives.  The scope of this GPG is given below, divided 
into four broad areas: waste; waste characteristics; characterisation objectives and 
characterisation techniques. 

1.4.1 Waste 

Box 1-3 sets out which types of radioactive waste are considered in this GPG, and 
which are excluded.   
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Box 1-3 Radioactive waste categories considered in this GPG 

Included Excluded 

All solid Lower Activity Waste (LAW).  
This comprises: 

• Very Low Level radioactive Waste 
(VLLW), and; 

• Low Level radioactive Waste (LLW) 
that can be disposed to existing LLW 
disposal facilities. 

Waste that is exempt or Out of Scope (OoS) 
with regards to RSR.   

Technical guidance on the clearance and 
radiological sentencing of exempt or OoS 
waste has already been produced by the 
Nuclear Industry Safety Director Forum* [6]. 

Some solid Higher Activity Waste (HAW).   

• Intermediate Level radioactive Waste 
(ILW), and; 

• Low Level radioactive Waste (LLW) 
that is unsuitable for disposal in 
existing LLW disposal facilities.   

Some solid Higher Activity Waste (HAW).   

• High Level radioactive Waste (HLW).  
HLW is excluded as it is relatively 
homogenous (through the vitrification 
process) and well-characterised 

Liquids and sludges that are precursors 
to solid radioactive waste  

Liquid wastes that are treated at liquid 
effluent plants and discharged to the 
environment in liquid form 

 Gaseous effluents 

* The clearance and radiological sentencing good practice guide details the principles, 
processes and practices that should be used when determining whether an article or 
material may be released from any further controls on the basis of radiological 
protection considerations.  It identifies approaches to segregate radioactive or 
potentially radioactive substances and articles from non-radioactive (or ‘Out of Scope’) 
substances and articles. 

1.4.2 Waste characteristics 

This GPG considers waste characteristics are required for the following. 

1. To determine the concentrations of contaminants in solid radioactive waste.  The 
GPG considers both radioactive contaminants (including activation products) and 
hazardous non-radioactive contaminants.   

• Characterisation of radioactive properties of waste, such as radionuclide 
activity concentrations, total activity inventories and external dose rate, is 
required to enable correct classification and sentencing of waste and to enable 
safe treatment, packaging, transport, storage and disposal options to be 
developed. 
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• Characterisation of waste for hazardous non-radioactive substances is required 
because constraints will apply on the concentrations and inventory, or even 
presence, of some hazardous substances for some waste management options.  
Hazardous substances can therefore be a significant factor when developing 
waste management options.   

2. To determine how the waste will behave when it is processed, transported, stored or 
disposed. 

• An understanding5 of relevant physical and material characteristics of the 
waste is required for several reasons.  For example, an understanding of the 
physical size, material components and flow characteristics / viscosity of raw 
waste is needed to enable design of a waste retrieval process.  Or, for example, 
an understanding of the total potential voidage in waste is required to 
understand the likely future settlement of waste, which can be detrimental in 
the disposal facility6.   

• Chemical and biological processes can result in significant changes to the 
waste and any encapsulant and container, which can impact the subsequent 
performance of the waste package.  For example, the degradation of organic 
materials and the anaerobic corrosion of metals will give rise to a range of 
radioactive and non-radioactive gases.  Characterisation of the waste and 
other components of the waste packages is required to predict the timing, 
nature and quantities of any gas produced. 

Substantial guidance on managing waste containing non-radioactive hazardous 
substances is already available.  This GPG describes why characterisation of non-
radioactive hazardous substances is necessary, and the approaches to 
characterisation.  It signposts out to existing guidance on the subject.  Key existing 
guidance is listed in Box 1-5.   

 
5  This GPG uses ‘understanding’ to mean a level of understanding suitable to make the 

required decision. It is recognised that decision-making will involve a level of uncertainty. 
6  Hence, for example, the LLW Repository Ltd’s Waste Acceptance Criteria (WAC) place 

maximum limits on total potential voidage in waste containers. 
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1.4.3 Lifecycle context for waste characterisation approach 

In line with international guidance [7] and recommendations from the environment 
agencies [Box 1-2], this GPG recommends that characterisation is undertaken in the 
context of both the facility lifecycle and the waste management lifecycle.  Both 
aspects need consideration in order to optimise necessary characterisation. 

The GPG considers waste characterisation over the full lifecycle of a nuclear facility:  

• the construction and licensing of the facility;  

• the operation of the facility, including periodic refurbishment;  

• the transition phase, after completion of operations.  This phase includes the 
removal of some waste and contaminated items from the facilities as part of 
the Post Operational Clean Out (POCO) and characterisation of the structure of 
the facility; and 

• decommissioning and remediation of the facility, and management of 
contained radioactive waste, ultimately leading to release of the facility from 
RSR.   

This will entail planning characterisation for waste that has yet to be generated as 
well as for waste that has already been produced. 

Adopting a ‘lifecycle approach’ provides the opportunity to optimise characterisation 
objectives at different stages in the lifecycle, to optimise timings of characterisation 
activities and to record and manage information so that it can be used for secondary 
purposes (i.e. to address multiple characterisation objectives).  This can result in 
significant cost savings.   

Figure 1-2 shows the lifecycle of a generic nuclear facility, modified from Figure 2.1 of 
Reference [7].  The three broad purposes of waste characterisation are shown in 
different colours in the box at the right-hand side of the figure; further information is 
given in subsection 1.4.3.  The central box in the figure contains illustrative 
characterisation objectives for each of these three purposes (colour-coded as for the 
right-hand box) and shows how these characterisation objectives can change over 
the course of the lifecycle. 

A ‘lifecycle approach’ to waste characterisation does not mean a ‘just in time’ 
approach to characterisation or always acquiring only the data needed to achieve the 
immediate characterisation objective.  Box 1-4 identifies some of the key technical 
issues to consider when scheduling characterisation activities over the lifecycle of a 
facility or project.  The objective is to optimise the number of phases of 
characterisation, the timing of the phases and the information acquired in each 
phase.  Remember that ‘when to characterise’ can be as important as ‘what to 
characterise’. 
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Figure 1-2 Lifecycle approach to the characterisation of a generic nuclear 

facility, showing how characterisation objectives change over the 
lifecycle (modified version of Figure 2.1 in Reference [7]) 
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Box 1-4 Technical issues to consider when scheduling characterisation 
activities over the lifecycle of a facility or project 

What are the opportunities for characterising the waste? Identify the points or periods in the 
waste management timeline when it would be possible to characterise the waste.  For 
example: (i) materials could be characterised before the waste is produced, which would 
enable waste routes to be confirmed in advance and could avoid waste storage, and; (ii) 
sludges could be sampled and characterised when they are in the storage pond prior to 
retrieval or in a buffer tank after retrieval from the pond and prior to processing. 

When would it be easiest / most efficient to characterise the waste? Characterisation to 
determine contaminant concentrations is often both easier and more efficient prior to 
waste conditioning, but needs to consider whether conditioning changes the contaminant 
concentrations (e.g. by diluting or concentrating them, or by destroying them or through 
loss to liquid or gaseous effluents). 

What does the project timeline look like? Big gaps in the timeline (e.g. due to prolonged 
storage of raw waste after retrieval but before conditioning) favour phased characterisation.  
Conversely, a short timeline would likely favour a single phase of characterisation or a small 
number of characterisation phases.  Recognise that it may not be possible to define and 
obtain all required information in a single cycle of characterisation. 

What is the project risk of missing the opportunity to characterise the waste? When 
considering the facility or project lifecycle, recognise that plans can change and identify the 
consequences of such changes to waste characterisation.  For example, characterisation is 
deferred to a specific point in the waste management process when it is most efficient, but 
changes to the plan mean that characterisation is no longer possible at that stage.  This 
results in a missed opportunity – either forever, or involving significant effort / cost to 
rectify. 

How much effort goes into obtaining the characterisation information? The choice of 
whether to obtain as much information as possible in a single characterisation campaign or 
whether to undertake a series of smaller, more focused, characterisation campaigns over 
the lifecycle of the facility or project should take account of factors including the difficulty 
of acquiring the measurement.  The greater the difficulty / effort, the more likely it is that a 
single or a small number of characterisation events is advisable from the perspective of 
controlling costs and keeping personnel dose to As Low as Reasonably Practicable (ALARP).  
The inclusion of additional tests will be a marginal cost.  For example, most of the 
effort/cost in off-site pipeline characterisation will be in accessing the inside of the pipeline 
and moving the detector along the pipeline. 

How heterogeneous is the waste? It is important to generate a coherent dataset; that is, one 
in which measurements of different waste characteristics are self-consistent, having been 
made on waste with similar properties.  The representative or targeted nature of the 
samples should be demonstrated separately by statistical justification or expert judgement.  
The more heterogeneous the waste, the more important it is to obtain wide-ranging 
characterisation information on the same (or similar) samples. 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 13 

 

Is the property being measured constant or might it change with time? Some radiological, 
physical and chemical properties of waste change with time in potentially unknown ways.  
For example, the fingerprint of a spent fuel element in contact with pond water, the 
rheological properties of sludges or the extent of corrosion of a reactive metal.  If such 
characterisation is undertaken too early, the measured properties may not be 
representative at the point of waste processing.   

When planning the approach and scheduling of characterisation activities, 
characterisation should be considered as a normal operation that needs to be 
optimised in terms of reducing the risk to the health and safety of workers and other 
persons (ALARP).  This issue should be considered alongside the technical issues in 
Box 1-4 when scheduling characterisation activities. 

There is unlikely to be a single ‘correct’ answer to phasing characterisation activities, 
particularly given the uncertainties inherent at the outset of the characterisation 
process.  Using the issues in Box 1-4 to develop an approach does, however, 
demonstrate that thought has been given to the problem and would provide defence 
against arbitrary changes to the timing and scope of characterisation activities.  
Recognise that choosing not to characterise or to defer characterisation can have 
consequences on the subsequent design and programme of waste management 
activities.  Money saved ‘up front’ through reducing or deferring characterisation is 
often small compared to extra costs incurred later through inadequate 
characterisation.   

1.4.4 Waste characterisation purposes 

Within the lifecycle context, this GPG considers characterisation of radioactive 
materials and waste for three broad purposes, which are described below. 

1. As part of ‘site characterisation’ or ‘facility characterisation’ 

• Facility or site characterisation is undertaken on waste, or materials that may 
subsequently become waste, whilst in situ -  before decisions are made 
regarding the processing, transport, storage or disposal of the waste.   It 
involves analytical measurements made directly on in situ materials such as the 
concrete structure of the facility or any contaminated land, and the collection 
of samples for subsequent analysis.  Facility characterisation or site 
characterisation is likely to be undertaken during the Operation or Transition 
(to decommissioning) phases. 

• Facility or site characterisation is used to optimise deconstruction/remediation 
methods and improve waste forecasting to help strategic decision making.  It 
supports the development of decommissioning and waste management plans 
that facilitate the application of the waste management hierarchy through 
tailoring the deconstruction/remediation approach and allowing waste 
segregation and the minimisation of radioactive waste.   
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• Facility or site characterisation is also generally used to develop a conceptual 
model for the facility or surrounding land.  The conceptual model can be used 
to understand current or future impacts of the contamination, to enable 
strategic decisions to be made on the management of facilities and land and 
to develop preliminary decommissioning / remediation plans.  An example of a 
simple conceptual model of the distribution of radioactive contamination in 
the walls and floor of an emptied Magnox cooling pond is given in Figure 1-3.  
There are several potentially different waste streams in this cooling pond 
example that may need to be sampled and characterised separately. 

• Characterisation of the remaining structure or facility, or of the surrounding 
environment, after completion of demolition, remediation or decontamination 
activities is generally required.  The objective of such ‘validation’ surveys is to 
determine whether the decommissioning / remediation objectives (end points) 
have been achieved.  If not, further demolition, remediation or 
decontamination will be required. 

 

Figure 1-3 Conceptual model of radioactive contamination in a cooling pond 
structure 
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2. Characterisation to enable the optimum7 waste processing solution, which also 
considers the requirements to safely transport, store and dispose of waste, to be 
selected and designed 

• Characterisation to enable the optimum waste processing solution is likely to 
take place during the Operation or Transition phases, or during early part of 
the Dismantling and Remediation phase, to ensure the timely development of 
waste treatment and conditioning options that enable safe transport, storage 
and disposal.  Subsequently, a decision will be made on which option to select. 

• Characterisation to enable the optimum waste processing solution is needed 
to determine both strategic-level BAT / BPM (to identify the preferred waste 
processing option) and operational-level BAT / BPM (to identify a preferred 
design to implement the preferred waste processing option).  Appropriate 
waste segregation and the minimisation of radioactive waste are key aspects. 

• For ILW, the characterisation objectives will also need to support 
demonstration of the disposability of the waste to Radioactive Waste 
Management Ltd (RWM). 

• Process or condition monitoring (monitoring to ensure the process is 
operating as it should be) and inspection (e.g. of storage of raw waste, where 
waste is not passively safe) is considered under this heading as they provide 
‘ongoing characterisation’ that builds understanding of how waste is behaving.  
Process monitoring also provides information that can be used to optimise the 
process (‘lead and learn’). 

3. Characterisation as part of the waste sentencing process, to ensure radioactive 
waste is correctly classified / categorised (Exempt, LLW or ILW) and complies with 
the WAC/CFA for treatment, storage or disposal solutions 

• Characterisation as part of the waste sentencing process is relevant to the 
production of both operational and decommissioning waste.  On the NDA 
estate, these measurements will largely be performed during the Operation, 
Transition and Decommissioning & Remediation stages.   

• Characterisation as part of the waste sentencing process is largely carried out 
on waste produced for ex situ disposal.  However, it can also include 
measurements made in situ before decommissioning and demolition to 
support an application for an in situ disposal. 

For all three purposes above, characterisation will be required to support the 
application of the waste management hierarchy (i.e. to minimise waste, including the 

 
7  Environment agencies require that BAT / BPM be applied to the generation, management 

or disposal of radioactive waste. The terms ‘optimum’ and ‘optimisation’ are used in this 
GPG rather than ‘BAT/BPM’ as they have meaning for a wider audience.  In this GPG, 
they are considered broadly synonymous with ‘BAT / BPM’. Further description of BAT / 
BPM is provided in Box 2-2. 
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amount of HAW or problematic waste, through sorting, segregation, 
decontamination, decay storage etc.).  Waste management principles, including the 
waste management hierarchy, are discussed in subsection 2.2.2.  Effective design, 
inspection and maintenance of new facilities, modified facilities and new power 
stations will make characterisation easier, by giving consideration at the design stage 
to the need for characterisation and through the production of maintenance and 
inspection records that provide up-to-date, accurate information on the state of the 
facility.  This GPG does not provide guidance on such issues.  However, guidance on 
reviewing and evaluating existing information is given in Chapter 5.   

This GPG focuses on characterisation to enable selection and design of the optimum 
waste processing option and characterisation as part of the waste sentencing process; 
that is, 2 and 3 above.  Characterisation as part of ‘site characterisation’ or ‘facility 
characterisation' is included in the GPG because this stage of characterisation is 
important for some LAW, and is the only form of characterisation if a decision is 
made to dispose of waste in situ.  Extensive guidance is already available on site 
characterisation, and this GPG signposts out to this existing guidance. 

Lastly, this GPG does not address all types of characterisation undertaken during the 
lifecycle of a project.  It excludes characterisation that is not related to waste 
characterisation.  For example, it excludes monitoring activities to ensure safety 
throughout the programme.  This can include issues as diverse as ensuring criticality 
safety, managing workforce doses and building understanding of any discharges to 
the environment. 

1.4.5 Approaches to acquiring characterisation information 

The characteristics of a solid radioactive waste can be inferred, at some level, from a 
review of existing information, from an understanding of the provenance of the waste 
(e.g. the processes that created the waste) and through comparison with similar 
waste elsewhere.  Chapter 5 gives guidance on reviewing and evaluating existing 
information to infer the characteristics of radioactive waste. 

New information to characterise solid radioactive waste can be obtained in three 
ways.   

• Characterisation by calculation (Chapter 8).  This GPG considers 
characterisation by calculation to be relevant to radioactive contaminants and 
activation products, and to comprise nucleonics calculations of radionuclide 
activity concentrations.  Calculation approaches based on interpretation of 
measured levels of external radiation, which involve considerations of 
geometry and shielding to derive radionuclide activities, are considered part of 
characterisation by non-destructive assay (see below). 

• Characterisation by non-destructive assay (Chapter 9).  In this GPG, non-
destructive assay is defined as a group of analysis techniques used to 
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characterise the radiological, chemical or physical properties of a waste 
without the need for prior sampling and without causing the waste to change.  
Such techniques can be used in a range of applications: 

− in situ analysis of contaminated facilities, plant infrastructure and land; 

− ex situ analysis of waste during processing; 

− ex situ analysis of waste packages/consignments to support transport, 
storage and disposal. 

• Characterisation by sampling and analysis (Chapter 10).  Sampling and 
analysis involves the collection of samples from a waste, and subsequent 
analysis of those samples.  The sampling is ‘destructive’; that is, the waste is 
changed by sampling.  It is rare that the samples are subsequently returned to 
the waste, as they tend to be disposed of separately.  Analysis generally, but 
not always, takes place in a laboratory and may be ‘destructive’ (e.g. 
radiochemical analysis, which requires sample preparation such as acid 
digestion) or ‘non-destructive’ (e.g. gamma spectrometry, which is generally 
undertaken on the ‘as received’ samples without preparation). 

Some analytical techniques (e.g. gamma spectrometry) are relevant to both Chapter 9 
and Chapter 10.  To avoid repetition, the detailed discussion of the technique takes 
place in only one chapter.  Cross-referencing is provided as needed. 

Figure 1-4 illustrates how the three approaches can be used to characterise 
radionuclide activities and inventories in solid radioactive waste.  Interactions 
between the different approaches are shown where appropriate.   
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Figure 1-4 Application of the characterisation approaches described in this 
GPG for the determination of radionuclide activities and 
inventories in radioactive waste 

The capabilities of a variety of characterisation techniques are presented in tables in 
Chapter 9 (for non-destructive assay) and Chapter 10 (for sampling and analysis).  
These tables (Table 9-1, Table 10-2 and Table 10-4) only consider technologies and 
techniques that are being successfully used in the field of radioactive waste 
characterisation.  Hence, they can be considered as examples of good practice.  
Techniques that are currently in development are not considered in these tables, as 
they cannot yet be considered as good practice. 

Significant Research and Development (R&D) into waste characterisation is being 
undertaken, and this may lead to inclusion of new technologies and techniques in 
future versions of this GPG.  Therefore, an ‘emerging technologies’ box is included in 
each of Chapter 9 (Box 9-2) and Chapter 10 (Box 10-17) to identify promising 
emerging technologies. 

1.5 Structure of this guidance document 

Chapter 2 describes the United Kingdom (UK) classification system for solid 
radioactive waste and introduces the UK regulatory framework for radioactive waste 
management. 

Chapter 3 describes the characterisation requirements of organisations responsible 
for treating or disposing of radioactive waste.  It then describes the responsibilities of 
the waste producer and gives guidance on how these responsibilities can be 
discharged. 

Chapter 4 presents a systematic process for characterising radioactive waste and 
gives guidance on the application of this process. 

Chapter 5 provides guidance on reviewing and evaluating existing information to 
infer the characteristics of radioactive waste. 

Chapter 6 considers waste heterogeneity.  Heterogeneity is often a major cause of 
uncertainty in the reported characteristics of a waste. 

Chapter 7 considers the production of a radionuclide fingerprint for the waste, and 
gives guidance on its development and use. 

Chapters 8 to 10 describe and provide guidance on the three approaches to waste 
characterisation: by calculation (Chapter 8), by non-destructive assay (Chapter 9) and 
by sampling and analysis (Chapter 10).  Each chapter is structured using the 
systematic waste characterisation process described in Chapter 4. 
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Chapter 11 gives guidance on the interpretation, presentation and management of 
waste characterisation information.   

Finally, the appendices to this guidance present a series of case studies that 
demonstrate aspects of the waste characterisation process. 

1.6 Interfaces with existing good practice guidance 

Much guidance already exists for waste characterisation.  These documents are 
signposted from this waste characterisation GPG where appropriate, rather than 
reproducing information from earlier documents.  Key guidance documents that are 
relevant to the UK are provided in the relevant chapters.  Some are presented in 
Box 1-5.  The intention is to present a short list rather than overwhelm the reader 
with a vast array of documents.  Guidance documents with well-defined ‘owners’ and 
which are likely to be maintained are preferred.   

Box 1-5 Key guidance  

• The UK Nuclear Industry Guide to; Clearance and Radiological Sentencing: Principles, 
Process and Practices [6]  

• Good Practice Guidance for the Management of Contaminated Land on Nuclear 
Licensed and Defence Sites [8] 

• Model Procedures for the Management of Contaminated Land: Contaminated Land 
Report 11 [9] 

• Determining Background Radioactivity for Land Quality Assessment – Good Practice 
Guidance [10]. 

• Pipeline Characterisation and Decommissioning Within the Nuclear Industry – Good 
Practice Guidance [11] 

• Identification of Extant Technology and Techniques that can be deployed in the 
Characterisation of Off-site Pipelines [12] 

• Nuclear Industry Code of Practice for Routine Water Quality Monitoring [13] 

• Nuclear Industry Guidance Document: Estimation and Comparison of Means for 
Contaminated Land Data [14] 

• Waste Classification: Guidance on the Classification and Assessment of Waste [15] 

• The Management of Higher Activity Radioactive Waste on Nuclear Licensed Sites [16] 
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2 Waste classification and regulatory perspectives on waste 
management  

Box 2-1 Aims of Chapter 2 

To present the UK Government waste classification system, including activity limits, and the 
UK regulatory perspective on the management of waste.   

2.1 Waste classification 

2.1.1 Radioactivity 

The UK classification scheme for solid radioactive waste is set in Government policy 
and is not a formal regulatory system.  It depends mainly on the activity and thermal 
characteristics of the waste.  In the UK, there are four categories of radioactive waste: 

• exempt waste;  

• LLW; 

• ILW; and 

• HLW. 

The distinction between radioactive and non-radioactive waste in the UK is defined 
by the OoS concept.  This concept is explained in Reference [17].  OoS waste is not 
considered radioactive for the purposes of legislation, and correspond to waste with 
an activity that is below the activity concentration set down in Radioactive Substances 
Regulations.  The OoS clearance levels can be regarded as the lower boundary for 
radioactive waste and comprise a set of radionuclide-specific activity concentrations 
derived using a risk-based approach.   

Exempt waste is considered to be radioactive for the purpose of legislation but is 
exempt from the requirement for a permit under the legislation (Environmental 
Permitting Regulations 2016 (EPR16) or Environmental Authorisation (Scotland) 
Regulations 2018 (EA(S)R18)).  LLW, ILW and HLW are all considered to be radioactive 
for the purpose of legislation and require a permit for disposal and discharge under 
the legislation.  Application of the concept on exemption and clearance is detailed in 
[18].  Guidance on the sentencing of exempt waste is provided in [6]. 

The Government’s 2007 Policy [19] defines LLW and the LLW sub-category VLLW.  
Additional LLW sub-criteria have also been developed: High-volume VLLW, Low-
volume VLLW and Low Activity-LLW (LA-LLW)8.  ILW is defined as waste that exceeds 
the upper boundaries of LLW, but which does not require heat to be taken into 

 
8  LA-LLW is not an official Government policy category. It is an operational term and based 

upon WAC for disposal facilities.  
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account in the design of storage or disposal facilities.  HLW is waste in which the 
temperature may rise significantly as a result of its radioactivity, and therefore this 
property must be considered in the design of storage or disposal facilities.  HLW is 
not included in this GPG. 

The relationship between waste classification and management route in the UK is 
illustrated in Figure 2-1.  

 

 

Figure 2-1 UK Waste classification and management routes 

2.1.2 Non-radioactive properties 

For all radioactive waste, waste producers need to be aware of the hazardous and 
non-hazardous properties of the waste and consider the applicability of other waste 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 22 

 

legislation.  Nuclear operators in England have a duty to minimise the risk of 
pollution from any non-radioactive substances in, or any non-radiological properties 
of, their radioactive waste.  Technical guidance WM3 (Guidance on the classification 
and assessment of wastes) [15] explains the necessary steps to assess and classify 
waste according to its hazardous properties and gives a number of examples.  These 
steps are illustrated in Figure 2-2. 

 
Figure 2-2 Steps necessary to assess and classify waste according to its 

hazardous properties [15] 

Landfill sites authorised for disposal of high volume VLLW or LA-LLW hold an RSR 
disposal permit (under EPR Schedule 23 in England and Wales and EA(S)R in 
Scotland) and a ‘Directive waste’ disposal permit (under EPR Schedule 10 in England 
and Wales and the Waste Management Licensing (Scotland) Regulations 2011 (as 
amended) in Scotland).  Therefore, radioactive waste disposed to authorised landfill 
sites must also be coded and classified according to the appropriate non-radioactive 
legislation.   

Radioactive waste consigned for disposal on nuclear sites (i.e. to an existing LLW 
repository or as planned in situ or ex situ on-site disposals) does not need to be 
coded and classified in this way.  Nevertheless, all disposal sites will have explicit 
requirements in their WAC for such non-radioactive substances and may require 
measured values of chemical concentrations to allow disposal.  In situ or ex situ 
disposals of radioactive waste on nuclear sites must demonstrate an equivalent level 
of protection as if the waste were not radioactive. 

Further guidance on managing non-radioactive waste properties is presented in 
Reference [20]. 

Step 1 Check if the 
waste needs to be 

classified.
Step 2 Identify the 

code(s) that might apply

Step 3 Identify if any 
additional assessment 

is required to confim the 
code(s)

Step 4 Determine the 
chemical composition of 

the waste

Step 5 determine if the 
waste includes 

hazardous substances 
or Persistent Organic 

Pollutants

Step 6 Assess the 
hazardous properties of 

the waste

Step 7 Assign the classification code and describe the Hazardous 
Properties of the waste
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2.2 Regulatory perspectives  

2.2.1 Summary of the current UK approach to the regulation of radioactive 
waste management 

The management of radioactive waste on LNSs in the UK is regulated by the ONR 
and the environment agencies for the relevant devolved administration: EA, SEPA or 
NRW9.  On UK sites authorised or permitted under RSR, the environment agencies 
(via permits or authorisations) require that:  

• the generation of radioactive waste is minimised;  

• the volume of waste disposals is minimised, and; 

• that disposals occur at times, in a form, and in a manner so as to minimise the 
radiological effects on the environment and members of the public.   

Environmental permits or authorisations include a range of other conditions, such as 
requiring Best Available Techniques (BAT) to be applied to the generation, 
management or disposal of radioactive waste.  The nuclear licensing system enforced 
by ONR requires licensees to have arrangements in place to minimise, ‘So Far As Is 
Reasonably Practicable’ (SFAIRP), the rate of production of radioactive waste and the 
total quantity of radioactive waste that is accumulated on the LNS.  Box 2-2 describes 
BAT and Best Practicable Means (BPM) in further detail.   

 
9  There are no LNSs in Northern Ireland, so NIEA is not included in the list. 
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Box 2-2 BAT / BPM 

Best Available Techniques (BAT) is applicable to EPR16. 

Best Practicable Means (BPM) is applicable to EA(S)R18. 

For the purpose of radioactive substances regulation, the processes undertaken for BAT 
and BPM studies are considered to be equivalent by regulators. 

BAT / BPM requires the systematic consideration of options in order to ensure that 
management of radioactive waste is optimised with regard to minimising both public 
exposure to ionising radiation and environmental impacts.  BAT / BPM is considered to be 
the point at which the implementation of further measures become grossly 
disproportionate to the benefits gained.   

It is a legal requirement to apply BAT / BPM to characterise, sort and segregate solid and 
non-aqueous waste to facilitate disposal and treatment.  Site Permit Conditions require the 
application of BAT / BPM as a means to demonstrate optimisation.  In addition, waste 
strategies, Radioactive Waste Management Cases (RWMCs) and business cases should all 
be underpinned by BAT / BPM. 

The Good Practice Guide on Best Available Techniques for the Management of the 
Generation and Disposal of Radioactive Waste [21] is a useful source of information on the 
definition, features and methodology for undertaking BAT / BPM assessments.  In addition, 
LLW Repository Ltd has published a BAT Resource Guide [22] which provides information 
on the resources that could be used to support the scoping and assessment of BAT / BPM 
by waste producers.   

Standard nuclear site licence conditions relevant to radioactive waste characterisation 
are given in Box 2-3. 
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Box 2-3 Standard nuclear Site Licence Conditions relevant to 
characterisation 

Licence 
Condition Summary of Condition 

LC25 [23] 

The licensee shall ensure that adequate records of the operation, 
inspection and maintenance of any plant which may affect safety.  This 
includes recording the amount and location of all radioactive material 
used, processed, stored or accumulated upon the site at any time.   

LC32 [24] 

The licensee shall make and implement adequate arrangements for 
minimising so far as is reasonably practicable the rate of production 
and total quantity of radioactive waste accumulated on the site at any 
time.   

LC33 [25] 

The licensee, if so directed by ONR, shall ensure that radioactive waste 
accumulated or stored on site is disposed of as ONR may specify and 
in accordance with an environmental permit, or an existing permit 
which has become and environmental permit, granted under EPR16 or 
EA(S)R18. 

LC35 [26] 

The licensee shall make and implement adequate arrangements for the 
decommissioning of any plant or process which may affect safety.  
Insofar as decommissioning and radioactive waste management are 
interlinked activities, this is a relevant licence condition to this 
guidance.   

 

The safe transport of radioactive material to and from LNS is regulated by the ONR 
and CDG09.  This division also assesses and approves package designs.   

2.2.2 Waste management principles 

There are a number of high-level waste management principles that waste producers 
must consider in decision making.  These are: 

• BAT / BPM; 

• the Waste Management Hierarchy (WMH); 

• optimisation; 

• integrated planning; 

• the ‘proximity’ principle; and 

• the SFAIRP principle. 

In addition to the principles listed above, there are more specific regulatory principles 
applicable to waste characterisation.  These are presented in Box 2-4. 
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Box 2-4 Characterisation-specific regulatory principles 

EA, NRW Radioactive Substances Regulation - Environmental Principles (REPs) [27], [28].  
These principles apply only in England and Wales and do not apply in Scotland. 

• Radioactive Substance Management (including Waste Disposal (Principle RSMDP3) – 
Use of BAT to minimise waste.  The best available techniques should be used to ensure 
that production of radioactive waste is prevented and where that is not practicable 
minimised with regard to activity and quantity. 

• Principle RSMDP8 – Segregation of wastes.  The best available techniques should be 
used to prevent the mixing of radioactive substances with other materials, including 
other radioactive substances, where such mixing might compromise subsequent 
effective management or increase environmental impacts or risks. 

• Principle RSMDP9 – Characterisation.  Radioactive substances should be characterised 
using the best available techniques so as to facilitate their subsequent management, 
including waste disposal. 

SEPA Fundamentals of the management of radioactive waste [29] 

• Characterisation and segregation of radioactive waste should be used to help ensure 
subsequent management is safe and effective. 

ONR Safety Assessment Principles (SAPs) [30] 

• Engineering principles: external and internal hazards (EHA.1).  An effective process 
should be applied to identify and characterise all external and internal hazards that 
could affect the safety of the facility. 

• Engineering principles: control of nuclear matter (ENM.5).  Nuclear matter should be 
characterised and segregated whenever practicable to facilitate its safe management. 

• Radioactive Waste management: characterisation and segregation (RW.4).  Radioactive 
waste should be characterised and segregated to facilitate its subsequent safe and 
effective management. 

• Land Quality Management.  Characterisation of radioactively contaminated land (RL.4).  
Radioactively contaminated land should be characterised to facilitate its safe and 
effective control and remediation  

These principles underpin the decisions that the regulators make regarding radioactive 
substance regulation. 

The UK has a policy and strategic driver [31], [32] for waste diversion away from 
disposal and the application of the WMH in radioactive waste management across 
the waste classifications.  The implementation of these activities is influenced by the 
current waste classification scheme as outlined in subsection 2.1.1.   
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All UK nuclear sites have an obligation to adopt the WMH within their waste 
management programmes and ensure that their waste is managed within integrated 
strategies that plan their complete lifecycle considering interdependencies.  Sites 
must apply BAT / BPM for managing waste, ensuring the waste management process 
makes best use of existing UK waste treatment and disposal assets.  The principles of 
the WMH are shown in Figure 2-3.  Further guidance on applying the WMH is 
provided in Reference [33].   

 

 
Figure 2-3 The waste management hierarchy [33] 

Planning and characterisation are enabling steps for the application of the WMH.  
Decisions made at these stages can help or hinder application of the WMH.  
Understanding the radiological, chemical and physical properties of the waste will 
enable the correct WMH choice to be made.  Therefore, appropriate characterisation 
should be undertaken as early as possible in the waste lifecycle to support decision 
making. 

The environmental regulators require waste producers to use BAT / BPM to 
characterise and segregate their radioactive waste on the basis of physical and 
chemical properties and treat and dispose of radioactive waste.  There is specific joint 
regulatory guidance for HAW on this subject [16].  The guidance states that waste 
should be characterised within a quality framework using BAT / BPM and that a 
systematic approach to waste characterisation should be adopted in order to acquire 
data that are sufficient to support waste management decisions throughout the 
waste lifecycle.  The guidance contains more detailed characterisation principles and 
guidance, much of which is applicable to all radioactive waste.  This guidance is 
discussed further in subsection 3.2.3. 
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Where immediate disposal is not possible, the preference is for waste to be stored in 
accordance with the principles of passive safety.  The regulators also expect 
radioactive material and radioactive waste to be managed in a manner that is 
compatible with future potential disposal requirements. 

2.2.3 Legislation and regulations 

Management 

The management of radioactive waste in the UK is governed by regulations set out 
under UK legislation, European Union (EU) regulations and international treaties.  
Figure 2-4 shows the relationship between these legal requirements and the 
guidance on them.  In addition to legislation and regulations, UK arrangements are 
also guided by UK Government policy.  The goal of regulating radioactive waste 
management is to ensure that radioactive waste is managed appropriately, safely and 
securely, to ensure that people and the environment are protected from the potential 
hazard from radioactivity.  Further guidance on legislation is presented in Reference 
[34]. 

UK Legislation:

• Parliamentary Acts
• Statutory Instruments 

(including 
Regulations)

Government PolicyGovernment Strategy

International Treaty 
Obligations

IAEA & ICRP 
Recommendations

EU Member State 
Obligations:

• EU Directives

Government Department 
Issued Guidance Regulator Issued Guidance

 
Figure 2-4 Relationship between UK legislation, policy and guidance and 

international treaties and recommendations [34] 

It is UK Government Policy (White Paper Cm 9417) that leaving the EU will also result 
in withdrawal from the Euratom Treaty [35].  Consequently, the requirements placed 
on the UK’s legislative and regulatory environment arising from the key EU / Euratom 
Directive and regulations in the area of radioactive waste management will need to 
be reviewed.  Changes to existing UK legislation may therefore follow the UK’s 
departure from the EU.  However, Her Majesty’s Government has stated that the 
same safety / environmental principles will be maintained [36].   
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The legislative framework for radioactive waste and relevant elements of 
non-radioactive waste is shown in Figure 2-5.   

 
Figure 2-5 Legislative framework for radioactive and relevant elements of 

non-radioactive waste 

Transport 

Regulations governing the transport of radioactive material in the UK (Carriage of 
Dangerous Goods and Use of Transportable Pressure Equipment Regulations 2009 
(CDG09) [37] are based primarily on the European Agreement concerning the 
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International Carriage of Dangerous Goods by Road (ADR 2017) [38] and the 
International Carriage of Dangerous Goods by Rail (RID 2015) [39], which in turn are 
based upon the IAEA Regulations for the Safe Transport of Radioactive Materials [40]. 

The transport regulations (CDG09) address all categories of radioactive material.  
Accurate characterisation of the radioactive material to be transported is required to 
ensure waste is packaged appropriately and packaging requirements, which are 
specified on the basis of the hazards of the contents, are applied correctly.   

Packaging requirements vary from normal commercial packaging to specialist 
packages with strict design and performance requirements for higher hazard 
contents.  The type of packaging required will depended on the waste material and 
associated hazards (e.g. surface contamination).  However, in certain circumstances, 
such as large low activity metal items (e.g. Berkley boilers), containerisation may not 
be required. 

In addition, to the legislation and regulations listed above, the Transfrontier Shipment 
of Radioactive Waste and Spent Fuel Regulations 2008 impose specific restrictions on 
the purpose of shipment of radioactive waste.  Waste-producing organisations or UK 
treatment facilities must have an authorisation to move waste to overseas treatment 
facilities.  Consignees of waste need to consider regulatory compliance and potential 
liability risks in the destination state, encompassing import licensing requirements, 
export regimes for any secondary waste and environmental liability risks resulting 
from treatment or disposal [41].   
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3 Responsibilities of the waste producer and requirements of 
waste management organisations  

 

Box 3-1 Aims of Chapter 3 

This chapter introduces the responsibilities that lie with waste producers and the 
requirements of waste management organisations, such as the operators of disposal and 
treatment facilities.  The chapter discusses: 

• the requirements associated with the disposal of LAW at waste management facilities 
that exist already and introduces the concept of WAC;  

• the requirements associated with the storage and future disposal of English and Welsh 
HAW to a geological disposal facility (GDF) and introduces the RWM Disposability 
Assessment process; 

• the requirements associated with the long-term management for Scottish HAW at a 
near-surface facility and how the RWM Disposability Assessment process applies. 

The describes how characterisation information is key to demonstrating compliance with 
these criteria and processes, and draws out the key pieces of information that are 
requested by waste management organisations from the waste producer. 

3.1 Requirements of waste management organisations 

There are a range of waste management options available to waste producers, 
depending on the radioactivity, physical and chemical composition and classification 
of the waste.  This is illustrated in Figure 1-1 and Figure 2-1.   

Subsection 3.1.1 identifies the key requirements of waste management organisations 
that operate currently available waste treatment, storage and disposal facilities.  
Subsection 3.1.2 gives an overview of the requirements of RWM’s Disposability 
Assessment process for HAW to be disposed in a future GDF or managed in the long-
term at near-surface facility.  Subsection 3.1.3 gives a short description of the 
requirements of storage facilities accepting waste that will be stored pending 
disposal in the future. 

3.1.1 Available storage, treatment and disposal facilities 

The Low Level Waste Repository (LLWR), the LLW disposal facility at Dounreay and 
certain other appropriately permitted landfills are currently the only disposal facilities 
available to UK producers of solid radioactive waste.  There are also several on-site 
and off-site waste treatment facilities and a number of on-site storage facilities 
permitted for the acceptance of radioactive waste.  Treatment options can allow 
waste to be diverted from disposal facilities and enable significant volume reduction 
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or recycling.  Such facilities may offer metal melting or decontamination, incineration 
or supercompaction.  A toolkit of resources and useful documents for LLW 
management practitioners can be found at [42]. 

All the facilities described above use WAC - or Conditions for Acceptance (CFA) for 
on-site treatment - to set out the requirements of the site operator for the 
acceptance of waste to be treated or disposed.   

The purposes of WAC / CFA are to: 

• ensure compliance with Environmental Permits, Environmental Safety Cases 
and other environment regulator requirements set out in the Guidance on the 
Requirements for Authorisation (the GRA) for disposal at near-surface facilities 
and geological disposal facilities [43], [44]; 

• assure operational and long-term safety requirements for all components 
including handling, transport, storage and disposal; 

• act as a benchmark for communication between waste producers and facility 
operators and will form part of a BAT / BPM assessment to identify optimal 
waste management options; 

• allow for standardisation of operations (waste package handling, on-site 
transport etc.); 

• allow for optimisation of the facility, and enable the disposed inventory to be 
maximised with confidence in overall safety performance; 

• assure waste tracking; and 

• assist waste producers in selecting appropriate waste package and processing 
technologies. 

An overview of WAC / CFA is presented in Box 3-2.   
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Box 3-2 WAC and CFA 

The purpose of the WAC / CFA is to ensure waste is managed in accordance with 
Environmental Safety Cases and Environmental Permits and ensure worker safety.  The 
radiological and non-radiological assessments that are contained in, and underpin, the 
Environmental Safety Cases determine the impacts (current and future) of disposing or 
treating waste on the public and the environment.  The results of the assessment are used 
to determine the quantity of each contaminant (radiological and non-radiological (i.e. 
hazardous substance)) that would meet the protection standard specified by the 
environmental agencies if the waste was disposed or treated.  These quantitative limits are 
described as WAC or CFA. 

The quantitative, or qualitative, WAC and CFA are specified by an operator and approved 
by the regulatory body, for radioactive waste to be accepted by the operator of a disposal 
site for disposal, the operator of a treatment facility for treatment, or the operator of a 
storage facility for storage. 

WAC / CFA set out waste characteristics, which are either measurable and verifiable or are 
non-numerical qualitative definitions e.g. “discrete items” definition in the LLWR WAC.  All 
of the WAC / CFA requirements must be met in order to be able to demonstrate 
compliance with the specified limit and waste site permit.   

In general, WAC / CFA specify limits and acceptance criteria in terms of: 

• general conditions of acceptance; 

• physical properties and descriptive qualitative elements (e.g. volume, waste 
conditioning, voidage etc.); 

• chemical properties; 

• radiological properties; and 

• packaging and transport requirements. 

There may flexibility in WAC.  Communication between the waste producer and 
prospective waste consignor is key when it comes to WAC / CFA and environmental 
permit compliance. 

Waste management organisations may undertake characterisation activities to ensure 
that the waste they receive is compliant with their WAC / CFA and their safety cases.  
This is usually conducted on a limited scale using non-destructive assay.  In addition, 
the regulators assess compliance through site inspection and a waste quality 
checking programme. 

The waste acceptability processes used for the available waste management routes 
are described in Box 3-3 to Box 3-6.   
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Box 3-3 LLWR Waste Acceptance Procedure: ‘Physical and Chemical Properties’ 

LLW Repository Ltd Waste Acceptance Procedure (WAP) [45] covers the entire spectrum of 
LLW management from forecasting through characterisation to treatment and disposal.  
Two of the sections in the associated LLWR WAC [46] are particularly relevant to waste 
characterisation.  An overview of WAC for physical and chemical properties is given below.  
Further information is given in [20].  An overview of the LLWR WAC for radiological 
properties is given in Box 3-4. 

The WAC for physical and chemical properties limits or precludes the presence of certain 
chemicals in waste to be disposed at LLWR, and/or requires waste containing such 
chemicals to be treated, prepared or made safe in a manner agreed in advance by LLWR 
Ltd.  The following chemical substances are listed in the WAC; see [46] for substance-
specific details regarding limitation, prohibition and details of any requirements to treat, 
prepare or make the waste safe: 

• reactive metals; 

• explosive materials or materials that readily react with air, water or grout to cause an 
explosive hazard; 

• free liquid or liquids with flashpoint less than 21°C absorbed on solid materials; 

• soluble solids; 

• strong oxidising agents; 

• corrosive materials; 

• pressurised gas receptacles and aerosols, as defined within CDG09; 

• materials that generate or are capable of generating, toxic liquids, gases, vapours or 
fumes harmful to persons; 

• chemical complexing and chelating agents.  See [47] for further information; 

• ion exchange material; 

• biological, pathogenic or infectious materials, including putrescible materials; 

• asbestos and manufactured products containing asbestos.  See Table 2.1 of [46]. 

Radioactive waste that would be categorised as hazardous waste if not deemed to be 
radioactive waste, hazardous substances or non-hazardous pollutants must be controlled.  
See [46] for further detail. 

In addition, customers shall use BAT to minimise the total potential voidage in each waste 
consignment.  Total potential voidage shall not exceed 20% of the internal volume of the 
disposal container unless approved in advance by LLW Repository Ltd. 
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Box 3-4 LLWR Waste Acceptance Procedure: ‘Radiological Properties’ 

An overview of WAC for radiological properties is given below. 

• The LLWR WAC for radiological properties [46] gives the upper limit (expressed as 
GBq/tonne) for waste consigned to LLWR.  Limits are also placed on wastes containing 
fissile radionuclides (U-233, U-235, Pu-239).   

• Regarding heterogeneity in the waste, the WAC provides maximum specific activities by 
radionuclide ‘groups’ for ‘Discrete Items’ (see Tables 3.1 and 3.2 of [46]) and states that 
‘Best Available Techniques must have been used to characterise, sort and segregate the 
waste to facilitate its management by optimal routes’.  ‘Discrete Item’ is defined in the 
WAC as a distinct item of waste that, by its characteristics, is recognisable as unusual or 
not of natural origin and could be a focus of interest, out of curiosity or potential for 
recovery and recycling/re-use of materials, should the waste item be exposed after 
repository closure.  Examples of discrete Items are: 

− hand tools, engineered items and equipment of durable materials; 
− grouted drums of waste; 
− large metal items, e.g. steel beams and plates, pipework, shielding, heavy 

equipment and 
− flasks (but not general scrap metal). 

• Low activity sources may be disposed at the LLWR if there has been an attempt to 
return sources to the supplier and subject to activity limits detailed in Table 3.3 of [46].  
Sources must be packed in small containers and encapsulated with voidage minimised. 

• Waste that may contain active particles or materials that may break down into active 
particles, may only be accepted on approval from LLW Repository Ltd. 

• The maximum radiation level at any point on the external surface of the Disposal 
Container shall not exceed 2 mSv/h and 100 µSv/h at 2 metres. 

• External non-fixed contamination levels on the disposal container at the time of 
consignment shall be ALARP and not more than 0.4 Bq/cm2 for all alpha-emitting 
radionuclides and 4 Bq/cm2 for all other radionuclides averaged over 300 cm2.   

The information provided by waste producers as part of the Waste Characterisation Process 
is used by LLW Repository Ltd to consider whether they are receiving an accurate 
declaration of the waste consignment.  LLW Repository Ltd also undertake Waste Assurance 
activities in order to access whether the waste characterisation is appropriate in terms of 
good practice and ensuring compliance by the consignor with WAC / CFA.  Full details on 
the Waste Assurance Process and Waste Characterisation Process can be found in 
References [48] and [49] respectively. 

 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 36 

 

Box 3-5 Appropriately-permitted landfill facility WAP 

As per the LLWR WAP, landfill operators build their own site-specific WAPs or criteria 
informed by their Environmental Safety Case.  In addition, each landfill is required to follow 
the directive waste acceptance procedure and criteria that are laid out in Council Decision 
2003/33/EC [50].  These WAPs will vary depending on the level of radioactivity they are 
permitted to accept and dispose of (i.e. exempt waste, VLLW or LA-LLW).  The waste 
acceptance procedures consist of three steps to identify and periodically check the main 
characteristics of the waste: 

• Level 1: Basic characterisation  
Landfill operators use this waste information (type, composition, consistency, 
leachability etc.) to determine the key variables in the waste.  The operators use this 
information to check that the waste stream complies with the WAC.   

• Level 2: Compliance testing 
Periodical testing by simple standardised analysis and behaviour-testing methods is 
used to determine whether a waste complies with permit conditions and/or specific 
reference criteria.   

• Level 3: On-site verification 
Operators use documentation checks, visual inspection and periodic sampling to check 
that the waste can be accepted at the landfill. 

More information on waste acceptance at landfills can be found elsewhere in [51]. 
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Box 3-6 Waste treatment facility WAP 

The WAC / CFA for each treatment facility are set depending on their environmental 
permits, Environmental Safety Cases and the limits imposed on any secondary waste 
generated.  For example, incineration facilities have discharge limits set out in their permits 
and the ash that is produced from incinerating the waste must be of an activity which 
allows for onward management (e.g. disposal at a landfill site or the LLWR).   

Each treatment facility will conduct their own checks to ensure that the waste received onto 
their site matches what has been declared by the waste producers.  It is considered good 
practice for waste producers to work with the treatment facility operators to ensure the 
latter are content with the waste characteristics and how to best manage the waste.   

Waste treatment services provided by LLW Repository Ltd through a “Waste Services 
Contract” include Supercompactable Waste Treatment, Metallic Waste Treatment, 
Combustible Waste Treatment, and Alternative Treatment.  Each treatment facility has its 
own WAC / CFA.  Waste producers can access these facilities through LLW Repository Ltd 
and the waste must meet treatment-specific WAC specified by the LLW Repository Ltd in 
conjunction with the waste treatment service site.  These WAC present a composite 
overview of the key criteria for each service supplier.  Any secondary waste produced post 
treatment that are intended for disposal at the LLWR are subject to LLW Repository Ltd’s 
disposal WAC.  Alternatively, waste producers can engage directly with treatment suppliers.  
In this case, waste producers will be required to meet treatment facility operator’s specific 
WAC / CFA. 

3.1.2 Future disposal routes 

The details of future disposal facilities are unknown and therefore it is not possible to 
develop WAC / CFA.  However, the operator of the facility will need to make sure that 
the radionuclide content and composition of waste consignments received for 
disposal are sufficiently well characterised to comply with the condition of the 
authorisation under EPR16 and EA(S)R18 [43], [44].   

RWM has developed the Disposability Assessment Process to facilitate the 
assessment of HAW that are destined for disposal at a GDF.  This process is also used 
for Scottish HAW that will be managed long term at a near-surface facility.  The 
assessment process defines ‘preliminary WAC’ and waste packaging specifications 
derived from bounding assumptions for the design of a GDF and its safety case.  The 
Disposability Assessment process is summarised in Box 3-7. 

To establish the package properties, RWM undertakes a technical evaluation of the 
‘Nature & Quantities’ (N&Q) of the waste based on the characterisation information 
provided by the waste producer. The N&Q assessment is a key step in the GDF 
Disposability Assessment process, and has the following objectives: 

• critically analyse the quality of the characterisation information available; 
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• provide, or confirm, a description of the origins, composition and quantity of 
the waste proposed to be packaged; 

• define the expected range of waste package compositions resulting from the 
proposed packaging process, covering physical and chemical composition, 
including packaging materials, and radionuclide composition; and 

• establish the relative significance of the quantities of radionuclides expected 
to be present by comparing the inventory determined through the N&Q 
assessment with the total inventory for disposal to the GDF.  The latter is 
contained in the Derived Inventory10 and is used for GDF post-closure safety 
assessment. 

The N&Q assessment is the key step that uses the characterisation information 
provided by the waste producer.  It provides information that is used in subsequent 
steps in the GDF Disposability Assessment process. 

 
10  Derived Inventory data is drawn from the UK Radioactive Waste Inventory (UKRWI), 

which is periodically published by the Government and NDA as an inventory of all 
radioactive waste in the UK. 
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Box 3-7 RWM’s Disposability Assessment Process relating to 
characterisation 

As stated in RWM’s Disposability Assessment Aims and Principles (DAAPs) [52]:  

The principal aim of the Disposability Assessment Process is to minimise the risk that the 
conditioning and packaging of radioactive wastes results in packages incompatible with 
geological disposal, as far as this is possible in advance of the availability of WAC for a 
geological disposal facility.   

The process adopts a staged approach. 

• Pre-conceptual assessment (option development and review stage) – interaction and 
advice as packaging options and other waste management approaches for a particular 
waste stream are reviewed and eliminated by the waste owner. 

• Conceptual stage (focusing on analysis of feasibility) – establish whether, in principle, 
and when suitably developed, the proposed waste packages are likely to be compliant 
with RWM requirements.  At this stage, the Assessment Inventory should be clearly 
defined and supported by relevant characterisation results.  The evaluation of the 
Nature and Quantity of Waste is most detailed at this stage.   

• Interim stage (seeking underpinning evidence) – determine whether the evidence 
allows demonstration that the as-designed waste packages are compliant with RWM 
requirements.  At this stage, the evaluation of the Nature and Quantity of Waste should 
confirm that the existing Assessment Inventory remains applicable.  Further 
characterisation would not be expected.   

• Final stage (confirming plant characteristics) – determine whether the evidence allows 
demonstration that the waste packages as they would be manufactured would be 
compliant with RWM requirements.  The waste inventory should have been firmly 
established before the Final stage. 

RWM provide Assessment Reports in response to each submission that detail the 
assessment work undertaken.  The report may also be accompanied by a Letter of 
Compliance (LoC), which is a statement to the effect that the waste package as described in 
the submission has been assessed and found to be compliant with transport and geological 
disposal as currently defined.  The Assessment Report may include Action Points, which the 
waste producer must address satisfactorily.  The Action Points could be for the current 
stage or for a future one.  For example, an interim-stage assessment could result in four 
interim-stage Action Points (to be addressed before an interim-stage LoC is issued) and 
eight final-stage Action Points.  The Final LoC is periodically reviewed (~10 years) to ensure 
continued compliance. 

Further information on RWM’s Disposability Assessment process can be found in Reference 
[52], [53] and [54]. 

To ensure the safety and compatibility of each waste package within a GDF, RWM 
will: 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 40 

 

• establish package properties by developing a good understanding of the 
properties of the waste and the proposed waste packages; 

• assess the adequacy of the waste producer’s proposed arrangements for 
quality management, data recording and the management of nuclear 
materials; and 

• undertake safety assessments by comparing the performance of the packaged 
waste against the safety case assessments for transport and the operational 
and post-closure periods of a GDF. 

3.1.3 Storage pending disposal 

For waste that cannot be disposed in existing disposal facilities, with or without 
treatment, a viable management option is interim storage pending future disposal at 
a GDF or near-surface disposal facility.  Storage facilities must outline WAC / CFA that 
waste packages will need to meet to ensure safe storage.  However, it is recognised 
that in most cases the waste will be packaged ready for disposal at a GDF as per the 
approved packaging requirements (by way of LoC).  Therefore, the WAC / CFA for 
storage will be based around the same requirements that RWM set out in their 
Disposability Assessment process.  Industry guidance on interim storage of HAW 
packages is available [55]. 

3.1.4 Information recording and records management 

The waste management organisation receiving the waste may specify the data to be 
recorded.  For example, RWM provides requirements [56] and guidance [57] to waste 
packagers on the data and information recording requirements to cover the history 
of the packaged waste from the time of waste arising, through initial waste 
characterisation, waste package development, to package production, storage, 
transport and disposal in a GDF.   

3.2 Responsibilities of the waste producer 

The waste producer has the responsibility of demonstrating compliance in areas 
including: 

• licence and permit conditions (including the application of BAT / BPM 
throughout the lifecycle of the waste); 

• UK Radioactive Waste Inventory (UK RWI) reporting requirements; and 

• disposal, treatment and storage facility requirements. 

Appropriate and adequate characterisation is key to achieving and demonstrating 
compliance.  In addition, waste producers have a requirement to ensure that 
characterisation activities should be undertaken by persons who are considered 
Suitably Qualified and Experienced Personnel (SQEP).   
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3.2.1 Compliance with licence and permit conditions 

All waste producers must demonstrate compliance with permit conditions.  Waste 
producers must make and implement adequate arrangements to address the issues 
identified in the conditions.  A proportion of the conditions are related to waste 
characterisation.  For waste producers to maintain their permits they must 
demonstrate that their characterisation arrangements are appropriate to ensure 
compliance with their permits.  conditions presented below. 

LNS must also demonstrate compliance with licence conditions.  Each licensee can 
develop licence condition compliance arrangements that best suit its business whilst 
demonstrating that safety is being managed properly and ensuring compliance with 
licence conditions.  Arrangements may change over time as the site evolves and 
progresses through operations to decommissioning.  There are 36 standard licence 
conditions (LCs) developed by the ONR that are attached to all nuclear site licences.  
The conditions relevant to characterisation in particular are presented in Box 2-3.   

In England and Wales, waste producers must also meet the requirements of the 
Waste Duty of Care Code of Practice [58], which is issued under Section 34 the 
Environmental Protection Act 1990.  In Scotland, waste producers must also comply 
with the duties in Section 34 and guidance is provided in Duty of Care Code of 
Practice [59].  Waste producers must take all reasonable steps to provide an accurate 
description of the waste when it is transferred to another waste management 
organisation.  The description of the waste must be accurate and contain all the 
information to ensure the lawful and safe handling, transport treatment, recovery or 
disposal by subsequent holders. 

3.2.2 Compliance with UK RWI reporting requirements 

The UK has an international commitment to report data on radioactive waste and 
materials.  The UK must meet its obligation to comply with Article 32.2 of the Joint 
Convention on the Safety of Spent Fuel Management and the Safety of Radioactive 
Waste Management [60].  An inventory of radioactive waste must be provided for 
waste that: 

• is being held in storage at radioactive waste management and nuclear fuel 
cycle facilities; 

• has been disposed of; or 

• has resulted from past practices. 

The inventory contains a description of the material and other appropriate 
information available, such as volume or mass, activity and specific radionuclides etc.  
The information is submitted to the European Commission and the IAEA and used by 
a wide range of stakeholders.  The UK Inventory is sponsored by the Department for 
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Business, Energy and Industrial Strategy (BEIS) and the NDA; the data are collected by 
an appointed contractor.   

The UK RWI information is used as a baseline information source, along with more 
detailed information on specific waste streams, by waste producers in work 
undertaken to prepare inventory information required to support environmental 
safety cases, waste acceptance criteria and the Disposability Assessment process.  For 
waste management organisations such as LLW Repository Ltd and RWM, the UK RWI 
provides a useful starting point for planning purposes.  They collect information from 
the UK RWI that is relevant to their WAC. 

Waste producers have a responsibility to provide information on their waste to the 
inventory contractor who is appointment by BEIS and NDA.  This inventory exercise is 
conducted every three years.  Waste producers work with the inventory contractor to 
gather all the information needed for the inventory.  This includes providing 
information on their current stocks of waste and estimating future waste arisings.  
The estimates are based on planned future operations and decommissioning 
activities.  The information will be based on characterisation information including 
data obtained from samples, measurements and calculation.  Where there are 
uncertainties, best available information is used.  Survey data and historical evidence 
may be used to support the assumptions. 

The waste producers are responsible for quality-checking their data before they are 
submitted and for ensuring that any assumptions and uncertainties are supported 
and recorded.  The level and type of detail on waste in the current UK RWI and its 
data quality are the subject of current developments.  The users of this waste 
characterisation GPG should support these improvements. 

3.2.3 Compliance with disposal, treatment and storage facility requirements 

Waste producers must provide appropriate characterisation information to support 
their submissions to the waste management organisation (e.g. LLW Repository Ltd, 
landfill operators, incinerator operators and RWM).  The robustness of the 
information provided must be considered and be relevant to the selected waste 
management options.  It is therefore important that the appropriate activity 
assessment methods are selected.  The characterisation information should support 
waste producers in: 

• demonstrating compliance with relevant WAC / CFA; 

• demonstrating compliance with the relevant waste and assurance 
arrangements; 

• demonstrating compliance with transport regulations; 

• justifying the category of the waste (e.g. LLW, VLLW); 
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• segregating short-lived waste streams so that storage opportunities can be 
identified (as recommended in Reference [55]); and 

• supporting proposed conditioning and packaging arrangements. 

Waste producers are encouraged to engage with waste management organisations at 
an early stage.  The waste management organisations can provide advice on how the 
waste might best be managed, and the degree of information that they require to 
make an assessment of whether the waste is acceptable in principle.  Approval to 
dispose, treat, store etc.  of the waste needs to be sought from all waste disposal and 
waste treatment organisations prior to the waste being consigned. 

Box 3-8 presents the high-level information that the waste producers are required to 
provide to waste management organisations.  The level of the information required 
will be specific to each waste management organisation and therefore ongoing 
engagement is recommended.   

Box 3-8 What characterisation information needs to be provided to 
waste management organisations?  

Waste producers are required to provide the following information to the waste 
management organisation. 

• The physical characteristics of the waste (e.g. the nature of sludge, physical sizes of 
solids etc.). 

• The major chemical components of the waste (e.g. types of solid materials, major 
species in sludges, organic compounds etc.), including the expected or known 
inventory of chemical toxic species, such as heavy metals. 

• The nature of the radionuclides in the waste and in any specific components of the 
waste (e.g. irradiated fuel, sealed sources), including the sources of that information. 

• The characterisation activities that have been undertaken and the methods and 
techniques that were employed. 

• The limitations of the characterisation information being provided (i.e. is the data 
bounding or a maximum, is it representative, what are the uncertainties?). 

The level of detail required will vary depending on the waste management organisation’s 
requirements.  Direct reference to the specific waste site WAC / CFA must be made. 

Requirements specific to HAW11 

As part of the regulatory framework for long-term waste management, there is an 
expectation that LNS should produce a RWMC [16].  The RWMC should indicate in 
summary form how the key elements of long-term safety and environmental 

 
11  This GPG does not apply to characterisation of HLW within the HAW category. 
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performance will be delivered for the management of the waste stream or streams 
covered.  The RWMC is considered by the regulators to be the most efficient and 
effective way for demonstrating the long-term safety and environmental performance 
of the planned management of a specific waste stream over the entirety of its 
lifecycle. 

The RWMC also details the characterisation activities that will be undertaken over the 
entire lifecycle of the waste stream.  This approach aligns with the recommendations 
from the OECD / NEA and the joint guidance regulatory guidance on HAW 
management [16] for waste producers to adopt a ‘lifecycle approach’ to 
characterisation as described in subsection 1.4.3.  In producing a RWMC, there is also 
the opportunity to consider and address the issues identified in Box 1-4.   

The key areas relating to characterisation that waste producers should detail in a 
RWMC are highlighted in Box 3-9.   

Box 3-9 Radioactive Waste Management Case  

The RWMC provides a complete picture of the management of the waste stream(s), from its 
generation to its conditioning into the form in which it will be suitable for storage and 
eventual disposal.  Some key areas (relating to characterisation) that are included in the 
RWMC are listed below. 

• Details of how the waste has arisen (its origin). 

• Details of the methods to be used for the segregation and characterisation of waste 
and the steps to be taken to avoid dilution. 

• The evidence that the (segregated) waste streams can be characterised to the level 
necessary to ensure compliance with the specification of waste packaging (e.g. with 
respect to potential variability or heterogeneity). 

• Assurance that the composition of the conditioned waste, e.g. its radionuclide inventory 
and the presence of any reactive or toxic constituents, is known in sufficient detail to 
allow future compliance with the safety case and corresponding WAC to be 
determined. 

In producing the RWMC, waste producers will need to engage with the waste 
management facilities that will be used to treat or dispose of the waste.  The RWMC 
will become a component part of the Waste Management Plans (WMPs), which will 
be required for nuclear sites through the implementation of the environment 
agencies’ guidance on the requirements for release from Radioactive Substances 
Regulation [61]. 

The key points in the joint regulatory guidance [16] relating to characterisation are 
presented in Box 3-10.   
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If the waste is destined for disposal at a GDF or near-surface disposal facility, waste 
producers work with the packaging standards and seek input from RWM to 
demonstrate that the waste packages will be compliant with the Waste Package 
Specifications (WPS) and compatible with planned transportation and emplacement 
in the planned GDF.  Proposals are submitted for how waste producers plan to 
process and package their waste based on the standards and input.  RWM then 
assess the proposals to ensure they are consistent with the WPS before the waste is 
allowed to be processed.   

Box 3-10 Joint regulatory guidance on waste characterisation key points 
[16] 

Waste should be characterised within a quality framework using BAT / BPM.   

• A systematic approach to waste characterisation should be adopted in order to acquire 
data that are sufficient to support waste management decisions throughout the waste 
lifecycle.   

• Ensure there is a balance between the impacts and cost of data gathering and 
understand the effects of uncertainties in data on resulting decisions. 

• A lifecycle approach to waste characterisation programming should be adopted (i.e. 
ensuring the programme covers raw waste retrieval and the production of conditioned 
waste).  The programme should be supported, where practicable, by a suitable 
sampling plan.   

• Adopt appropriate quality assurance arrangements throughout the characterisation 
process and beyond to ensure records retention and knowledge management. 

• Use of provenance or modelling should provide corroborated data with suitable 
uncertainty bounds.  Preference should be given, where practicable, to direct 
measurement and determination of waste characteristics. 

• Characterisation approach, procedures and data need to be appropriately documented 
and managed. 

The waste properties should be known in sufficient detail so as to provide a sound 
foundation for its safe and effective management from generation through to disposal.  An 
Integrated Waste Strategy is dependent upon the availability of this information. 

Waste should be characterised so as to inform decisions about its subsequent management 
and disposal.  Characterisation information will be required at an early stage to support 
optioneering studies and to ensure that the WMH can be appropriately applied. 

3.3 Quality management 

A quality management programme for waste characterisation should be compliant 
with the international quality standard ISO 9001 framework, and will need to address 
three aspects. 
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• Quality Assurance (QA).  QA includes the development of systems and 
procedures that define how the measurement is to be made.  These 
procedures will be subject to detailed validation and verification to ensure that 
the defined procedure fulfils the intended objective of the measurement. 

• Quality Control (QC).  QC is the practice whereby the performance of the 
measurement is routinely confirmed by undertaking a predefined series of 
checks.  The results of these checks can be measured against a pass/fail 
criterion, which would detect short-term changes, or can be recorded over 
time to indicate any long-term drift indicating a gradual degradation in 
performance. 

• Proficiency testing.  The purpose of proficiency testing is to assess performance 
of laboratories for their conduct of specific tests, measurements or calibrations, 
and to have an independent appraisal of the laboratory’s data compared to 
reference values (or other performance criteria) or to the performance of 
similar laboratories.  The results from such participation provide laboratory 
managers with either a confirmation that the laboratory’s performance is 
satisfactory or an alert that investigation of potential problems within the 
laboratory is required. 

Characterisation campaigns should be undertaken in accordance with a Quality 
Assurance Programme (QAP), which describes the management arrangements and 
procedures to be applied to ensure that the characterisation campaign meets the 
characterisation objectives.  Aspects that should be addressed in the QAP and in 
lower level documents described below are summarised in Box 3-11.   

Characterisation campaigns involve a number of different activities, all of which 
should be undertaken within the overall quality management programme. 

• Development of the Characterisation Plan (CP), or equivalent document, which 
presents and justifies the proposed approach to waste characterisation.  The 
CP is described in subsection 4.9, and is a key QA document that provides the 
rationale for the chosen characterisation approach. 

• Development of the Data Acquisition Plan (DAP), or equivalent document, 
which specifies the data acquisition activities.  These might include: the 
specification of nucleonics calculations, the numbers, types and locations of 
new samples and the analytical schedule, including the required limits of 
detection and measurement accuracy.  The DAP is a lower level document than 
the CP, and is linked to it.  The DAP is described in subsection 4.9, and is the 
key document for SQEP who will undertake waste characterisation. 

• Development of the Characterisation Report (CR), or equivalent document, 
which presents and interprets the results of the waste characterisation 
campaign.  The CR is discussed in subsection 11.4, and is the key document 
supporting the decision-making process.   
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It is good practice to produce a Quality Plan (QP) to demonstrate that all activities 
have been undertaken in accordance with the requirements of the QAP.  It is in 
tabular form, with each required activity forming a row on the plan.  The controlling 
document (e.g. the method statement) for each activity is specified.  The responsible 
person for each activity is specified, together with any required witness or witnesses 
to the activity.  The titles and locations of any documents produced from the activity 
are listed.  At the end of the activity, the relevant line in the QP is signed off to 
confirm the activity has been completed in line with the controlling document; details 
of any documents produced from the activity are added.  At the end of the waste 
characterisation process, all activities are signed off; at this stage, the responsible 
manager will approve the completed QP to confirm that all work has been 
successfully completed. 
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Box 3-11 Quality management basic principles 

A QAP produced for a characterisation campaign should cover some or all of the following 
aspects (depending on the scope of work): 

• overarching policy statement on the application of quality assurance to the project; 

• definition of the Quality Standards (e.g. ISO 9001 and 14001) against which all work to 
be undertaken will be assessed; 

• applicable management procedures.  These will be written company procedures 
applicable to the scope of supply; all work undertaken on the project should be in 
accordance with these management procedures; 

• management, organisation and responsibilities for the project, including identification of 
key control and supervision positions and specific responsibilities; 

• project controls.  This will include aspects such as: contract specification; project change 
control procedures; application of Quality Plans; progress reporting; and control of 
subcontractors; 

• non-conformance and corrective action; 

• training, including the provision of training records to demonstrate that all staff are 
SQEP to carry out the required work; and 

• compliance of procedures with quality assurance requirements, through maintenance and 
storage of project records and implementation of audits undertaken by (as required) 
the project team, the customer and external organisations. 

The QAP should reference out to the CP and DAP for the following: 

• project-specific method statements.  Method Statements will generally incorporate risk 
assessments, control measures and corrective actions.  From the quality perspective, 
they will describe all activities necessary to ensure the required level of quality is 
achieved; 

• control of measuring and testing equipment, covering aspects such as the calibration of 
equipment and the accreditation of testing laboratories; and 

• waste management, which describes the arrangements for the management of solid 
and liquid waste produced from any sampling activities. 

Should the waste producer choose to use an external commercial laboratory, they 
have a responsibility to ensure they contract an appropriate organisation to 
undertake the work.  It is recommended that analysis should be undertaken in 
laboratories (commercial and internal) operating under UKAS accreditation to ISO 
17025.  Guidance on selecting a suitable analytical testing laboratory is provided in 
subsection 10.4. 
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4 The waste characterisation process  

Box 4-1 Aims of Chapter 4 

This chapter recommends a systematic process for characterising solid radioactive waste.  
After reading this chapter, the reader should: 

• understand the overall waste characterisation process, key activities and key decision 
points; 

• understand the different objectives of characterisation at different stages of the 
characterisation lifecycle, and what this means in terms of information requirements; 
and 

• recognise that there are a number of approaches to acquire the necessary waste 
characterisation information, and to understand the relative advantages and 
disadvantages of each. 

 

4.1 Introduction 

This chapter recommends and describes a systematic process for characterising solid 
LLW and ILW for radioactivity, hazardous non-radioactive substances, chemical 
properties and physical properties.  Following the recommended process will help to 
ensure that when a waste characterisation ‘campaign’ has been completed, it will 
have provided sufficient data to make the required decision with an appropriate level 
of confidence. 

The waste characterisation process described in this GPG aligns with the principles of 
the widely-used Data Quality Objectives (DQO) process [62] developed by the United 
States Environmental Protection Agency (US EPA).  However, as it is specific to solid 
radioactive waste characterisation, the steps do not explicitly match those of the DQO 
process.  The benefit of using a systematic planning process is that it forces those 
planning waste characterisation activities to consider the following questions: 

• Why is characterisation needed? 

• What type and quality of data are required to achieve the characterisation 
objective? 

• Are new data required to achieve the characterisation objective? 

• How will new data be used to achieve the characterisation objective? 

The process recommended in this GPG addresses all of the planning, implementation, 
assessment and decision-making steps.  A flowchart of the process is shown in 
Figure 4-1.  Later sections in this chapter present the individual steps in more detail.  
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The process should be applied in a proportionate manner, to reflect the hazardous 
nature of the waste and the characterisation objective.   

The final step in Figure 4-1, decision-making, is not part of the characterisation 
process but is included in the figure and briefly addressed in this GPG through 
signposting out to existing guidance on BAT/BPM.  This final step is included to 
emphasise that characterisation should always be undertaken for a purpose. 
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Figure 4-1 Overview of the waste characterisation process (see text for 
details) 

The process shown in Figure 4-1 describes a phase or ‘campaign’ of waste 
characterisation.  As illustrated in Figure 1-2, other phases of characterisation may 
take place at other times during the lifecycle of the facility or project.  The scope of 
waste characterisation during a campaign should be informed both by the specific 
characterisation objective and by broader ‘lifecycle characterisation’ considerations.  
This is made clear at appropriate points in the following sections. 

It is important to recognise that information from waste characterisation is only 
sometimes used to make a data-driven decision, such as categorisation of a waste.  In 
many cases, the information is instead used to build understanding of waste 
behaviour.  The process recommended in this GPG is appropriate both for 
decision-making and to build understanding.   

It is also important to recognise that characterisation is likely to be an iterative 
process.  The improved understanding gained as the waste characterisation process 
progresses can lead to requirements for additional characterisation.  For example: 

• in the characterisation of facilities (such as cooling ponds) or contaminated 
land12, additional sampling and analysis is often required to quantitatively 
characterise more contaminated areas identified from radiation surveys;  

• results from screening analyses to identify the presence of broad classes of 
contaminants in the waste, such as alpha-emitting radionuclides, beta-emitting 
radionuclides and volatile organic compounds (VOC), can lead to a 
requirement for subsequent radionuclide or compound-specific analysis; 

• the number of samples required to achieve a certain level of confidence in 
correct sentencing of waste will be estimated at the start of the 
characterisation process.  As information on actual contaminant concentrations 
becomes available, it may be necessary to adjust the numbers of samples 
analysed to achieve the desired level of confidence. 

For these reasons, the process shown in Figure 4-1 includes a point at which the 
output from the preceding steps should be reviewed by returning to Step 1 and 
repeating the preceding steps.   

Information should be recorded at each step in the waste characterisation process.  
At Step 8, formal documentation for waste characterisation is produced.  These 
documents will draw on information recorded during earlier steps. 

 
12  In this GPG, ‘contaminated land’ is used in a general sense to describe land that contains 

contaminants. The term ‘contaminated land’ is not used in this GPG in its legal sense 
under Part IIA of EPA 1990, unless this is explicitly stated.  
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All successful organisations learn from experience.  In the nuclear industry, ‘Learning 
from Experience’ (LfE) is an integral part of the quality and safety culture, and should 
be embedded in the waste characterisation process.  Opportunities for LfE should be 
identified and scheduled.  As a baseline, this GPG recommends an LfE session at the 
end of each of the planning, implementation, assessment and decision-making 
phases of the process.  LfE from previous waste characterisation projects should be 
reviewed before embarking on a new characterisation project. 

4.2 Step 1.  State the problem and identify the key stakeholders 

4.2.1 Recommended activities in Step 1 

1.  State the reason for characterising the waste.  Example ‘problem statements’ are 
listed below.  Broad, high level statements are appropriate at this step. 

Box 4-2 Step 1.  Example problem statements 

A range of example problem statements is given below.  Characterisation is required to: 

• develop a preferred scheme for facility refurbishment; 

• estimate the volume of radioactive waste to be excavated during a land 
remediation project; 

• enable waste from a building demolition to be correctly sentenced for disposal; 

• enable a retrieval system to be developed for ILW sludges; 

• identify a preferred (BAT / BPM) treatment process for a HAW; 

• select a preferred encapsulation / immobilisation medium for an ILW ion exchange 
resin; 

• enable the disposability of a higher activity waste to be assessed; or 

• ensure a lower activity waste is suitable for disposal at the LLWR (through 
demonstration of compliance with the WAC). 

2. Provisionally identify the boundaries of the waste to be characterised.  The 
following are required. 

• Spatial boundary.  Examples are: the contents of a waste vault, tank or drum; 
concrete waste produced from demolishing a facility; and land contamination 
in a specified footprint.  Spatial boundary is one of the inputs needed to 
estimate the volume of waste that will be produced. 

• Material types.  Some waste will comprise a single material, for example 
graphite, steel or concrete from reactor components.  In other cases, waste 
may comprise different components (e.g. concrete reinforced with iron bars) 
or be produced by combining materials arising from different processes.   
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• Temporal boundary.  This boundary may be relevant if waste processes and 
materials have changed substantially with time.  In addition, if substantial 
hazard reduction occurs through decay of short-lived radionuclides, this may 
influence the Safe System of Work (SSoW) or the applicability of some waste 
management options. 

3. Identify stakeholders for engagement 

This GPG is concerned only with waste characterisation.  At this level, engagement 
will be primarily for technical purposes.  It is likely to involve only a sub-set of 
stakeholders engaged for the overall project.  However, for major high-profile 
projects there may be a need to consider wider, non-technical stakeholder 
interest.  Key stakeholders for waste characterisation are identified in Box 4-3.   
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Box 4-3 Step 1.  Stakeholders in the waste characterisation process 

In the list below, distinction is made between stakeholders who should always be 
consulted and stakeholders engaged depending on the issues raised in the 
characterisation process.   

Always consult the following: 

• Relevant technical experts within the company that is producing the waste.  
Intelligent Customers (IC)s and Subject Matter Experts (SME) have specific technical 
expertise; e.g. in identifying potential waste processing options and in the design of 
the preferred solution.  Facility managers and site infrastructure staff should be 
consulted to advise on the accessibility of preferred sampling locations. 

• Relevant advisors within the company that is producing the waste.  For example, the 
Radiation Protection Advisor and Health, Safety and Environment advisors if more 
than desk-based characterisation activities are planned, and the Radioactive Waste 
Advisor in support of radioactive materials and waste legislation for the protection 
of the environment. 

• Analytical testing laboratories.  Early engagement will: help to ensure selection of 
analytical techniques and limits of detection that: meet the characterisation 
objectives; ensure use of appropriate sample containers, preservation and 
maximum storage times, and; ensure understanding of CFA of samples at the 
testing laboratory. 

• Operators of waste processing, storage and disposal sites.  Such operators should 
always be consulted to ensure that the waste characterisation information required 
by these organisations is obtained.  For existing disposal facilities, key information 
is contained in the WAC or CFA. 

Consult as appropriate 

• Additional relevant staff within the company that is producing the waste.  Staff, such 
as Radioactive Material Transport Officers and accredited Health Physics staff, will 
have knowledge of site-specific procedures and may be required to approve 
aspects of the characterisation process.  They should be consulted as necessary. 

• Specialist sampling contractors.  Collecting some types of samples will require 
specialist contractors such as drillers.  The site operator should consult with the 
contractor to identify the best available sampling techniques for the particular 
determinand or measurement.  Issues to consider are heating and mechanical 
damage to the sample, which would make them unsuitable for some 
characterisation purposes, and the potential for cross-contamination during 
sampling.   

• Regulators.  Regulators should be engaged with if the waste characterisation 
process is novel or without precedence on the site, in order to understand and 
address any concerns they might have. 

• Wider Stakeholders: This could include local government, non-governmental 
organisations, government and the public, for example for projects such as 
decommissioning an offsite effluent discharge pipeline or major legacy facility. 
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4.2.2 Recommended outputs from Step 1 

The aims of Step 1 are to provide a concise description of the problem and to identify 
the key stakeholders for the subsequent steps in the process.  The recommended 
outputs are summarised below. 

1. A simple problem statement.  Examples are given in Box 4-2. 

2. The boundaries of the waste to be characterised.   

The waste to be characterised is likely to be a part of a waste stream in the UK 
RWI.  On occasions, it could be the complete waste stream.  In selecting 
boundaries: 

• take account of the additional complexity that will be introduced by increasing 
the number of materials, sources or processes within a waste.  It will increase 
heterogeneity and complicate the derivation of representative compositions; 

• consider segregation of waste during pre-treatment (see Figure 1-1), which is 
likely to simplify subsequent characterisation and potentially simplify the 
subsequent waste management.  Any requirement for segregation will be 
dependent on the subsequent management route; it may be possible to treat 
the waste as one material stream for some routes.  Recognise that there is a 
balance to be struck in the cost of segregating and characterising a large 
number of homogeneous waste-streams as against a smaller number of less 
homogeneous waste-streams.   

Box 4-3 shows that some stakeholders would be engaged for all projects 
involving waste characterisation.  Engagement with other stakeholders would 
depend on issues such as the scale of the work required or the novelty of the 
proposed characterisation approach.  Engagement with stakeholders at an early 
stage in the planning process (most likely Step 3) will minimise the potential for 
unnecessary or inappropriate characterisation.  Stakeholder engagement should 
always be undertaken before further characterisation is undertaken (Step 10). 

4.3 Step 2.  Identify the characterisation objective(s) 

4.3.1 Recommended activities in Step 2 

There are three recommended activities within Step 2. 

1. Understand the context of the characterisation campaign within the lifecycle of 
the facility or site.  See subsection 1.4.3 for discussion of the lifecycle approach 
and of issues to consider when scheduling and scoping characterisation activities. 

2. Identify the purposes of waste characterisation (as defined in subsection 1.4.3: 
part of ‘site characterisation’ or ‘facility characterisation’ etc.) at the different 
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stages in the lifecycle.  Develop brief characterisation objectives for the different 
phases of characterisation.  See examples in Figure 1-2. 

3. Based on 1 and 2 above, identify and describe the characterisation objective for 
the characterisation campaign that will be the subject of the workflow in 
Figure 4-1. 

4.3.2 Recommended output from Step 2 

1. A lifecycle approach to characterising the waste should be developed and 
justified.  Use the approach shown in Figure 1-2 to define high level 
characterisation objectives for the different phases of characterisation.  Identify 
the various phases of characterisation through the lifecycle and their objectives.  
A figure may be helpful in demonstrating the phased nature of the planned 
characterisation. 

2. Identify the stage of the lifecycle at which the characterisation campaign (the 
subject of the workflow in Figure 4-1) is to be undertaken.  The detailed decision 
on when within this lifecycle stage to undertake the characterisation campaign is 
taken in Step 6.  The decision is deferred to that point because it requires an 
understanding of the types of characterisation information that will be required.  
This in turn will help identify suitable opportunities for characterisation. 

3. Develop a more detailed objective for the characterisation campaign.  It will be a 
development of the problem statement developed in Step 1.  Examples of 
characterisation objectives are given in Box 4-4.  Where the characterisation 
objective is to identify an optimum waste processing solution, the range of 
potential waste processing options should be identified in this step because it will 
help ensure that appropriate information requirements are identified in Step 3. 
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Box 4-4 Step 2.  Example characterisation objectives 

Site characterisation or facility characterisation 

• The walls and floor of a drained cooling pond or waste vault are to be characterised to 
determine the volumes and depths of concrete contaminated above OoS values, and 
the inventory, fingerprint and concentrations of radionuclides.  This information will be 
used to develop a strategy for decommissioning the facility and managing the waste; 
either in situ management or ex situ management.  To determine whether in situ 
management might be appropriate, information will be needed to assess the 
consequences of inadvertent human intrusion, as well as of leaching of radionuclides 
into the groundwater pathway.  For ex situ disposal, information will be needed to 
select an appropriate decontamination/ excavation technique and to identify an 
appropriate disposal route for the waste produced. 

Characterisation to enable the optimum13 waste processing solution, which also considers the 
requirements to safely transport, store and dispose of waste, to be selected and designed. 

• Physical and chemical characterisation of a sludge is required to develop an approach 
for retrieving the sludge and to select the BAT / BPM for subsequent waste processing.  
At this stage, high temperature processing (glass or ceramic wasteforms) and 
cementation (a range of cement formulations, including geopolymers) are being 
considered in the strategic BAT / BPM as possible treatment options.  Consideration 
should also be given to collecting opportunistic information to enable preliminary 
process design. 

• Radiological, physical and chemical characterisation of a plutonium-contaminated 
material (PCM) waste is required to determine the distribution of radionuclides 
between the product, off-gas and liquid effluent during hot isostatic pressing. 

Characterisation as part of the waste sentencing process, to ensure waste is correctly classified 
/ categorised (exempt, LLW or ILW) and complies with the WAC/CFA for treatment, storage or 
disposal solutions 

• Contaminated land is being excavated as part of a remediation scheme.  The 
remediation end point is to excavate all land contaminated above OoS level.  Waste 
contaminated above 200 Bq/g is to be disposed at the LLWR; waste between 200 Bq/g 
and OoS is to be disposed to licensed landfill.  The characterisation objective is to 
determine, with a high level of confidence (here defined as the 95% confidence level), 
which volumes of land require excavating and where the waste produced should be 
disposed. 

 
13  Environment agencies require that BAT / BPM be applied to the generation, management 

or disposal of radioactive waste. The terms ‘optimum’ and ‘optimisation’ are used in this 
GPG rather than ‘BAT/BPM’ as they have meaning for a wider audience.  In this GPG, 
they are considered broadly synonymous with ‘BAT / BPM’. Further description of BAT / 
BPM is provided in Box 2-2. 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 59 

 

4.4 Step 3.  Determine the information required to achieve the 
characterisation objective(s) 

4.4.1 Recommended activities in Step 3 

Step 3 identifies the information that will be required to achieve the characterisation 
objective and the required levels of confidence in that information.  In this step, it 
would also be appropriate to consider any additional information that might be 
required from applying a lifecycle approach to characterisation.  Refer to Box 1-4 for 
further information.  The following activities are recommended. 

1. Develop questions that may be useful to help identify what characterisation 
information will be required.  Box 4-5, Box 4-6 and Box 4-7 present example 
questions for the three different characterisation purposes.  For all three 
characterisation purposes, one of the drivers for characterisation will be to ensure 
that subsequent management of the waste is optimised; for example, that BAT / 
BPM is selected and that doses are kept ALARP. 

2. Determine the characterisation information required to achieve the 
characterisation objective.   

• Develop the list of parameters and processes for which information is required.  
These should cover all of contaminant concentrations and the physical and 
chemical characteristics of the waste.   

• Determine how each piece of information will be used to achieve the 
characterisation objective.  Is it for decision-making or to build understanding 
of how the waste will behave during subsequent waste processing, storage and 
disposal? 

• From an understanding of how the information is to be used, decide and 
justify whether the value for the parameter or characteristic should be 
determined by a qualitative approach (such as expert judgement) or a 
quantitative approach (such as probabilistic analysis).  See Box 4-8 for 
discussion.   

• For either the expert judgement or probabilistic approach, it is good practice 
to: 

− decide whether the parameter/characteristic is to be represented by a best-
estimate value or a cautious value (or whether both measures are required).  
See Box 4-8 for further discussion. 

− decide what level of confidence (or conversely ‘uncertainty’) is acceptable 
for the representative (or ‘best estimate’) mean value of the parameter/ 
characteristic.  Best estimates can be produced for any statistic (mean, 
median, percentile etc.).  However, this GPG is generally concerned with 
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best estimates on the mean.  The relevant statistic is made clear in 
subsequent text; 

− decide on the meaning of ‘cautious estimate’.  This could be a qualitative 
description or a quantitative measure; for example, ‘there is only an x% 
chance of this value being exceeded’; 

− decide whether the parameter/characteristic can be represented by a single 
point estimate (see Box 4-8) or whether a representation of uncertainty (or 
alternatively, ‘confidence’) is required.  In the case of expert judgement, an 
understanding of uncertainty could be elicited from appropriate experts.  
For a probabilistic approach, understanding of uncertainty would be 
obtained from statistical analysis of the collected data; 

The information required above should be developed from: 

• an understanding of the characterisation objectives (Step 2); 

• engagement with stakeholders (see list in Box 4-3).  For example, where waste 
is to be transferred to another organisation for treatment or disposal, it will be 
necessary to determine the requirements of the WAC / CFA and the acceptable 
levels of uncertainty for waste characteristics, and; 

• answering the questions posed in Box 4-5, Box 4-6 and Box 4-7. 
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Box 4-5 Step 3.  Examples of questions to be asked when planning the 
characterisation of site or plant structures and associated waste  

What do I need to know to categorise the waste? Information needed includes 
concentrations of radioactive contaminants and hazardous non-radioactive substances in 
engineered structures (concrete, metal etc.) and the environment (soils, rocks, surface 
waters and groundwater).  Also, a description of the physical and chemical properties of the 
engineered and environmental materials. 

How do I estimate the volumes and categories of waste? Survey and sampling data will be 
needed to determine the spatial extent of contamination.  An understanding of the history 
of the site or facility is needed, including description of potential or known contaminating 
processes (e.g. contact with contaminated cooling pond water) and events (e.g. leaks).  
Knowledge of radionuclide migration behaviour within relevant construction materials or 
the ground will also be valuable. 

How do I assess the environmental and human health consequences of alternative waste 
management strategies, including the potential for in situ disposal of some or all waste? The 
principal information needs are contaminant concentrations and an understanding of the 
processes that cause radionuclides to migrate in the environment and within engineered 
structures.  An understanding of exposure pathways and receptors is required.  Figure 1-3 
illustrates the distribution of radioactive contaminants in the walls and floor of a cooling 
pond.  Radionuclide migration distances can be estimated from an understanding of the 
physical and chemical properties of the concrete and the behaviours of the radionuclides. 

What do I need to know to design the decommissioning / remediation scheme? Information 
will be needed to understand: the practicality of excavating the waste (e.g. need depth to 
groundwater in soils / rocks); the constraints imposed by other facilities and infrastructure 
(e.g. need engineering drawings, locations of buried services etc.), and; facility 
decommissioning techniques to support the application of the waste management 
hierarchy through segregation, sorting and decontamination.  Information to ensure the 
work can be planned safely is a key requirement. 

What do I need to know to ensure safe transport of waste? Examples of information needed 
are (i) radionuclide activities, external dose rates and other parameters as defined by 
transport regulations and (ii) an understanding of the performance of the waste package in 
the event of an accident.  This information will ensure that appropriate containers and 
packages are used for off-site transport of waste.  Transport regulations tend to be more 
restrictive than many other aspects of waste management, and hence may drive the need 
to reduce characterisation uncertainty. 

What do I need to know to demonstrate the disposability of the conditioned waste? An 
understanding of both the current condition and evolution of the waste package is needed.  
For waste with existing disposal routes, the WAC should be used to identify information 
requirements.  For HAW, reference should be made to RWM’s disposability assessment 
process and the joint HAW regulatory guidance.  See subection 3.1.2 for further 
information. 
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Some information may require new data acquisition activities.  Some, in particular the 
history of the site or facility and description of potential or known contaminating processes, 
will be obtained through review of existing information.  See Step 4. 
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Box 4-6 Step 3.  Examples of questions to be asked when selecting and 
designing the optimum waste processing solution 

What do I need to know to choose the waste retrieval process? For waste such as sludges or 
resins, which will be retrieved hydraulically / pneumatically, the issue is waste ‘pumpability’.  
‘Pumpability’ information is needed to understand pressure drops and to enable selection 
of pumps.  This requires information on waste mobilisation/ cohesiveness, density, particle 
size distribution, settling velocity, yield stress etc.  For waste, such as Fuel Element Debris 
(FED) or Miscellaneous Activated Components (MAC), which are recovered mechanically, 
information such as the size of items in the waste will be needed to design the mechanical 
grab.  For all waste, it may be necessary to wash and dry waste prior to treatment and 
conditioning.  What effluents would be generated during this process?  

How do I decide whether waste segregation would be beneficial during pre-treatment? 
Relevant characteristics are identification of waste materials (e.g. concrete, soil, sludges, 
metals, and resins), waste heterogeneity and contaminant distribution between materials.   

How do I transfer and feed the waste for processing? Some information is needed for 
understanding ‘how do I retrieve the waste?’ Information is also needed to understand the 
range of waste that can be handled by the tolerance of any process to the waste. 

What do I need to know to ensure safety and to understand and mitigate environmental 
impacts during waste processing? Examples of information needed to ensure safety are 
(i) radiological properties (radionuclide activities, criticality issues, external dose rates) and 
(ii) flammability (e.g. production of hydrogen by radiolysis and from reactive metals; 
methane from organic waste).  Flowsheets should be used to determine partitioning 
between solid waste products, liquid effluent and gaseous effluent.  Such information is 
also needed to understand environmental impact.  Where do radionuclides and hazardous 
chemical substances end up: in the product? In gaseous effluent? In liquid effluent? Also, 
recognise that accumulations of radionuclides (e.g. over decades) may go undetected given 
the precision of process monitoring.  Characterisation may be needed to identify possible 
accumulations. 

What do I need to know to select and design a waste conditioning approach? Chemical 
characterisation will be important to understand interactions with potential encapsulants.  
In thermal treatment, glass composition may have high tolerance towards chemical 
characteristics of waste.  However, there might be more concern about off-gas or organics 
if a low temperature encapsulation process was being considered. 

What do I need to know to ensure safe transport of waste? Examples of information needed 
are (i) radionuclide activities, external dose rates and other parameters as defined by 
transport regulations and (ii) an understanding of the performance of the waste package in 
the event of an accident.  This information will ensure that appropriate containers and 
packages are used for off-site transport of waste.  Transport regulations tend to be more 
restrictive than many other aspects of waste management, and hence may drive the need 
to reduce characterisation uncertainty. 

What do I need to know to demonstrate the disposability of the conditioned waste? An 
understanding of both the current condition and evolution of the waste package is needed.  
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For waste with existing disposal routes, the WAC should be used to identify information 
requirements.  See Box 3-3 for information on WAC for the LLWR.  For HAW, reference 
should be made to RWM’s disposability assessment process.  See subsection 3.1 for further 
information. 

Box 4-7 Step 3.  Examples of questions to be asked when planning waste 
sentencing 

Are all radionuclides within the waste to be measured during sentencing, or will a 
radionuclide fingerprint approach, coupled with analysis of an easy to measure radionuclide 
(or a small number of easy to measure radionuclides), be used instead? For waste containing 
more than a small number of radionuclides, a radionuclide fingerprint approach will be 
appropriate.  See Chapter 7 for guidance on the generation and use of waste fingerprints. 

What decision is being made? Decisions during waste sentencing are generally binary.  For 
example, is the waste In Scope or OoS of RSR? It will be necessary to identify the decision 
being made in order to determine information requirements.   

Do I need to understand heterogeneity with in the waste? If the measurement volume is 
smaller than the scale at which the waste exhibits heterogeneity (which is almost certainly 
the case), then it will be necessary to take account of waste heterogeneity during 
characterisation.  See Chapter 6 for further information.   

What level of confidence is required in the decision being made? Particularly for waste that is 
close to category boundaries (e.g. OoS or VLLW?), it will be necessary to demonstrate a 
level of confidence in the decision made regarding waste categorisation.  The focus will be 
on establishing the number of samples or measurements to be taken to reduce the chance 
of wrongly categorising waste to a defined level.  See Box 10-6 for further information. 

Is it necessary to take account of background radioactivity when sentencing the waste? 
Guidance on when it would be appropriate to take account of background radioactivity, 
and how to take account of background radioactivity, is given in Box 7-5 and Reference 
[10]. 

Do I understand the WAC/CFA for the planned treatment, storage or disposal solutions?  The 
waste must comply with regards to all of radionuclide properties, hazardous chemical 
substance properties, physical properties and chemical properties listed in the relevant 
WAC/CFA.  See subsection 3.2 and Box 3-2 to Box 3-7 for further information. 
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Box 4-8 Approaches to representing information 

Best estimate returns a value for the waste characteristic that is believed to be 
representative.  A best estimate can be produced for any statistic, such as the mean, the 
median, or a given percentile of a group of measurements.  Best estimates are: 

• generally used in strategic-level conceptual models of facilities, waste or land to 
identify a preferred remediation, decommissioning or waste management strategy.  The 
best estimate can be determined using either qualitative (such as expert judgement) or 
quantitative (such as probabilistic analysis) approaches.  Generally, there is no 
requirement to represent uncertainty in the chosen characteristic or parameter.  In this 
case, the one value presented is referred to a ‘single point estimate’; 

• required for waste categorisation and sentencing.  The best estimate should be derived 
quantitatively.  A quantitative understanding of variability is also required to enable 
sentencing decisions to be made at specified levels of confidence.  This will require 
estimation of population parameters from characterisation information. 

In both cases above, this GPG is usually concerned with the best estimate of the mean. 

Cautious estimate returns a value for the waste characteristic that is known to be cautious 
with respect to the decision to be made or the process to be designed.  In some 
circumstances, the cautious value may be the upper limit or ‘bounding value’, where this 
can be determined with confidence.  Cautious estimates: 

• are generally used when developing optimised waste processing approaches; for 
example, to determine whether a waste is suitable for a particular treatment technology 
or to demonstrate the disposability of a waste; 

• can be expressed in a qualitative manner or a quantitative manner (e.g. ‘there is only an 
x% chance of this value being exceeded’).  It is possible to iterate, through collection of 
additional information, to produce a less cautious estimate if necessary. 

An ‘expert judgement’ approach to determining the best estimate or cautious estimate using 
new measurements is possible if it is known where such a measurement can be made.  This 
either requires: 

• sufficient understanding of the system to know that a best estimate or cautious 
estimate measurement can be made in a particular location (for example, in a particular 
storage vessel or at the accurately known location of a leak) or; 

• that previous characterisation data enables subsequent sampling or non-destructive 
assay to be targeted at a best estimate or cautious estimate location.  For example, a 
gamma walkover survey could be used to identify ‘hot spots’ or areas with ‘typical’ 
concentrations of gamma-emitting radionuclides.  Subsequent sampling of these 
locations would provide best estimate or cautious estimate values. 

A quantitative approach, such as a probabilistic approach, requires more samples/ 
measurements than the expert judgement approach.  Extensive guidance is available on the 
subject of probabilistic (or ‘non-judgemental’) sampling and on statistical analysis of data 
to determine the mean and variability of the population from sampling of that population.  
See Box 10-6.  Uncertainties in the values of both a best estimate and a cautious estimate 
(determined using the calculated variance) are both reduced by taking more 
measurements, assuming this is done in an appropriate manner. 
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Only a small number of measurements are needed to obtain estimates using a qualitative 
approach such as ‘expert judgment’.  The confidence in the approach rests on the quality of 
the ‘expert judgment’.  Likewise, single estimates of all measures can be obtained by 
calculation based on appropriate choices of fluence, material composition and the age of 
the waste. 

4.4.2 Recommended output from Step 3 

The recommended output from Step 3 specifies the information required, how each 
parameter is to be represented (best estimate or cautious estimate), the acceptable 
level of uncertainty of each parameter and the required accuracy and limit of 
detection of the characterisation technique.  This will enable appropriate approaches 
to characterisation and analytical techniques to be selected in Step 6.  Refer to 
subsection 11.3 of this document, which discusses sources of uncertainty and 
provides guidance on how to determine an acceptable level of uncertainty and how 
to estimate uncertainty.   

The waste characterisation campaign is designed in Step 8, and is described in the 
DAP.  The DAP defines the locations and numbers of any samples and/or in situ 
measurements to be taken, and the details of any calculations to be made.  That is, it 
describes how to achieve the information requirements determined from Step 3.  
Collecting more information reduces uncertainties in parameters or decisions made, 
assuming further data collection is done in an appropriate manner.  However, the 
parameters of the underlying distribution are ‘what they are’, and no further data 
collection activity will change this.  In the event that the outcome (such as a decision 
on waste sentencing) is unpalatable, collecting more information will not change the 
outcome. 

The requirements of waste management organisations are presented in 
subsection 3.1.  For existing disposal and treatment routes, characterisation 
information needs to be sufficient and suitable to demonstrate that the requirements 
of the WAC and CFA have been met.  For example, there may be limitations on free 
liquids, putrescible waste14 and pressurised gas canisters.  For future disposal of HAW 
to the GDF or a near-surface disposal facility, the RWM Disposability Process may 
require limitations or exclusion of certain chemical complexants.  Discussion and 
guidance is given below for each of the three characterisation purposes. 

Site characterisation and facility characterisation 

• Box 4-5 gives examples of questions that may be useful when developing 
information requirements during site characterisation and facility 
characterisation.  This information is commonly used to develop a conceptual 

 
14  A putrescible waste is a solid waste that contains organic matter capable of being 

decomposed by microorganisms and of such a character and proportion as to cause 
obnoxious odors and to be capable of attracting or providing food for birds or animals. 
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model of the facility or surrounding land.  This GPG only considers the 
characterisation of the radioactive waste.  In the context of site 
characterisation, this GPG does not consider the characterisation of the 
geological, hydrogeological or hydrological environment at the site.  It does 
not provide guidance on how to manage the contaminated land.  Abundant 
GPG on the characterisation, assessment and remediation of contaminated 
land is available; for example, refer to the SAFEGROUNDS Learning Network 
guidance on the management of contaminated land on nuclear-licensed and 
defence sites [8]. 

Characterisation to enable the optimum waste processing solution, which also considers 
the requirements to safely transport, store and dispose of waste, to be selected and 
designed. 

• Information needed for all of the potential waste management options under 
consideration should be identified.  This may include any of waste processing, 
transport, storage and disposal.  See Figure 1-1.  This information will have 
been determined in Steps 1 and 2 of the waste characterisation process.   

• For any waste, the questions to be asked will be broadly the same.  An 
understanding of both contaminant concentrations and the behaviour of the 
waste during processing, transport, storage and disposal will be required (see 
Box 4-6).  In all cases, it will be important to consider the characteristics of the 
waste that will provoke decisions to be made.  Recognise that, although this 
GPG concerns solid radioactive waste, characterisation may be required on all 
of solid, liquid and gaseous materials. 

• An understanding of the physical and chemical properties of the waste will 
generally be obtained from an informed understanding based on a range of 
information, rather than from a single piece of information.  More detailed 
evaluation of data may be needed rather than a measurement simply meeting 
a ‘pass / fail’ criterion.  For example, container wall thickness measurement 
may indicate corrosion is occurring in a waste package.  SQEP will be needed 
to undertake this evaluation. 

• An important driver for characterisation is the hazard reduction that will be 
achieved by the production of a conditioned waste.  Inadequate 
characterisation will likely lead to subsequent additional design and 
operational costs.  Both these issues should be borne in mind when 
identifying the characterisation information required. 

Characterisation as part of the waste sentencing process, to ensure waste is correctly 
classified / categorised (Exempt, LLW or ILW) and complies with the WAC/CFA for 
treatment, storage or disposal solutions 
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• Information on radionuclide activities and on the concentrations of hazardous 
chemical substances in the waste is required to enable waste to be correctly 
categorised.  It is important to understand the relevant activity limits for the 
different waste categories.  This will include understanding whether the limits 
are radionuclide-specific or a bulk activity, and determining which limit is the 
most constraining.  Uncertainties in radionuclide activities will need to be 
established, particularly for waste close to waste category boundaries.  
Box 4-7 gives examples of questions for characterisation as part of waste 
sentencing. 

4.5 Step 4.  Review and evaluate existing information 

In most practical waste management applications: 

• some information will already be available on the waste that needs to be 
characterised; 

• some information will already be available on similar waste elsewhere; and / or 

• some waste characteristics can be inferred from an understanding of the 
process that created the waste. 

This information should be reviewed and evaluated to build an understanding of 
waste characteristics.  This review and evaluation is cost-effective and will ensure that 
new characterisation data do not simply reproduce available information, with 
consequent unnecessary effort, cost and exposure of workers to hazards.  Chapter 5 
gives guidance on the review and evaluation of this ‘knowledge base’, including the 
main activities and outputs from the task.   

4.6 Step 5.  Decide whether further characterisation information is 
required to meet the characterisation objectives 

4.6.1 Recommended activities in Step 5 

The recommended activity is a gap analysis to decide whether further 
characterisation information is required to meet the characterisation objectives.  
Box 5-3 lists potentially relevant questions for the review.  High-level questions to be 
asked are listed below. 

• Is information available on all the required parameters and characteristics? 

• Is the information of the appropriate quality? For example, are the detection 
limits and measurement accuracies for contaminants acceptable? 

• Is the information suitable for determining representative values (or ‘best 
estimate’ values) of required parameters and characteristics? Guidance on this 
is provided in subsection 5.2.   
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• If an understanding of uncertainty is required, is there sufficient information 
(e.g. numbers of samples analysed, in situ measurements made or calculations 
run) to reach a decision at the required level of confidence?  Box 10-6 provides 
a list of existing documents that provide guidance on this subject. If there are 
insufficient data, further information will need to be collected and a merged 
dataset generated.   

The gap analysis requires review of the outputs from previous steps in the 
process. 

• The characterisation objective is defined in Step 2. 

• Information required to achieve the characterisation objective, including limits 
of detection, accuracy and precision of any measurements, is identified in Step 
3. 

• The measure that will be used to represent the waste characteristic (best 
estimate, cautious estimate, with or without a description of uncertainty) is 
decided in Step 3. 

• Existing information on characteristics of the waste is reviewed and evaluated 
in Step 4. 

4.6.2 Recommended output from Step 5 

The recommended output from Step 5 is a decision on whether further 
characterisation information is required to meet the characterisation objectives, or 
whether the existing information / inference is adequate.   

If the decision is that further characterisation information is required, go to Step 6.  If 
no further characterisation information is required, go to Step 7.  It is important to 
recognise the potential for iteration at this step.  For example, collection of further 
characterisation information may lead to a revised understanding of the waste and a 
consequent need for further information. 

4.7 Step 6.  Develop the approach for characterising the waste 

4.7.1 Recommended activities in Step 6 

The recommended activities in Step 6 are described below. 

1. Consider the advantages and disadvantages of different characterisation 
approaches for the waste. 

As Step 6 has been reached, the decision has been made to collect new 
characterisation information.  From cost, efficiency, health and safety and 
environmental perspectives, this GPG recommends the suitability of 
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characterisation approaches to acquire new information be considered in the 
following order of priority: 

• characterisation by calculation; 

• characterisation by non-destructive assay; and 

• characterisation by sampling and analysis.   

The existing information that was compiled and evaluated in Step 4 should be 
used as much as possible to characterise the waste.  Care should be taken when 
merging datasets, as discussed in subsection 5.2. 

Box 4-9 and Box 4-10 present, at a generic level, the relative advantages and 
disadvantages of each approach for acquiring new information.  The boxes 
consider advantages and disadvantages associated with existing techniques and 
technologies.  See Table 9-1, Table 10-2 and Table 10-4 for a list of such 
techniques and technologies and for discussion of their advantages and 
disadvantages.  This GPG also references emerging technologies, which are not 
considered in Box 4-9 and Box 4-10.  Emerging technologies are identified in 
Box 9-2 and Box 10-17. 

Box 1-4 presents technical issues to consider when scheduling characterisation 
activities over the lifecycle of a facility or project.  

Characterisation by calculation is best suited to HAW generated under well-
understood conditions.  This GPG considers that it is generally good practice to 
use measurements from non-destructive assay or from sampling and analysis to 
confirm that assumptions made in the calculations are broadly correct or to 
enable scaling.  If characterisation is to be made solely on the basis of calculation, 
then this should be justified.  Chapter 8 discusses this further.   

In many existing applications, LAW is characterised using sampling and analysis or 
combinations of sampling and analysis and non-destructive assay. 

2. Determine the most appropriate approach for characterising the waste 

Generally, but not always, a combination of more than one approach to acquiring 
new characterisation information, together with evaluation and inference based 
on existing information and understanding, provides the most efficient and 
effective approach to waste characterisation. 

The waste producer should decide and justify which approach or 
combination of approaches to acquire new information is most appropriate 
for the waste under consideration.   
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3. Decide when it is most appropriate to characterise the waste.  See discussion of 
this subject in subsection 1.4.3. 
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Box 4-9 Generic advantages and disadvantages of different approaches 
to characterisation: by calculation and by non-destructive assay 

By calculation 

Advantages:  

• Removes the hazard associated with the measurement (sampling, surveying, analysis).  
Advantages are greatest for HAW, where there is more benefit from hazard reduction 
and ALARP / dose consequences. 

• Only approach for characterising waste that that may not yet exist (e.g. from new-build 
reactors) or that cannot be accessed (e.g. reactor internals).   

• Has lower costs than other approaches. 

Disadvantages 

• Calculations may have significant uncertainties.  See Chapter 8 for discussion of 
uncertainties in nucleonics calculations. 

By non-destructive assay 

Advantages: 

• Hazards are usually reduced relative to characterisation by sampling and analysis, but 
this is not always the case.  Industrial safety issues depend on the environment and 
equipment used. 

• Data are generally collected and analysed / interpreted in real time, allowing rapid 
evaluation of the waste.  This ensures that characterisation is not the rate-determining 
step in decommissioning or remediation projects.   

• Rapid evaluation enables further non-destructive assay or sampling and analysis to be 
targeted as part of the characterisation activity. 

• For waste with a reliable gamma signature, the sample size interrogated by non-
destructive assay (several tonnes) is much greater than the sizes of samples taken in the 
‘sampling and analysis‘ approach.  This substantially reduces ‘sample to sample’ 
variability. 

Disadvantages 

• Constraints with access can limit characterisation (e.g. of interiors of long pipelines). 

• Radiation attenuation means that only the surface and near-surface regions of 
materials / waste can be characterised.  Measurement uncertainties for non-destructive 
assay are generally greater than for sampling and analysis.  See Chapter 9. 

• Generally restricted to waste containing gamma-emitters, but see [63] for discussion of 
technologies for waste that does not have a reliable gamma signature. 

• Interference from background radioactivity can result in elevated detection limits. 

• Non-destructive assay for chemical analysis is limited.  There is wider scope to 
determine physical properties non-destructively. 
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Box 4-10 Generic advantages and disadvantages of different approaches 
to characterisation: by sampling and analysis 

By sampling and analysis 

Advantages:  

• Many parameter measurements possible from a single sample.  Enables quantitative 
measurement, generally with the best measurement accuracy and precision, and lowest 
Limit of Detection (LoD). 

• Often, there is no other way of obtaining this information. 

• May be required to generate fingerprints or to calibrate non-destructive assay 
measurements. 

• Measurements are made under laboratory conditions, where a high degree of QA / QC 
is possible. 

Disadvantages 

• Typically the most hazardous approach.  Hazards are largely associated with sample 
collection: radiological hazards and industrial safety hazards. 

• Generally (but not always for waste requiring limited sampling) the most time-
consuming and costly approach.  Costs relate to sample collection, preparation, 
packaging, transportation, analysis and disposal.  Also, equipment maintenance. 

• Can be the rate-determining step in a decommissioning process. 

 

4.7.2 Recommended output from Step 6 

The recommended outputs from Step 6 are listed below. 

1. A description of the characterisation approach, supported by justifications, that 
will be used to characterise the waste. 

2. Identification of the point in the overall programme when the waste is to be 
characterised.  Refer to Box 1-4 which identifies issues to consider when 
scheduling characterisation activities.  For example: 

• When would it be easiest/most efficient to characterise the waste? 

• What is the risk to the project of missing the sampling opportunity: is it the last 
opportunity? 

• Is the property being measured constant or might it change with time (for 
example, after any waste conditioning)? 
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4.8 Step 7.  Refine the boundaries of the study 

4.8.1 Recommended activities in Step 7 

Step 7 is reached by two routes: from Step 5 if the decision is that no new 
characterisation information is required, and from Step 6 if the decision is that new 
characterisation information is required. 

The activity in Step 7 is to review of the boundaries proposed in Step 1.  There may 
be merit in changing the boundaries if the understanding gained through Steps 2 to 
5 indicate that the waste is significantly more heterogeneous than expected at Step 1.  
Reducing the heterogeneity of the waste to be characterised could simplify the 
characterisation process and will reduce uncertainty in the characterised properties of 
the waste, such as radionuclide fingerprint. 

4.8.2 Recommended output from Step 7 

Record and justify any changes to boundaries.  Changes would most likely be to the 
spatial boundaries of the waste or the material type.  An example would be the 
decision to segregate a waste to remove higher activity items in order to sentence 
the bulk of the waste at a lower category.  Potentially, temporal boundaries could 
also change to account for changes to factors such as the process by which the waste 
was generated, input materials and consequences of radioactive decay.   

If boundaries are changed in Step 7, it will be necessary to return to Step 1 and 
review the output from the earlier steps and update the descriptions, justifications 
and outcomes from Step 1 to Step 7 as necessary.  If, after any such iterations, it is 
decided that no further characterisation is required, go to Step 11.  Otherwise, go to 
Step 8. 

4.9 Step 8.  Produce the documentation for waste characterisation 

4.9.1 Recommended activities in Step 8 

This step recommends the production of a series of documents to ensure work is 
carried out under a suitable quality management regime and to record the rationale 
for the characterisation approach and the specification of the data acquisition 
activities. 

1. Ensure work is undertaken under a suitable QAP. 

The scope and scale of the characterisation campaign will determine whether it is 
appropriate to generate a new QAP specifically for the characterisation campaign, 
to add an addendum to an existing QAP or to undertake the work under an 
existing QAP.  If a new QAP is required, it should be developed early in the 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 75 

 

characterisation process, and be kept as simple as possible whilst matching the 
project requirements. 

2. Produce a Characterisation Plan (or equivalent; it is the content of the document 
that is important, not the title.  Some waste producers may already be defining 
and recording the required scope of work in other documents). 

The outputs from Steps 1 to 7 should be reported in a CP, which describes and 
justifies the chosen approach to a campaign of waste characterisation.  In a 
lifecycle approach to waste characterisation, there may be further phases of 
characterisation planned or expected for later in the lifecycle.  The CP should put 
the characterisation campaign in the context of the broader ‘lifecycle’ of activities, 
but should be restricted to a description of the characterisation objective and 
activities relevant to a single phase of characterisation (the ‘campaign’).  The CP 
and subsequent Characterisation Report (see subsection 11.4) for a phase of 
characterisation will be key references when designing any subsequent phase of 
characterisation.   

The CP should be reviewed by SQEP from the site operator (IC, SME or equivalent; 
see Box 4-3) to determine whether the conclusions reached are appropriate, and 
approved by the relevant manager in accordance with the relevant site quality 
procedures.  Generic CPs may be appropriate for routinely arising well-defined 
waste streams, subject to review and approval from SQEP.  Otherwise, a new CP 
should be developed for the characterisation activity.   

3. Produce a Data Acquisition Plan for the waste (or equivalent; as for the CP, it is 
the content of the document that is important, not the title).   

The CP does not describe how new characterisation information is to be acquired.  
This information is contained in the DAP, a lower level document to be linked to 
the CP.  The DAP should be produced after the characterisation approach 
proposed in the CP has been approved, to avoid nugatory work in the event that 
the CP is significantly changed during review. 

Where an understanding of variability is required, the DAP should present 
number of samples or measurements needed to achieve the required level of 
confidence.  Box 10-6 provides a list of existing documents that provide guidance 
on this subject.   

4.9.2 Recommended output from Step 8 

1. The QAP.  The recommended contents of a QAP are presented in Box 3-11. 

2. The CP.  Description of some aspects in the waste characterisation process will be 
brief.  Others, particularly the summary of available information (and conceptual 
model description of the facility or surrounding land, if appropriate) and the 
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approach to characterisation, will be longer.  Reference should be made to the 
DAP, which will describe the proposed data acquisition activities.  Box 4-11 
provides guidance on the structure and content of the CP. 

A common failing with historical characterisation data is that metadata (e.g. the 
rationale for sample collection and the analytical technique used – noting that 
analytical laboratories only describe the current technique so there is generally 
difficulty in retrospectively finding information on historical techniques) becomes 
separated from the analytical results.  This significantly reduces the value of the 
analytical results in subsequent phases of characterisation.  It is important to keep 
all characterisation information together – see subsection 11.5 for further 
guidance.  A key step in achieving this objective for newly collected information is 
for the CP to include descriptions of all of Steps 1 to 7. 
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Box 4-11 Contents for a typical Characterisation Plan 

• Description of the waste to be characterised (from Step 1 and Step 4): 

− Present location: site, facility (e.g. building number), plus further information as 
necessary to define spatial boundary. 

− Waste material type(s). 
− Provenance: source of waste, waste-creating process, age of waste. 
− Waste stream (all or part of waste stream in UK RWI?). 

• Description of the characterisation objective (from Step 2): 

− Describe the context within the characterisation life cycle. 
− Identify the purpose of characterisation. 
− Identify the characterisation objective or objective. 

• Description of the planned lifecycle approach to waste characterisation (from 
subsection 1.4.3 and Step 2): 

− Identify previous or planned / expected subsequent phases of characterisation, 
with characterisation objectives.   

− Define and justify the planned ‘lifecycle approach’ to waste characterisation. 
• Description of the information needed to achieve the characterisation objective (from 

Step 3). 

− Develop the list of parameters and processes for which information is required. 
− Determine how each piece of information will be used to achieve the 

characterisation objective. 
− From the above, decide whether the parameter/characteristic can be 

represented by a single point estimate or whether an understanding of 
uncertainty is required.  If the latter, define the level of confidence required. 

− Decide whether the parameter / characteristic is to be represented by a best-
estimate value or a cautious value (or whether both measures are required). 

• Review of existing information and perform a gap analysis to determine if further 
information is required (from Steps 4 and 5). 

− Is information available for all the required parameters and characteristics? 
− Is the information of the appropriate quality? For example, are the detection 

limits and measurement accuracies for contaminants acceptable? 
− Is there sufficient information (numbers of measurements) to reach a decision 

at the required level of confidence? 
− It may be appropriate to put most information in an appendix, with a summary 

and the outcome of the gap analysis in the main body of the CP. 
• Description of the approach for collecting new information, if required (from Step 6) 

− Describe the approach (by calculation, by non-destructive assay, by sampling 
and analysis, or by combination), supported by justifications, that will be used 
to characterise the waste. 

− Identify the point in the overall programme when the characterisation 
described in this CP is to be undertaken. 
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3. The DAP.  A single DAP should be produced for waste characterisation.  It should 
include description of all new data to be collected; by calculation, by 
non-destructive assay and by sampling and analysis.  Where new characterisation 
is solely by sampling and analysis, the DAP is more appropriately called the 
‘Sampling and Analysis Plan’ (SAP).  The DAP should be proportionate to the 
amounts and types of new data to be collected.  Box 4-12 presents suggested 
section headings and illustrative content of a typical DAP.  Further detail of DAP 
content is given in subsection 8.2.5 (for characterisation by calculation), 
subsection 9.2.4 (for characterisation by non-destructive assay) and 
subsection 10.2.4 (for characterisation by sampling and analysis). 

The DAP should include a statement of the required confidence.  This should 
address both data quality and the amount of data to be collected. 
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Box 4-12 Section headings and illustrative content of a typical Data 
Acquisition Plan 

• Introduction (as a minimum, cross-references to the relevant sections of the CP). 

− Description of the waste/material to be characterised. 
− The characterisation objective. 
− The approach to characterisation. 
− The level of confidence required (both data quality and uncertainty arising from 

waste heterogeneity) 
• Characterisation by calculation. 

− Identify waste to be characterised by calculation, and information sources for 
the calculations. 

− Calculation plan, including approach to calculation and justification that the 
calculations undertaken will meet the characterisation objectives. 

• Characterisation by non-destructive assay. 

− Identify materials and waste to be characterised by non-destructive assay. 
− Select and justify non-destructive assay technique(s) to achieve the 

characterisation objective. 
− Identify locations for non-destructive assay and the materials / waste to be 

analysed, with justification for selection of locations if less than 100% of the 
material/waste is to be characterised by non-destructive assay. 

− Specify the operating procedure for the instrument, including calibration and 
routine functional testing, and the approach to quantify the determinand. 

• Characterisation by sampling and analysis. 

− Specify the number, locations and types of samples to be collected in order to 
achieve the characterisation objective, including achieving the required level of 
confidence. 

− Specify the preservation, storage and transport of samples of samples. 
− Provide the analytical schedule, including: initial sample handling and sub-

sampling methodology; laboratory analysis methods, accuracy and required 
limits of detection. 

− Develop the Chain of Custody (CoC) for samples, which includes the required 
analysis for each sample. 

Guidance on producing DAPs is provided in Chapters 8 to 10.   

4. The QP.  It is good practice to produce a QP to control activities and to 
demonstrate that all activities have been undertaken in accordance with the 
requirements of the QAP.  See subsection 3.3 for further information. 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 80 

 

4.10 Steps 9, 10 and 11.  Data acquisition, interpretation/evaluation of 
information and making the decision 

Data acquisition (Step 9) is described in Chapters 8, 9 and 10 of this document.  Data 
interpretation, presentation and management (Step 10) is described in Chapter 11.  
The final step in the waste characterisation process is to make the decision regarding 
management of the waste (Step 11); this step is outside the waste characterisation 
process but is included in Figure 4-1 to emphasise that characterisation should 
always be undertaken for a purpose.  The decision to be made would depend on the 
characterisation objective, but could include: 

• categorise radioactive waste for sentencing; 

• select an existing waste disposal route, having determined the waste complies 
with the disposal facility WAC / CFA; 

• select an off-site waste treatment route, having determined the waste 
complies with the treatment facility WAC / CFA; 

• decide on the disposition of waste at Site End State; 

• select an interim waste pre-treatment or treatment stage to achieve hazard 
reduction; 

• select a waste conditioning and packaging solution for disposal of HAW to a 
future GDF.  This proposed solution would be submitted to RWM, who 
consider the proposal through the disposability assessment process; see 
Box 3-7 for further information on the stages of the process. 

Authoritative guidance is available on how to make the decision through selecting 
BAT / BPM in the context of radioactive waste management [21], [22], and the current 
document does not attempt to reproduce or summarise this guidance.  The reader 
should refer to [21], [22] for guidance on selection of BAT / BPM for radioactive waste 
management.   

If the characterisation objectives have not been achieved (refer to the ‘No’ option 
after the completion of Step 10 in Figure 4-1), some or all of the preceding steps will 
need to be repeated.  At this point in the process, there are usually several processing 
and storage options still available.  Some options are likely to require a more 
comprehensive data set and / or data of a higher quality; obtaining such additional 
data may be challenging.  In these circumstances, a different option which is 
supported by the available data or which requires less additional characterisation may 
be selected.  It may, for example, be more ALARP to do this given the risks and time-
frame associated with trying to get more and better quality data.   



 
 

Solid Waste Characterisation Good Practice Guide 
Page 81 

 

4.11 Summary 

Key points of good practice when planning for waste characterisation are given in 
Box 4-13.  Box 4-14 presents possible pitfalls. 

Box 4-13 Planning for waste characterisation.  Key good practice points 

• Ensure SQEP (such as relevant company Subject Matter Experts) are involved in all of 
the planning, implementation, assessment and decision-making steps. 

• Consider the merit of segregating waste during pre-treatment to reduce heterogeneity 
and simplify characterisation (Step 1). 

• Demonstrate the phased nature (lifecycle approach) of the planned characterisation 
(Step 2). 

• Understand how the information collected is to be used.  This will help you decide: 
‘single point estimate or understanding of uncertainty?’ and ‘cautious estimate or best 
estimate?’ (Step 3). 

• Make the most use of existing information (Step 4). 

• Use a systematic approach to deciding whether new information is required (Step 5). 

• The waste producer should decide and justify which approach or combination of 
approaches to acquire new information is most appropriate for the waste under 
consideration (Step 5). 

• Ensure the CP describes and justifies the chosen approach to characterisation (Step 8). 

 

Box 4-14 Planning for waste characterisation.  Possible pitfalls 

• Failing to identify or engage with stakeholders early in the process, which could lead to 
unnecessary or inappropriate characterisation (Step 1). 

• Failing to understand how the data will be used: hence, what data are required, and 
what the quality requirements are (Step 3). 

• Neglecting to identify information requirements for non-radioactive contaminants and 
on waste characteristics (Step 3). 

• Believing that collecting more data will change the true value of the parameter being 
estimated; i.e. enable you to justify a different, more palatable decision (Step 3).   

• Making use of existing information without understanding the basis on which the 
information was collected.  For example, inadvertently believing Health Physics survey 
data from ‘hotspots’ are representative samples.  See Box 5-7 for further information 
(Step 4). 

• Failing to include the basis (or ‘reason’) for collecting new data in the CP (Step 8). 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 82 

 

5 Review and evaluation of existing information 

Box 5-1 Aims of Chapter 5 

This chapter describes the approach to reviewing and evaluating existing information to 
build an understanding of waste characteristics.   

After reading this chapter, the reader should understand how to go about determining 
waste characteristics from existing information and how to decide the suitability of existing 
information for achieving the characterisation objective. 

5.1 Introduction 

Having information on what to expect in a waste stream or waste item, before 
characterisation starts, can: 

• help the design of future waste characterisation campaigns, for example by 
protecting workers from receiving unnecessary doses during sample collection 
or in situ measurement; 

• help to discriminate between possible explanations of a given measurement; 

• allow the concentration of an easy-to-measure radionuclide to be used to 
deduce concentrations of radionuclides that are harder to measure; and 

• allow estimates of activity in waste where measurements are difficult or 
impracticable (e.g. the pressure vessel of an operating reactor). 

Examples of potential sources of information on waste characteristics are given in 
Box 5-2.  Not all information sources will be relevant to every type of waste 
considered.  As will become apparent when searching these sources of information, 
good record keeping saves both time and money.  Guidance on the management of 
waste characterisation information is given in subsection 11.5. 

5.2 Guidance on determining waste characteristics from existing 
information 

Review of existing information can be undertaken in two ways:  

• Review against a set of requirements informed by the characterisation 
objective and associated levels of confidence, by potential waste management 
options and from engagement with stakeholders.  The output from Step 3 of 
the waste characterisation process will have generated a set of information 
requirements, including the required accuracy of the data and the required 
LoD for the different waste characteristics.  The review should consider a wide 
range of waste characteristics, as a number of possible waste management 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 83 

 

options are still likely to be under consideration at this stage in the waste 
characterisation process.  It is likely to be more efficient to undertake one 
broad review to identify and collate information than a sequential series of 
narrow reviews driven by particular waste management options. 

• A general review of available information, without reference to a specific set of 
requirements.  This is a broader approach, and becomes more appropriate as 
the amount of information for review decreases.  For example, the approach is 
likely to be appropriate where information on a small volume of activated 
metallic waste, irradiated under well-understood conditions, is being reviewed.  
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Box 5-2 Possible sources of information on waste characteristics 

• Engineering drawings (design and ‘as built’) of facilities, useful for estimating volumes 
of in situ waste (such as in walls and floors of contaminated facilities) and volumes of 
waste storage tanks, vaults etc.  Also useful for providing information on construction 
materials and material compositions (e.g. concrete structures, metal components). 

• Facility / plant descriptions and process descriptions, which will provide an 
understanding of waste generation processes and waste locations.   

• Process information, which may include characterisation data used for process control.  
For example, design levels, review levels, action levels and the results of routine 
monitoring. 

• Plant records, operational records and experience, which provide detailed information 
on e.g. generation, storage and disposal of waste.   

• Health physics records, including those for routine dose rate monitoring, sampling etc. 

• Nucleonics calculations, including information on material composition and irradiation 
history, which could be useful in any future nucleonics calculations.  

• Expert judgment, perhaps as recorded in previous phases of waste characterisation or 
in BAT/BPM studies. 

• Survey data and analytical results undertaken for characterisation purposes.  For 
example, walkover gamma surveys of land and sampling of contaminated items or the 
walls and floors of contaminated structures. 

• Incident records (spills, events etc.), which are of particular use for developing 
understanding of some lower activity waste such as contaminated land. 

• Lifetime plans / decommissioning plans / BAT studies, which contain information on the 
current waste management strategy and will likely include information on waste 
characteristics and volumes. 

• Any information on the waste being considered from the UK RWI [64], recognising that 
this is high level information, probably of a larger volume of waste than being 
considered. 

• Information on similar waste at a global scale (from IAEA data on international 
radioactive waste management), in a UK context (from UK RWI), from fleet-wide 
information (e.g. based on a particular reactor type) or from similar waste on the same 
site (from operator records). 

Review against a set of requirements is more targeted, and is considered by this GPG 
to be generally the more applicable approach.  This approach will both ensure that 
appropriate information is sought during the review and facilitate the subsequent 
gap analysis (Step 5).  However, there will be circumstances in which a general review 
would be appropriate.   

Key to both approaches is that the review should establish the quality of the data and 
its suitability for describing the characteristics of the waste.  Any limitations in the 
subsequent use of the information should be identified. 
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A review against the information requirements identified in Step 3 should address the 
following issues: 

• What was the basis for collecting the information identified in the review? 
Sampling can be probabilistic or judgemental (‘targeted’).  See Box 4-8 and 
subsection 10.3.2.  It is important to record the basis on which samples have 
been collected and measurements made, to understand whether the 
characteristic is intended to be representative of the waste or to reflect a 
particular aspect (such as a ‘contaminant hot spot’). 

• The process that generated the waste.  An understanding of the process will be 
used as one of the inputs to identify classes of potential contaminants in the 
waste, to estimate contaminant concentrations and to build understanding of 
likely physical and chemical properties of the waste.  Take into account any 
temporal changes in the waste-generating process. 

• The age, source (facility, site) and any known subsequent modification of waste 
(this could include active processing or waste evolution).  An understanding of 
waste provenance will provide some characterisation information, will enable 
consideration of radioactive decay and ingrowth effects, and will help to 
identify similar waste in other facilities and sites.   

• Similar waste from other sites.  Different information sources will be relevant 
for different waste characteristics.  For example, can the information be 
obtained at a global scale (from IAEA data on international radioactive waste 
management), in a UK context (from UK RWI), from fleet-wide information 
(e.g. based on a particular reactor type) or from site-specific data?  

• The expected composition of the waste.  The relevant existing knowledge base 
comprises: available characterisation data on the waste under consideration; 
an understanding of the nature of the waste and the processes that produced 
it (see first bullet point); and information on provenance and on similar waste 
from other sites (see second and third bullet points).  See subsection 5.2 for 
guidance on how to use this information and understanding to determine the 
expected composition of the waste. 

• Estimated volume of waste and the rate of future arisings, if the latter is 
appropriate.  This information will be used in the development of the DAP 
(Step 8). 

Possible questions that might be asked as part of the review are listed in Box 5-3. 
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Box 5-3 Possible questions that might be asked as part of the review 

• Is the basis for collecting the information understood? That is, is it intended to be 
representative of the waste or to reflect a particular aspect such as a ‘contaminant hot 
spot’ or a highly-activated component in the waste? This applies to all three 
approaches for acquiring new information: by calculation, by non-destructive assay 
and; by sampling and analysis. 

• Is the information suitable to determine representative (‘best estimate’) properties and 
characteristics of the waste?  

• What are the uncertainties associated with the reported information?  Is the level of 
confidence sufficient to meet the characterisation objectives? 

• Is there a good overall understanding of the waste and the processes that generated it? 
Where appropriate, has a conceptual model (for example, of the facility or surrounding 
land) been developed? Does the conceptual model represent current understanding? 

• What classes of radioactive contaminants might be expected to be present? See 
Box 5-4 for further information.  Are analytical measurements of suitable accuracy and 
with suitable LoD available for all these classes? 

• What hazardous chemical substances are expected to be present in the waste? See 
Box 5-5 for further information.  Are analytical measurements of suitable accuracy and 
with suitable LoD available for all these hazardous substances? 

• What are appropriate material categories that should be used to record the 
composition of the waste? As a starting point, it is recommended that the material 
categories given in WAC or in disposability assessment documentation should be 
reviewed. 

• What techniques were used to acquire the information? Do these still represent best 
available techniques good practice for waste characterisation? If not, what, if any 
caveats should be attached to the data? 

• Is there similar waste on other sites? If there is, is information available for this waste 
that might improve understanding of the waste under consideration? 

• Is it necessary to correct historical information on radionuclide activities in waste for the 
effects of radioactive decay and ingrowth? Is it necessary to consider decay and 
ingrowth during any planned storage period? 

• Has understanding of the waste advanced since previous interpretations were 
presented? If so, it may be appropriate to undertake further evaluation or re-evaluation 
of these earlier interpretations.  For example: 

− are assumptions made in previous nucleonics calculations still appropriate? 
− are assumptions made when generating bounding estimates of waste 

characteristics still appropriate? For example, were samples or survey results 
collected from appropriate locations? Did calculations use appropriate 
bounding parameter values? 

As an aide to reviewing information, Box 5-4and Box 5-5 identify contaminants that 
should be expected in waste from an understanding of process and materials.  It is 
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important to recognise that more than one class of contaminant might be present in 
a waste, and that waste may contain both radionuclides and hazardous chemical 
substances. 
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Box 5-4 What radionuclides are expected to be present in the waste?  

Three classes of waste are identified and described below.  The first two categories are 
specific to nuclear sites.  The third category (contaminated waste) is broader; such waste 
can be produced on nuclear sites, and this is the focus of the description below.  
Contaminated waste can also arise from sites and operations that involve Naturally 
Occurring Radioactive Material (NORM) and the production of by-products from such 
materials (Technologically Enhanced Naturally Occurring Radioactive Material: TENORM).  
The list is not exhaustive.   

Fuel-related waste, including depleted uranium (DU).  This GPG does not specifically 
consider nuclear materials, such as Spent Fuel that will not be reprocessed.  Relevant waste 
includes FED arising on reactor sites and other waste that may contain fragments of fuel, 
such as sludge, swarf, end crops, hulls and samples from post-irradiation examination.  The 
radionuclide inventory of these wastes will depend on the type of fuel, burn-up, storage 
time and storage conditions.  Some radionuclides will have been leached or lost from the 
fuel; for example, the Instant Release Fraction and more soluble components for fuel that 
has been in contact with water for prolonged periods.  These aspects will need to be taken 
into account when identifying radionuclides expected to be present in the waste.  The key 
radionuclides expected to be present are actinides (e.g. isotopes of uranium, neptunium, 
plutonium and americium, plus their decay chains), and fission products (e.g. Cs-137, I-129, 
Sr-90).  Taking account of ingrowth can be particularly important, for example the ingrowth 
of Am-241 from Pu-241 can significantly affect gamma dose rates.  Tritium (H-3) is 
generated by ternary fission, and can readily undergo a change in speciation, which in turn 
affects its mobility. 

Activation-related waste.  The irradiation of reactor components and materials results in the 
formation of neutron activation products.  The radionuclides formed depend on the 
composition of the material or component; activities depend on the neutron fluence and 
the subsequent storage time.  Waste containing activation products include HAW such as 
tie bars, empty isotope cartridges, control rods, fuel pin cladding/assemblies and reactor 
structural materials, and LAW such as reactor bioshields.  Irradiated steel is the principal 
source of the strong gamma emitter Co-60 (activated from cobalt, nickel and iron); nitrogen 
impurities (a particular issue in graphite) can activate to give C-14; and the long-lived 
mobile radionuclide Cl-36 arises from chlorine impurities.  H-3 arises from the activation of 
Li-6 in steel and the activation of N-14 and H-2.  It can be retained in solid waste such as 
activated steel and graphite. 

Contaminated waste.  On nuclear sites, this waste typically arises from the storage and 
treatment of fuel-related waste.  Highly soluble radioelements, such as caesium and 
strontium, can be leached from the fuel during underwater storage in cooling ponds and 
vaults and can, for example, result in the contamination of concrete structures and the ion 
exchange resins used to clean the water.  If such structures have leaked in the past, they 
can give rise to radioactively contaminated land.  Fuel reprocessing also generates a range 
of contaminated waste, such as spent resins.  To identify expected radionuclides, it is 
necessary to understand the process that led to the contamination.  Further, because 
radionuclide transport through the contaminated medium (for example, concrete or soil) 
will have occurred, it is necessary to understand radionuclide migration behaviour in these 
environments.  Industrial sites can also produce NORM and TENORM waste; examples 
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include radium-containing waste produced historically from luminising activities and 
ongoing from oil and gas installations. 

 

Box 5-5 What hazardous chemical substances are expected to be present 
in the waste?  

The presence of hazardous substances in waste gives rise to a range of hazardous 
properties.  The environment agencies’ classify and assess waste based on these hazardous 
properties.  See Appendix C of [15] for a full list.  The hazardous properties most relevant to 
waste produced on nuclear sites and other sites regulated under RSR are listed below, 
together with examples of waste streams. 

Toxic / carcinogenic.  A wide range of components in waste are classified as having toxic or 
carcinogenic properties.  Examples include asbestos, some chemical compounds or 
elements (including heavy and reactive metals) and some organic compounds.  Further 
information on hazardous properties of these substances is given in Reference [15].  Waste 
streams may include asbestos cement sheeting or reflector material (containing beryllium) 
used on research reactors. 

Flammable.  Some waste components are pyrophoric, meaning that they can 
spontaneously ignite at low temperatures.  Examples are some reactive metal or metal alloy 
waste, such as NaK, uranium and plutonium.  Corrosion of reactive metals and metal alloys 
such as Magnox can also give rise to flammability hazards and waste package disruption 
(by pressurisation) through the production of hydrogen gas. 

Explosive.  The only examples relevant to this GPG are LAW that contain explosive residues 
produced during former activities at a LNS (explosives / ordnance manufacture) or chemical 
compounds such as azides used in laboratory processes at some nuclear sites.  Such 
explosive residues have the potential to be present in facility waste (e.g. fume cupboards / 
glove boxes, sink traps, pipework) and waste produced from excavation of foundations and 
land contamination.  In these circumstances, site procedures will require the waste to be 
tested for explosive residues. 

It is good practice to review Appendix C of [15] to determine whether the waste under 
consideration may exhibit hazardous properties other than those described above. 

It will also be important to review existing information relevant to the WAC, CFA or 
disposability assessment process.  These may place limitations on certain physical 
characteristics or chemical constituents in the waste, or require exclusion of certain 
chemical constituents or items.  Examples include: free liquids, putrescible waste, 
pressurised gas canisters, reactive metals and certain complexants. 

Where information is available from more than one previous phase of 
characterisation or review, it may be appropriate to merge datasets.  This applies to 
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all approaches for acquiring information: by calculation, by non-destructive assay, 
and; by sampling and analysis.   

In some circumstances, the different approaches taken on different waste 
characterisation campaigns will have little or no effect on the characteristic or 
parameter being considered, and so datasets can be merged with no loss of quality in 
the resulting combined dataset.  However, in other circumstances, different 
approaches could substantially affect the measurement or calculation and, in these 
cases, it would not be appropriate to combine the datasets.  For example: 

• for all approaches, where the basis of the measurement or calculation is not 
understood; 

• in calculations, where different assumption about material composition or 
irradiation history have been made when calculating radionuclide inventories; 

• in non-destructive assay, where different health physics instruments have 
been used in contamination surveys and have resulted in differing sensitivities 
to the radiation (i.e. different count rates for a given activity concentration and 
geometry); 

• in sampling and analysis, where: 

− results may systematically differ between sampling campaigns because of 
different sample collection or preparation procedures and/or different 
laboratory techniques; 

− different LoD in different datasets result in many measurements in one 
dataset being close to or below the higher limit of detection used.  This is 
likely to affect the precision and accuracy of measured values close to the 
LoD, as well as potentially resulting in an increase in <LoD values in the 
dataset, which raise issues for data processing and interpretation. 

More generally, it would be inappropriate to include measurements where: 

• remediation / decontamination/waste treatment has taken place after 
sampling or non-destructive assay.  If such measurements are not excluded, 
current contaminant concentrations are likely to be over-estimated; 

• information on measurement date is not available.  Lack of this information 
would preclude correction for radioactive decay and would mean the 
relationship between the data and any subsequent 
remediation/decontamination/waste treatment could not be established. 

It is expected that information to provide answers for the above issues will be 
available for data collected under modern QA / QC regimes.  Such information may 
also have been collected for older samples, but there is a greater likelihood that this 
QA / QC information cannot now readily be located.  For these older datasets, SQEP 
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will need to decide whether ambiguities or omissions in the available information 
mean that it is likely that the above circumstances apply.  If ‘yes’, the datasets should 
not be combined. 

Key points of good practice for reviewing and evaluating existing information are 
given in Box 5-6.  Box 5-7 presents possible pitfalls. 

 

Box 5-6 Review and evaluation of existing information.  Key good 
practice points 

• The review should establish the quality of the data and its suitability for describing the 
characteristics of the waste.  Any limitations in the subsequent use of the information 
should be identified. 

• Systematically review the existing information by identifying or developing questions 
for each of the key issues.  See Box 5-3. 

• The basis for collecting the information should be understood.  Is it intended to be 
representative of the waste or to reflect a particular aspect such as a ‘contaminant hot 
spot’? If the basis is not provided, this should be recorded in the review and the data 
‘qualified’.  ‘Qualified’ data should not be used to derive representative values for the 
waste. 

 

Box 5-7 Review and evaluation of existing information.  Possible pitfalls 

• Failing to understand what radionuclides or hazardous chemical substances are 
expected to be in the waste (see Box 5-4 and Box 5-5). 

• Failing to consider the full range of possible information sources (see Box 5-2). 

• In the absence of information, the basis for collecting the data is misunderstood.  This 
could lead.  to targeted data being wrongly used to derive representative properties for 
the waste, with consequent error in the calculated representative values. 

• Merging data from previous characterisation campaigns into a single dataset when it is 
inappropriate to do so.  For example: no date information; different components of the 
material being sampled or analysed; datasets with many analyses close to or below 
limit of detection. 
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6 Heterogeneity 

Box 6-1 Aims of Chapter 6 

This chapter defines what is meant by a ‘heterogeneous’ waste, and gives examples.  
Consequences of heterogeneity for waste characterisation and issues around characterising 
heterogeneous waste is discussed.  After reading this chapter, the reader should 
understand the implications of heterogeneity for waste characterisation.   

Subsection 9.7 discusses the implications of heterogeneity on non-destructive analyses.  
Subsections 10.2 and 10.3 include discussion on sampling strategies.  Treatment of 
uncertainty is discussed in subsection 11.3. 

6.1 Heterogeneous waste 

A homogeneous waste is one in which constituents or properties are constant 
throughout the waste.  In contrast, a heterogeneous waste is one in which 
constituents or properties vary from place to place15.  Almost all waste streams 
exhibit some level of heterogeneity.  In the context of this GPG, the following waste 
characteristics can be heterogeneous: 

• Radionuclide activities (which can be expressed as Bq per unit mass, unit 
volume or surface area of the waste) and / or the relative activities of different 
radionuclides in the waste, which can vary over time.  The latter characteristic 
is termed the ‘radionuclide fingerprint’ and is discussed further in Chapter 7; 

• Concentrations of hazardous chemical substances in the waste (generally 
expressed as mass of hazardous chemical substances per unit mass of waste) 
and / or relative concentrations of different hazardous chemical substances in 
the waste; 

• The material composition of the waste.  For example, concrete and rubble, 
soil, activated and contaminated metals; 

• Physical properties of the waste, such as the rheological properties of sludges 
and the density or void space in solid waste; and 

• Chemical and biological properties.  For example, characteristics such as the 
distribution of organic materials and metals, which will control future arisings 
of a range of radioactive and non-radioactive gases. 

 
15  The definition used in this GPG is not the strict definition used in statistics, where 

homogeneity and its opposite, heterogeneity, relate to the validity of the often-
convenient assumption that the statistical properties of any one part of an overall dataset 
are the same as any other part. In this GPG, the term ‘heterogeneous’ is used in a more 
general sense to describe any material in which constituents or properties vary from 
place to place. 
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Two types of heterogeneous materials can be considered.  In the first case, the value 
(such as the concentration of a contaminant) is randomly distributed throughout the 
material.  In statistical terms, this is described as a ‘spatially uniform’ distribution: the 
statistical properties of the material are the same throughout the volume of material.  
In the second case, the statistical property varies from place to place within the 
volume of material.  In statistical terms, this is described as a ‘spatially variable’ 
distribution.  Examples of each type of heterogeneity in waste are given below. 

Waste generally, but not always, tends towards spatial uniformity once they have 
been retrieved, treated (if appropriate) and packaged.  The greatest spatial variability 
is generally associated with waste that is characterised in situ. 

6.1.1 Spatially uniform heterogeneous waste 

Heterogeneity is likely to be increased if: 

• there is more than one material (e.g. steel, concrete, sludge) in the waste.  For 
example, variability in material composition will influence concentrations and 
nature of activation products; 

• the waste is in a solid form.  Liquids and some sludges are more likely to be 
homogeneous; 

• materials in the waste are from more than one location or are of different 
ages with respect to activation, formation or contamination; 

• radionuclide formation resulted from more than one process; and / or 

• a range of processes have been applied to treat the waste (e.g. to reduce 
radionuclide concentrations). 

Heterogeneity in such waste can be due to some or all of the following: 

• The presence of individual items.  For example, Figure 6-1 shows a range of 
bagged items.  This does not necessarily equate to 'discrete items' in LLW WAC 
usage; 

• Hot spots.  For example, waste can contain localised small high activity items or 
materials that can dominate the activity of the waste.  This does not necessarily 
equate to 'active particle' in LLW WAC usage;  

• Form of the waste.  For example, graphite items in fuel stringers and pumps 
containing oils; and / or 

• Physical properties.  For example, void space in grouted LLW containers can be 
heterogeneous.  See Figure 6-2. 
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Figure 6-1 Example of a package containing heterogeneous waste 

 
Figure 6-2 Variation in void space within a grouted LLW consignment 

containing irregular concrete blocks and large bore metal piping  

6.1.2 Waste that shows spatial variability 

Heterogeneity in such waste can be due to some or all of the following: 

• Physical properties, such as stratification in some sludges, leading to 
systematic variations in rheological properties across a storage pond or buffer 
tank;  
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• Contamination.  For example: 

− in the walls and floors of vaults and cooling ponds, where contaminants 
may be concentrated in paints and coatings on concrete surfaces.  
Contaminant concentrations may also systematically decrease with depth 
into the concrete, as shown in Figure 1-3.  Further, differing mobilities of 
different contaminants in the concrete result in the relative proportions of 
contaminants changing with depth from the wetted surface; 

− in land contamination, where areas of elevated activity can occur as a result 
of localised spills or burials, or the incorporation of contaminated materials 
into surface soil (Figure 6-3).  As above, the relative proportions of 
contaminants can vary with distance from the source as a result of differing 
mobilities of contaminants in the sub-surface and as a result of different 
geochemical properties of the media affected;  

• Activation products.  For example, across large items with varying irradiation 
histories. 

 

Figure 6-3 Walkover gamma radiation survey of land, showing localised 
areas of radioactive contamination (courtesy of Nuvia) 

6.2 Consequences of heterogeneity 

In some spatially uniform heterogeneous waste, it may be possible to directly analyse 
a representative volume of waste through a single non-destructive assay 

https://www.google.co.uk/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjJ9tvQ85bbAhUR2qQKHay0BakQjRx6BAgBEAU&url=http://www.nuvia.co.uk/services-radiation.asp&psig=AOvVaw0XqU-1-kzo39I7GA4eiN3v&ust=1526995476720254
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measurement such as gamma spectrometry.  However, in other cases, the variability 
of the spatially uniform heterogeneous waste occurs on a larger scale than the 
measurement volume.  In these cases, a series of measurements needs to be made on 
different volumes of waste to estimate the representative value.  In the case of waste 
or materials that show spatial variability, such as the contaminated land example 
illustrated in Figure 6-3, samples from different parts of the structure or land need to 
be analysed to encompass the range of contaminant levels. 

For practical waste management purposes, the concept of an ‘averaging volume’ is 
often used to describe a volume over which contaminants can be considered to be 
homogeneously distributed.  It is not necessary to consider the detailed distribution 
of contaminants at a scale below the averaging volume although, clearly, it is 
important to determine representative properties for the volume.  It is important to 
establish the averaging volume at an early stage in the planning process, particularly 
for high volume LAW, as it influences the approach chosen to sample, analyse and 
ultimately sentence the waste.   

Waste heterogeneity results in uncertainty, regardless of whether the sampling 
approach is probabilistic (‘random’ / ‘systematic’) or judgemental (‘targeted’).  
Uncertainties arise for some or all of the following reasons. 

• Samples cannot be collected from all planned locations in a random or 
systematic survey because of access constraints.  The subsequent estimate of 
population mean can be biased because of this. 

• Targeted sampling has not identified the ‘worst’ characteristic of the waste.  
Hence, an estimate described as ‘bounding’ may not be. 

• The data collected are inadvertently biased, perhaps because a dataset 
compiled with the intention of being random or systematic inadvertently 
includes targeted samples.  If not appropriately compensated for in the 
analysis, this can introduce bias in the calculated results. 

• An inappropriate statistical distribution has been assumed when interpreting 
the sampling data. 

In this document: 

• Subsection 4.4 presents guidance on measures to represent the waste 
characteristic (‘best estimate’ or ‘cautious estimate’) and whether uncertainty 
needs to be represented; 

• Subsection 10.2 presents guidance on how to design the sampling strategy; 

• Subsection 11.3 discusses interpretation of data, with emphasis on treatment 
and evaluation of uncertainty; and 

• Box 11-6 references extensive existing guidance on estimating and combining 
uncertainties. 
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Variability of measurements tends to decrease as the physical size of the sample 
increases.  That is, there is less variability associated with larger samples, and this has 
relevance to the approach chosen to characterise the waste.   

• The physical sizes of samples collected through the sampling and analysis 
approach are small, typically of the order of a few kilogrammes for LAW (VLLW 
and LLW), and much smaller for HAW.  Sample size is generally constrained by 
the hazardous nature of the waste.  Smaller samples are generally collected 
from HAW to limit the inventory and dose rate of the sample; these constraints 
are much less for LAW.  Subsequent sub-sampling, and the need to ensure 
that sub-samples are representative of the original sample, is discussed in 
subsection 10.4. 

• In contrast, the volume characterised by gamma techniques can be as high as 
a few tonnes if the waste is analysed in situ; that is, without prior sampling [14].  
For this reason, in situ gamma analytical techniques should be used as part of 
the waste characterisation process where possible.  In situ applications of non-
destructive analytical techniques are discussed in detail in Chapter 9.   

The advantages and disadvantages of different approaches to characterisation are 
discussed in Step 6 of the waste characterisation process (subsection 4.7) and in 
Box 4-9 and Box 4-10.  The optimum approach for characterising waste by 
measurement (rather than by calculation) usually represents a combination of the two 
approaches described above using a radionuclide fingerprint and scaling factor 
approach (see Figure 1-4 and Chapter 7).  

Key points of good practice when considering heterogeneity are given in Box 6-2.  
Box 6-3 presents possible pitfalls. 

Box 6-2 Treatment of heterogeneity.  Key good practice points 

• As waste heterogeneity becomes greater, it becomes more challenging to design and 
justify a DAP that aims to achieve an unbiased estimate of waste characteristics.  See 
discussion of sampling strategies in subsection 10.2.  In the case of a waste exhibiting 
spatial variability, it may be necessary to consider geostatistical approaches to data 
analysis.  Geostatistics will also provide guidance on designing sampling and surveying 
plans. 

• Uncertainties in waste characteristics become greater as waste heterogeneity becomes 
greater.  At some level of uncertainty, it may be appropriate to segregate the waste to 
produce two wastes that are more homogeneous and which can be characterised with 
a higher level of confidence. 

 

Box 6-3 Treatment of heterogeneity.  Possible pitfalls 

• Inappropriate estimates of waste characteristics may be derived if heterogeneity is not 
considered in an appropriate manner.  This can affect both best estimate and cautious 
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estimates.  Refer to Chapter 11 for guidance on how to treat uncertainties including 
those associated with heterogeneity. 
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7 The radionuclide fingerprint 

Box 7-1 Aims of Chapter 7 

After reading this chapter, the reader should understand: 

• what is meant by a ‘radionuclide fingerprint’ and a ‘radionuclide scaling factor’; 

• the issues that should be considered when generating a radionuclide fingerprint; and 

• how to develop and use a radionuclide fingerprint.   

7.1 Definitions 

Radionuclide ‘fingerprint’ is a term that is widely used in the UK nuclear industry.  For 
example, LLW Repository Ltd and RWM refer to ‘fingerprints’ in their requirements 
documents.  The radionuclide fingerprint describes the pattern of radionuclide 
activities in a waste16.  For a given item of waste, the fingerprint evolves with time 
after the end of irradiation or contamination, owing to radioactive decay and any 
ingrowth.  Patterns in radionuclide activities in radioactive waste can help to identify 
the source of material.  Established patterns can also be used to ‘fill in the gaps’ in 
the available information. 

The UK nuclear industry guide to clearance and radiological sentencing [6] defines 
‘fingerprint’ as the ‘expected contaminating radionuclide mix’.  The definition used in 
this GPG is broadly consistent with that given in Reference [6].   

Figure 7-1 shows some example fingerprints for radionuclide activities in Advanced 
Gas-cooled Reactor (AGR) fuel and stainless steel.  They were obtained using the 
Generic Fuel Inventory Toolkit (GFIT) (see Box 8-4) and show specific activities (TBq/t, 
logarithmic scale) for RWM’s 112 Relevant Radionuclides, from tritium at the top of 
each chart to Cf-252 at the bottom.  Box 3-7 and references therein provide further 
details of RWM’s disposability assessment process.  The identities of each 
radionuclide and the precise specific activities in Figure 7-1 are not important.  The 
graphs are included to show that different materials (upper two and lower two charts) 
have different patterns of activity, and that those patterns evolve with time (left to 
right). 

Radionuclide fingerprints can be presented as either activities of individual 
radionuclides or as percentage activity of each radionuclide relative to total activity of 

 
16  IAEA Publication 1363 defines ‘scaling factor’ as “factor or parameter derived from a 

mathematical relationship used in calculating the radioactivity of a difficult-to-measure 
nuclide from that of an easy-to-measure key nuclide as determined from sampling and 
analysis data”. 
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the waste.  In the latter case, the percentage activities can be presented in several 
ways.  See Figure 7-2. 
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Figure 7-1 Example fingerprints for spent fuel (top) and activated steel 
(bottom), with decay periods of 1 year (left) and 100 years (right). 

1.E-10 1.E-08 1.E-06 1.E-04 1.E-02 1.E+00 1.E+02 1.E+04 1.E-10 1.E-08 1.E-06 1.E-04 1.E-02 1.E+00 1.E+02 1.E+04

1.E-10 1.E-08 1.E-06 1.E-04 1.E-02 1.E+00 1.E+02 1.E+04 1.E-10 1.E-08 1.E-06 1.E-04 1.E-02 1.E+00 1.E+02 1.E+04
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Radionuclide % 
Activity 

Am-241 1.98 

U-235 2.04 

Co-60 5.23 

Cs-137 58.34 

Pu-241 10.38 

Sr-90 22.03 

Total 
activity (%) 

100.00 

 

 

Total 100% 

 

Figure 7-2 Example fingerprints.  Individual radionuclides expressed as 
percentage of total activity.  Left hand: no sub-division.  Right-
hand figure: sub-divided into ‘alpha’ and ‘non-alpha’ 
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Box 7-2 Fingerprints and Scaling Factors 

The term ‘fingerprint’ has become widely used in the UK to describe a pattern of 
radionuclide activities.  It can be applied to a single waste package or to a wider collection 
of radioactive waste, e.g. from a particular plant or even a whole site.  For a set of 
radionuclides numbered 1, 2, 3, 4 …, a fingerprint can conveniently be expressed as a set of 
activities f = (a1, a2, a3, a4, …).  The activities would usually be measured in TBq per package, 
TBq/m3 or TBq per tonne of waste, but for e.g. atmospheric discharges they could be TBq 
per year.  They may be normalised, i.e. divided by the activity of a reference radionuclide 
and expressed as dimensionless ratios. 

The fingerprints may be scaled to produce a radionuclide inventory.  For example, if 
radionuclide 1 had a measured activity A1 in a waste package for which the fingerprint 
applied, then the scaled fingerprint  

(A1/a1) f = (A1, A1a2/a1, A1a3/a1, A1a4/a1, …) 

provides an estimate of the overall radionuclide inventory.  Equally, a fingerprint that is 
expressed as TBq/t can be scaled by a mass in tonnes to give activities in TBq. 

The international community tends to use the term ‘vectors’ and ‘scaling factors’ rather 
than ‘fingerprints’.  However, this is potentially ambiguous: in the calculation above, (A1/a1) 
is a scaling factor that is applied to the whole fingerprint, whereas a2/a1, a3/a1 etc. are 
internal ratios within the fingerprint, which could be applied one-by-one to the measured 
activity A1 to produce the inventory of each radionuclide.  The resulting activities are the 
same; the ambiguity lies in which factor in the multiplication is called the ‘scaling factor’. 

This document follows the UK convention and describes the pattern of activities as a 
fingerprint, which may then be scaled to produce an inventory.   

(Mathematically, the fingerprint is a vector.  It is scaled by a scalar to produce a radionuclide 
inventory, which is also a vector.) 

Radionuclide fingerprints can apply at different levels.  At the highest level, a 
fingerprint can describe the overall proportions of radionuclides in an operational 
process.  There is likely to be a large amount of information available to generate 
such a fingerprint.  At a lower level, the fingerprint can describe the average 
radionuclide composition of a waste stream, part of waste stream or an individual 
component.  Generally, there are only limited data to generate waste-related 
fingerprints, and this will influence the approach to producing the fingerprint. 

Radionuclide fingerprints are produced for most radioactive waste17.  Once the 
fingerprint has been established, waste is generally characterised during the waste 

 
17  Fingerprinting is not the only approach. For example, if there is only one radionuclide of 

interest, it is not necessary to assert that there are other radionuclides present. Also, 
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sentencing step based on the analysis of a small number of ‘easy-to-measure’ 
gamma-emitting radionuclides: for example, Co-60 and Cs-137.  The concentrations 
of other radionuclides in the waste are derived by scaling the fingerprints according 
to the measured activities of the easy-to-measure radionuclides. 

A mixed waste may require the use of several fingerprints.  For example, the 
radionuclide inventory of a store that contained steel hulls with some fuel adhering 
could be calculated by summing a fuel fingerprint (scaled on a measured activity of 
Cs-137, a fission product) and a steel fingerprint (scaled on Co-60, an activation 
product). 

Chemical processing may separate different elements, but isotopes of the same 
element have the same chemical properties so will move together through a chemical 
process.  Therefore, even if a stream has been split chemically in unknown 
proportions, the fingerprint for isotopes of a single element would remain valid and 
could prove useful. 

British Standard BS ISO 21238 [65] describes how to use this method18 to determine 
the total radioactivity of LLW and ILW waste packages generated at nuclear power 
plants.  IAEA Publication 1363 (‘Determination and use of scaling factors for waste 
characterization in nuclear power plants’ [66]) provides some good examples of using 
the method, including scatter-plots of measured data and a more detailed discussion 
than can be presented here. 

7.2 Producing and maintaining the fingerprint 

Box 7-3 describes the two approaches to producing a waste fingerprint: 

• by calculation / estimation, or; 

• based on a collection of results from sampling and analysis. 

Calculating a fingerprint resulting from neutron activation of materials is easier than 
calculating a fingerprint resulting from contamination.  Calculation is generally not 
used to generate fingerprints of contaminated waste; instead fingerprints for such 
waste are usually developed based on radiochemical analysis of samples.   

 
fingerprints are not helpful if there is no direct relationship between radionuclides present, 
and may not be needed if all are easy to measure. 

18  Nucleonics calculation approaches also refer to a ‘radionuclide vector’, and this term is 
sometimes used in international literature. 
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Box 7-3 How do you produce a radionuclide fingerprint? 

By calculation / estimation, based on an understanding of the material within the waste 
and of the process or processes that generated the waste. 

The approach involves developing ‘fundamental’ fingerprints for well-defined components 
within the waste.  The overall ‘waste fingerprint’ is then generated from these individual 
fundamental fingerprints, with different weightings applied to each fundamental fingerprint 
dependent on the contribution of that component to the total radionuclide inventory of the 
waste.  Uncertainty in the provenance of the waste, e.g. arising from incomplete tipping 
records, can be handled by varying the weightings of the fundamental fingerprints to 
produce a range of resulting fingerprints. 

Nucleonics calculations can be used to calculate ‘fundamental’ radionuclide fingerprints for 
fuel-related or activation-related components of a waste (see Box 8-5 for further detail).  
For a specified fuel element, calculations of fission product activities are generally 
associated with the lowest uncertainties, as fuel composition and burn-up are usually well-
known.  Additional uncertainty is introduced for activation product calculations because of 
uncertainty in material composition and the effects of shielding.  All such calculations 
assume that the system remains ‘closed’ and that radionuclides have not been added or 
lost (other than by radioactive decay) after the material was activated.   

If processing details (decontamination or separation factors) are well known, fundamental 
fingerprints can be divided.  For example, subtracting the uranium and plutonium content 
of a spent fuel fingerprint could give a fingerprint for a raffinate stream, or applying 
separation factors in a mixer-settler plant could give fingerprints for the separated liquid 
streams. 

The greatest uncertainties are associated with calculating the fingerprint of a contaminated 
waste, where there can be uncertainty in the process causing contamination or uncertainty 
because of spatial separation of radionuclides with varying mobilities in the contaminated 
medium (e.g. caesium and strontium in soils and concretes).  For this reason, it is 
uncommon to attempt to calculate from first principles the fundamental radionuclide 
fingerprint for contaminated waste. 

Based on a collection of results from sampling and analysis, either from 
characterisation undertaken to determine the concentrations of contaminants in the waste 
or to determine how the waste will behave when it is processed, transported, stored or 
disposed.  Chapters 9 and 10 discuss non-destructive and sampling and analysis methods 
for obtaining these results. 

The effect of radioactive decay and ingrowth should be calculated when using 
existing non-destructive assay or sampling and analysis data to produce a fingerprint.  
For example, Cs-137 is a prominent radionuclide in contaminated land on nuclear 
sites, resulting from historical spills and leaks.  The half-life of Cs-137 is 30.2 years, 
potentially similar to the time that has elapsed since the spill or leak.  This is relevant 
because Cs-137 activities measured in the soil shortly after the incident will now have 
decreased to half those values, not taking account of any additional reduction due to 
dispersion of Cs-137 in the environment, whilst other contaminants may have been 
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little or highly affected by decay, ingrowth and environmental concentration or 
dispersion.  Thus, the relationship that originally existed between the contaminants is 
no longer valid.  When using historical data to generate the radionuclide fingerprint 
of contaminated soil, it is therefore necessary to consider environmental processes 
and the length of time that has elapsed since the measurements were made. 

The first step when developing a new waste fingerprint is to identify the use or uses 
to which it will be put and what factors will affect its continuing applicability.  This will 
require an understanding of characterisation objectives (see Step 2 of the waste 
characterisation process).  Box 7-4 summarises the main issues that should be 
considered when producing a new radionuclide fingerprint.   
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Box 7-4 Issues for consideration when generating a new radionuclide 
fingerprint 

A fingerprint needs to be appropriate for the characterisation objective.  To ensure this, this 
GPG recommends that the different planned uses of the fingerprint are identified; e.g. to 
estimate external dose rate; to determine the acceptability of a waste in relation to WAC; 
for criticality safety.  A decision should then be made on whether a single waste fingerprint 
would be adequate for the different planned uses or whether multiple fingerprints should 
be generated in order not to under-estimate the potential harm or detriment in different 
waste management scenarios.  For example, in an ILW disposability assessment, it might be 
necessary to generate multiple fingerprints to bound safety-relevant scenarios: one for 
maximum fissile content, one for maximum external dose rate, or perhaps a composite 
maximum that covers both.   

To give a valid fingerprint, the proportions of each radionuclide in the waste at a given 
decay time should be broadly constant, in both time and space. 

• Fuel failures, or changes in coolant chemistry or moderator behaviour, can lead to 
variations over time in the pattern of activity in a reactor primary coolant. 

• Miscellaneous legacy waste retrieved from a series of storage vaults will vary in space.   

Depending on the accuracy required and the magnitude of the variations, either of these 
variations could invalidate a fingerprint.  See Box 7-6 for further discussion of variability.   

The degree of uncertainty acceptable in a fingerprint will depend on the use to which the 
fingerprint is put.  For this reason, when producing a radionuclide fingerprint, it is important 
to understand how the fingerprint will be used.  The acceptable variability in the waste 
fingerprint will have been established in Step 3; see subsection 4.4.   

If a small fluctuation could push a waste across a threshold that affects waste management 
decisions, for example the OoS boundary or the criticality threshold, then fingerprints 
should use cautious assumptions rather than best estimates.   

As far as possible, fingerprints should be validated against measurements on a 
representative material. 

Lastly, the people who apply the radionuclide fingerprint will not necessarily be the people 
who developed it.  Hence, justification of the fingerprint and information on its variability 
needs to be attached to the fingerprint to ensure it is correctly applied.   

As stated in the Clearance and Radiological Sentencing GPG [6], background 
radiation levels can have a significant impact at the OoS boundary.  For example, in 
very lightly contaminated soils that contain elevated levels of naturally-occurring 
uranium, the calculated fingerprint might suggest a uranium-dominated waste if the 
background was not subtracted.  The presence of natural K-40 in concrete can give 
similarly misleading results. 
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Guidance on how to subtract for natural background radioactivity in waste, and when 
it might be appropriate to do so, is given in Reference [10].  That document considers 
both environmental materials, such as soil and rocks, and engineering construction 
materials, such as concrete and brick.  It considers background radioactivity for a 
range of activities, including waste sentencing, decommissioning end points and the 
removal of sites from RSR.  A summary is provided in Box 7-5. 

Box 7-5 Background radioactivity (from [10] ) 

The components of background radioactivity are summarised below and comprise of both 
naturally occurring radionuclides and anthropogenic radionuclides.   

 
The following radionuclides can contribute significantly to background radioactivity in 
materials of relevance to waste management activities:  

• naturally occurring primordial radionuclides: K-40 and radionuclides in the natural 
decay series headed by U-235, U-238 and Th-232; 

• anthropogenic radionuclides: H-3, C-14 and Cs-137. 

Although the radionuclide may be a significant contributor to background radioactivity, the 
absolute activities may be very small relative to concentrations of relevance to some or all 
waste management activities.  Ranges of background activities for the above nuclides in 
soils, rocks, groundwaters and construction materials are presented in [10]. 

There is no regulatory recommendation to take account of background radioactivity when 
sentencing waste.  Taking account of background radioactivity has the potential to reduce 
the volumes of LA-LLW, which is beneficial.  However, it will have little or no effect on the 
volume of higher activity LLW (i.e. waste in the upper part of the activity range) because 
activities subtracted due to background will be insignificant relative to the activity of 
material.   

Subtracting for background radioactivity can only be significant when developing 
fingerprints for waste close to the OoS boundary, and should only be considered in 
these circumstances.   
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The next step will be to estimate the likely uncertainty in the waste fingerprint 
(discussed further in Box 7-6) and the acceptable uncertainty for the different uses of 
the fingerprint.  The acceptable variability will depend on the characterisation 
objective (the use to be made of the fingerprint) and will have been defined in Step 3 
of the waste characterisation process.  Hence, it is not possible for this GPG to be 
prescriptive about a level of variability that is acceptable.  The key issue is that the 
waste producer should understand the variability in the fingerprint and how it was 
derived, and be able to justify its appropriateness.   

The outcome of this step will be a decision on whether a single fingerprint is 
acceptable for all uses currently identified, or whether more than one fingerprint is 
needed to meet the different characterisation objectives.   

Box 7-6 Variability of a radionuclide fingerprint 

Some waste fingerprints can have a relatively low uncertainty, for example if: 

• the waste comprises well-characterised items for which the material composition and 
irradiation history are well defined; or 

• the waste is the product from a well-defined waste conditioning process, with a known 
input. 

Other waste fingerprints will have higher uncertainty.  For example: 

• waste in some storage vaults or silos have variable, and uncertain, composition and are 
produced from a range of processes; 

• the waste comprises a range of miscellaneous activated materials for which the 
irradiation history is poorly known; 

• the waste has been contaminated (e.g. cooling pond wall or contaminated land), and 
spatial separation of radionuclides during migration has resulted in significant 
uncertainty in ratios of radionuclides such as Cs-137 and Sr-90.   

Uncertainties from different components of the fingerprints need to be combined to 
produce an overall estimate of uncertainty in the fingerprint.  Guidance on how to do this is 
given in Chapter 11.  SQEP are needed to understand variability in the waste fingerprint. 

If the resulting uncertainty in the fingerprint is unacceptable (e.g. because it affects the 
evaluation of different waste management options), then the operator should consider 
segregation of waste during pre-treatment, which is likely to simplify subsequent 
characterisation and reduce variability.  See Step 1 of the waste characterisation process 
(subsection 4.2) for further discussion.   

The calculated radionuclide fingerprint should be updated as necessary to account 
for the effects of radioactive decay and ingrowth.  Changes in operations can also 
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lead to a change in the fingerprint of the resulting waste.  For both reasons, it is 
therefore necessary to record the date that characterisation data are acquired.   

The calculated radionuclide fingerprint should be routinely reviewed during the 
project lifecycle to determine whether it is still appropriate.  The fingerprint should be 
reviewed and updated as necessary: 

• at the start of each of the transition and decommissioning / remediation 
phases (see Figure 1-2).  This is because the nature and provenance of the 
waste may change through the lifecycle; 

• after a change in operations; 

• after an incident; 

• if results from routine surveillance / monitoring of produced waste indicate a 
change in radionuclide content from that assumed in the fingerprint.  The 
trigger levels (performance measure) should have been defined in the planning 
process (Step 3).  If monitoring shows components of the fingerprint outside 
the permissible range, then review and develop a new fingerprint as 
appropriate; 

• after the introduction or modification of a waste processing step.  The 
fingerprint may change after waste processing as a result of partitioning of 
radionuclides between products and effluents.  The extent of this change will 
depend on the nature of the process; see Figure 1-2 for the radioactive waste 
management activities addressed by this GPG. 

It is common practice to assign a validity period to a radionuclide fingerprint.  This 
GPG supports the concept of a validity period, but recommends: 

• that the length of the validity period is carefully chosen and justified (e.g. to 
end before any planned changes that might affect the fingerprint), and; 

• that a review process, tailored to the specific requirements of the fingerprint, 
be applied during the validity period to determine whether the fingerprint is 
still appropriate or whether it requires updating because it has been 
invalidated by changes such as those listed above. 

A radionuclide fingerprint within its period of validity should not be ‘blindly’ used for 
purposes that it was not assessed against.  The fingerprint should first be assessed to 
determine whether it is valid for this new purpose.   

7.3 Using an existing fingerprint 

In many cases, a fingerprint will already have been produced for the waste that is 
being characterised.  There can be a tendency to ‘rush to fingerprint’ by applying 
such existing fingerprints to new characterisation data without considering whether 
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they are appropriate or even credible.  This tendency should be resisted; avoid 
‘borrowing’ fingerprints without thinking whether they are correct or applicable.  
Fingerprints that are appropriate for transporting a waste package may not be 
appropriate for assessing operational safety at a GDF or near-surface disposal facility.  
Using inappropriate or incorrect fingerprints can result in wrong decisions being 
made, for example, incorrect sentencing of waste at the VLLW / OoS boundary.  The 
consequences of such wrong decisions can be large. 

Therefore, this GPG recommends that each existing fingerprint be reviewed to 
determine whether it is appropriate for the proposed future use.  It is important to 
understand the derivation of the existing fingerprint (e.g. it applies to waste in tank X, 
contaminated from area Y at site Z etc.) and its original use.  This is likely to involve a 
review of the information used to generate the existing fingerprint.  See Chapter 5 for 
discussion and guidance on reviewing existing information to develop an 
understanding of the waste composition. 

See Chapters 8 to 10 for discussion and guidance on acquisition of data to produce 
the radionuclide fingerprint.  Box 7-7 provides a checklist of issues to consider when 
developing and using a radionuclide fingerprint. 

Box 7-7 Questions to ask when generating and using a radionuclide 
fingerprint for a waste 

Should natural background radioactivity be subtracted when developing the fingerprint? 

What is the fingerprint to be used for? What are the characterisation objectives? 

Will more than one fingerprint be required to meet the characterisation objectives? 

If an existing fingerprint is to be used, is it appropriate / correct for the new use? Is the 
fingerprint unchanged after any waste treatment activities? 

What is the acceptable variability in the fingerprint? This will be dependent on the 
characterisation objectives and should have been defined in planning process.   

What is the estimated variability in the fingerprint? See Chapter 11 for guidance on how to 
combine uncertainties together when generating a scaling factor for the waste: it is 
necessary to understand propagation of uncertainties and the calculation of overall 
uncertainty. 

Is it appropriate to determine the fingerprint based on ‘best estimate’ proportions of 
radionuclides? Or on cautious estimates of the proportions of those radionuclides that have 
the greatest effect on waste management decisions? 

When is it appropriate to re-evaluate the validity of a fingerprint? (‘Have you still got what 
you think you’ve got?’) 
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Are there implications arising from radioactive decay or ingrowth? Should corrections be 
made to account for time? 

Is there an acceptable ratio of ‘easy to measure’ (for example gamma-emitting 
radionuclides) to ‘difficult to measure’ radionuclides in the fingerprint to allow for the 
correct calculation of a waste inventory? This is important if gamma measurements are 
being used to derive inventories for the waste through the use of scaling factors.  It will not 
be appropriate to do this for waste that does not have a reliable gamma signature.  This 
refers to the lack of gamma-emitting radionuclides in the fingerprint, not to ‘limit of 
detection’ issues.  However, the likely measurement limit of detection also needs to be 
considered. 

7.4 Summary 

Key points of good practice when developing and using radionuclide fingerprints are 
given in Box 7-8.  Box 7-9 presents possible pitfalls. 

Box 7-8 Developing and using radionuclide fingerprints.  Key good 
practice points 

• Identify the planned use or uses of the fingerprint.  Do not use the fingerprint for other 
uses without considering whether it is appropriate for those other uses. 

• Decide whether more than one fingerprint would be required to cover the various 
potential waste management options being considered for the waste.   

• Decide whether the fingerprint is to be produced by calculation / estimation or based 
on a collection of results from sampling and analysis.  If the former, consider what 
fundamental fingerprints would be appropriate to describe components in the waste.  
See Box 7-3 for details.   

• Understand the acceptable variability in the fingerprint (which will depend on the uses 
to which it is put). 

• Consider and evaluate the uncertainties in the fingerprint.  See Box 7-6 for further 
guidance. 

• Whenever possible, seek validation of the fingerprint through measurements on an 
appropriate material.   

• Ensure that information justifying the fingerprint for planned uses and evaluating its 
uncertainties and variability is kept with the fingerprint so that future users of the 
fingerprint can decide whether it is appropriate for their needs. 
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Box 7-9 Developing and using radionuclide fingerprints.  Possible 
pitfalls 

• Using an existing fingerprint without considering whether it is appropriate or even 
credible for the proposed new application.  For example: 

− the existing fingerprint was produced for a different material or is based on a 
different irradiation history 

− the existing fingerprint was produced for a different purpose, and is not 
appropriate for the new purpose.  See Box 7-4 for further discussion. 

• Failing to take account of background radioactivity when developing a new fingerprint.  
This is only an issue for waste that is very close to the OoS boundary.  See Box 7-5 for 
further guidance.   

• Failing to decay the fingerprint correctly to the appropriate age.  See Box 8-10 for 
further discussion. 
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8 Neutronics calculations of radionuclide activities 

Box 8-1 Aims of Chapter 8 

This chapter describes the calculation of radionuclide activities and fingerprints using 
nucleonics calculations.  After reading this chapter, the reader should understand the 
following. 

• How nucleonics calculations can help determine radionuclide inventories, either directly 
or via fingerprints. 

• When characterisation by calculation could be appropriate. 

• The input data that are required for nucleonics calculations. 

• The circumstances in which various calculation techniques are appropriate. 

• The sources of uncertainty in the results. 

8.1 Introduction 

This chapter discusses calculating radionuclide activities and fingerprints via 
nucleonics calculations of fission and activation products: either by making new 
calculations, or by using the results of previous calculations.  It covers the use of 
fingerprints and scaling factors.  The approach is consistent with BS ISO Standard 
16966 [67], which specifies how to carry out such calculations and includes some 
example procedures.  This chapter also describes how to use these fingerprints to 
‘enhance’ a set of measured activities and produce radionuclide inventories, and the 
uncertainties that could arise in this process.  Box 7-3 gives definitions of key terms. 

The chapter does not describe: 

• how to decay an inventory to a particular date19; 

• how to infer the activity of a radionuclide from an external measurement on a 
waste package.  Doing so (see Chapter 9 - Non-destructive Assay) requires a 
radionuclide fingerprint, and a way to relate the external measurement (e.g. of 
gamma radiation) back to the quantity of the radionuclide that is producing it; 
or 

• calculations, if such were possible, to determine physical form or chemical 
characteristic of the waste. 

Nucleonics calculations apply most easily to HAW, for which provenance (i.e. which 
reactor, in which year) and material compositions (e.g. which fuel type or reactor 
component) are better understood than for some LAW, such as contaminated land, 
where the precise origin of the activity is likely to be less easily defined.  LAW is also 

 

19  RWM can provide advice on how to calculate decay and ingrowth 
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less likely to be isolated and self-contained, so leaching complicates the picture.  The 
examples in this chapter concentrate on HAW. 

8.2 Planning for calculation 

Steps 1 to 8 of the waste characterisation process recommended in Chapter 4 are 
concerned with planning.  This section of Chapter 8 provides additional information 
that is relevant to planning nucleonics calculations, together with guidance on 
activities and outputs in Steps 1 to 8 that are specific to nucleonics calculations.  Also 
refer to Box 4-9 and Box 4-10, which describes the relative advantages and 
disadvantages of the different approaches to characterisation. 

8.2.1 Step 2.  Identify the characterisation objective(s) 

Examples of characterisation objectives that might be particularly suited to 
characterisation by calculation are given below. 

• A highly-irradiated reactor component could produce a high gamma dose 
rate.  If the component was inaccessible in the core, measurements could be 
impossible until it was retrieved for packaging.  In order to specify the amount 
of shielding required to ensure that the dose rate complied with transport 
regulations, detailed calculations for this particular component would be 
needed. 

• To estimate the radionuclide inventory of a package of sludge retrieved from a 
silo or cooling pond that had contained a variety of items with uncertain 
provenance and various ages, a more approximate calculation would be 
appropriate. 

• Design of a waste treatment plant for a new-build reactor could use 
approximate calculations of waste inventories, although focused on ideal full-
power operation rather than historical averages. 

• Relatively simply ‘bounding case’ calculations could suffice if the objective was 
to assign a treatment route (e.g. metal recycling) for LAW: the objective is to 
provide reassurance that the waste meets the acceptance criteria, rather than 
generate an accurate inventory for each item. 

• Calculating the decay power arising in a disposal vault full of waste packages 
could use a simplified set of calculations with representative input data. 

8.2.2 Step 3.  Determine the information required to achieve the 
characterisation objective(s) 

The reason for carrying out the calculations will also determine whether ‘best 
estimate’ or ‘cautious estimate’ assumptions are appropriate.  This can affect the 
choice of input parameters such as precursor concentrations, irradiation level and 
decay period.  A ‘best-estimate’ output would be calculated from medians or 
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means20, whereas calculations to test whether a threshold could be exceeded should 
be based on cautious data, potentially including bounding values if these are known. 

8.2.3 Step 4.  Review and evaluate existing information 

Step 4 (subsection 4.5) foreshadows the use of calculation and fingerprints.  The 
characteristics of a radioactive waste can be inferred, at some level, from an 
understanding of the provenance of the waste (e.g. the processes that created the 
waste) or though comparison with similar waste elsewhere. 

Reviewing the available information about a waste stream should reveal how reliable 
the input data for the calculations are.  Where did the waste come from? How much 
is there? How old is it? Why is it radioactive? If the input data for the calculations 
cannot be established with certainty, the results will be correspondingly uncertain.  
Box 8-2 describes the input data that are needed for nucleonics calculations, and the 
uncertainties associated with different data sets. 

 

 
20  Radioactive decay is exponential in time rather than linear. For such non-linear 

processes, using a mean decay period will give an incorrect result. The correct procedure 
in this case is to calculate inventories for each time of interest then to average the 
activities, weighted if necessary by the masses or volume that arise at each time. In other 
words, average the output rather than the input. 
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Box 8-2 What input data are needed for nucleonics calculations? 
What are the uncertainties?  

• Nuclear data (cross-sections, half-lives) 
Uncertainties in nuclear data tend to be very small, e.g. for Co-60 half-life the JEFF3.3 
nuclear database gives 5.27111 y ± 7.01264 h and Evaluated Nuclear Data File (ENDF) / 
B-VIII.0 gives 5.27124 y ± 3.36 h.  The quoted uncertainties (standard deviations) 
translate to 0.00080 y and 0.00038 y or 0.015% and 0.007%. 

• Irradiation history (reactor data): 

− which reactor? 
− location in reactor (axial and radial) 
− neutron flux history (including its energy spectrum) at that location 
− coarseness in calculation mesh → approximate results 
− Monte Carlo calculations → stochastic uncertainties 
− inherent numerical uncertainties (stochastic, and from the calculation mesh) 

tend to be small.   
Uncertainties in reactor data range from moderate to very large.  Dates and locations 
for a particular reactor component may be well-known, but the detailed flux history at 
those locations is likely to be less certain.  A drum of sludge from a fuel pond, or sludge 
contamination on items taken from that pond, may have a mixed and very uncertain 
provenance. 

• Materials 

− material masses (e.g. fuel type or reactor component) 
− elemental compositions of initial material (e.g. fuel type or reactor component), 

including trace elements 
• Characteristics of waste 

− decay time since discharge from reactor 
Uncertainties in materials and waste characteristics range from small (for a single item) to 
very large (for a mixed waste stream). 

8.2.4 Step 6.  Develop the approach for characterising the waste 

Step 6 (subsection 4.7) describes how the approach to characterising the waste 
should be developed.  Figure 1-4 shows the three potential approaches.  Moving 
down the figure in the sequence ‘calculation’  ‘non-destructive assay’  ‘sampling 
and analysis’ generally, but not always, increases confidence in the results.  It also 
generally increases both costs and worker exposure to hazards.  The output from this 
step is a decision on whether characterisation by calculation should form part of the 
characterisation approach.   

This GPG considers that it is generally good practice to use measurements from non-
destructive assay or from sampling and analysis to confirm that assumptions made in 
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the calculations are broadly correct or to enable scaling.  If characterisation is to be 
made solely on the basis of calculation, then this should be justified; for example: 

• the composition of the waste (in particular, all trace components that are 
precursors to activation products), the irradiation history of the waste and the 
subsequent behaviour of the activation products are all known with a high 
degree of accuracy.  Consequently, there is a high degree of confidence in the 
calculated inventory, which will enable the characterisation objectives to be 
achieved; 

• Measurements cannot be made at the time when characterisation information 
is required.  For example; 

− materials that will become waste during reactor decommissioning are 
inaccessible for sampling during reactor operations.  Reactor components 
would be an example; 

− dose rates are so high that making measurement (including remote 
measurements) is unacceptably hazardous; 

• The waste has not yet been produced.  An example is where inventories are 
needed to inform the design of facilities to handle waste from new-build 
reactors or to develop initial decommissioning plans at the 
design/construction of a new nuclear reactor. 

Once the radionuclide inventory has been established, either by calculation or by 
assay, straightforward secondary calculations can be used to calculate characteristics 
such as: 

• decay power (heat output); 

• radionuclide masses; or 

• A2 multiples (as required under IAEA Transport Regulations [40]). 

Dose rates can also be calculated, provided that either shielding codes or tabulated 
sets of coefficients for a suitable waste package are available. 

The nucleonics codes typically used in this work are listed in Box 8-3.  The codes 
require training and should be used only by SQEP.  RWM can provide advice on how 
to calculate decay and ingrowth.  However, the fingerprints produced by these codes 
may be used in simpler pieces of software, for example GFIT.  GFIT has been 
developed for RWM and is intended to replace RWM’s existing generic fuel and 
moderator spreadsheets.  GFIT is described further in Box 8-4. 
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Box 8-3 Nucleonics codes typically used for characterising waste 

The nucleonics codes typically used for calculating radionuclide inventories are listed 
below. 

• WIMS.  From the reactor geometry, calculates neutron behaviour and hence flux at 
various locations.  Deterministic. 

• TRAIL.  Assembles neutron flux information and nuclear data into a burnup-dependent 
cross-section library that can be used in FISPIN. 

• FISPIN.  Using information from WIMS and TRAIL, calculates activation, fission and 
decay of an initial material inventory for a given reactor history.  Deterministic. 

• FISPACT.  Developed from FISPIN by the fusion community, FISPACT focuses on 
activation rather than fission reaction.  Deterministic. 

• MCNP.  General-purpose Monte Carlo N-Particle code that can be used for neutron, 
photon, electron, or coupled neutron / photon / electron transport, including fission. 

• TRIPOLI.  Monte Carlo code to solve the linear Boltzmann transport equation for 
neutrons and photons, in three dimensions. 

• CITATION.  Nucleonics code used for modelling reactor cores.  Deterministic. 

An assumption when estimating radionuclide inventories using nucleonics 
calculations is that the fission or activation products are not subsequently lost from 
the material or waste. The output of nucleonics calculations should be reviewed to 
identify radionuclides that, because of their chemical behaviour, could be mobile 
under reactor conditions and/or conditions prevalent in reactor waste operations, e.g. 
in spent fuel cooling ponds.  See Box 5-4 for further discussion. 
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Box 8-4 GFIT 

The GFIT is a toolkit developed for RWM to calculate radionuclide inventories that arise 
from typical irradiations in Magnox reactors, AGRs and Pressurised Water Reactors (PWRs).  
GFIT is intended to replace RWM’s five existing Generic Fuel Materials spreadsheets for use 
in disposability assessments.  GFIT has a simpler user interface, updated irradiation 
histories, and an improved method for calculating radioactive decay and ingrowth.  It 
covers the 277 radionuclides that may be generated in a fission reactor and have half-lives 
of ten days or more. 

The toolkit allows the user to assemble radionuclide inventories in an intuitive and 
controlled manner.  It offers functions to: 

• define and combine materials; 

• edit material compositions; 

• select an irradiation history (low / medium / high, for each reactor type); and 

• decay the resulting inventories by any period.   

Waste producers could use GFIT to understand the range of radionuclides that could be 
present in a particular waste.  However, it is not applicable to fusion reactors and should be 
used with care for waste streams that have undergone chemical or physical separation, e.g. 
in reprocessing plants, enrichment plants or weapons facilities.   

GFIT is available free of charge from RWM for use on appropriate projects. 

8.2.5 Step 8.  Produce the documentation for characterisation 

The outcome of the steps described above should be recorded in the CP.  This will 
justify why characterisation by calculation is appropriate.  A DAP should be produced 
after the CP has been approved.  For nucleonics calculations, the DAP will form the 
specification for the calculations and justify why they are appropriate.   

Subsection 8.3 discusses calculation methods in more detail, and includes comments 
on when the different calculation methods could be appropriate.  Box 4-12 presents 
suggested headings for the ‘characterisation by calculation’ section of the DAP. 

8.3 Approaches to calculation 

In Figure 1-4, the green box shows how calculation alone can be used to derive 
inventories; the orange box shows how fingerprints derived from calculation can be 
scaled by measured data.  This section provides more detail on these two 
approaches. 
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8.3.1 Calculation from first principles 

Calculation from first principles can give results directly for activation products but 
not for contamination.  Start with material compositions (including trace elements) 
i.e. precursors.  Then do either of the following. 

• Obtain neutron flux data for the component(s) in question.  (This could require 
running e.g. WIMS, or using pre-existing neutron data.) Use FISPIN, FISPACT or 
a similar code to calculate fission and activation in the given flux for all the 
radionuclides that are of interest (currently 112 Relevant Radionuclides for 
RWM; the list is under review). 

• Use the pre-calculated results that are available in the Generic Fuel Inventory 
Toolkit.  These cover a small number of cases for each reactor type: low, 
medium and high irradiation levels for Magnox, AGR, Light-water Reactor 
(LWR), and LWR with Mixed Oxide Fuel (MOX).  The decay time and material 
composition may be amended but only the stated irradiations are available.  
The calculations cover materials that are part of the fuel assemblies (and are 
discharged according to the prescribed fuel cycles), plus Magnox and AGR 
graphite moderator (and its impurities). 

8.3.2 Take results calculated as above and use them as fingerprints 

For example, if the measured Co-60 specific activity in a piece of steel is half of the 
value calculated from first principles for a steel component with the appropriate age, 
composition and irradiation history, then assume that it has actually seen half of the 
neutron fluence assumed in the calculations and set the specific activities of the other 
radionuclides to half of the unscaled activities.  This is the approach usually used for 
Nature and Quantity (N&Q) assessments, where activities are available for at least 
some of the radionuclides (but usually a rather sparse set).  The case study in 
‘Appendix 1: Case studies’ shows an example.  The method can be applied to 
contamination as well as activation.  Contamination from spent fuel fragments is 
inherently different from in situ activation, so it may be necessary to scale fission 
products (e.g. using Cs-137) separately from activation products (e.g. using Co-60).  
This method has the following drawbacks. 

• Some radionuclides may be preferentially removed from some locations and / 
or may concentrate in other locations.  For example, caesium leaches relatively 
quickly out of spent fuel, so caesium isotopes in wet-stored fuel would be less 
abundant than the ratios expected in as-irradiated fuel, and correspondingly 
more abundant in ion-exchange resins used to clean up fuel storage ponds.  
Detailed knowledge of the behaviour of radionuclides in the relevant systems 
could overcome this drawback. 

• The method is sensitive to variations in the initial composition.  For example, if 
the reason for the Co-60 inventory being half of the value from the reference 
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calculation is that the precursor cobalt concentration was half of the assumed 
value, then it would be inappropriate to halve all of the other activities. 

In each case, decay would need to be calculated to a desired date.  Box 8-5 describes 
these three approaches to inventory characterisation (approaches 1a, 1b and 2), 
together with: information on example computer codes; brief descriptions of 
advantages and disadvantages and pitfalls; and comments, including on typical 
applications.   

Box 8-5 Using inventory calculations 

Approach Example 
codes 

Advantages and 
disadvantages Pitfalls Comments / 

Applications 

1a – calculate 
inventory from 
first principles 

FISPIN, 
FISPACT 

Advantages 
- inexpensive 
- produces 
comprehensive 
inventories 
- no need for 
measurements 
Disadvantages 
- input data may 
be poorly known 

Uncertainties in 
irradiation 
history and 
precursor 
concentrations 
Non-uniform 
radionuclide 
redistribution 

Use when toolkit 
does not 
contain a 
suitable 
irradiation 
history.   
Gives results 
directly for in 
situ activation. 
Can provide 
fingerprints for 
Approach 2. 

1b – calculate 
inventory from 
selected pre-
calculations 

Toolkit, e.g. 
GFIT 

Advantages 
- cheapest 
approach 
- simple 
Disadvantages 
- approximate 

Uncertainties in 
precursor 
concentrations 
Non-uniform 
radionuclide 
redistribution  

Good first step.   
Gives results 
directly for in 
situ activation. 
Can provide 
fingerprints for 
Approach 2. 

2 – apply 
fingerprints 

spread-
sheets 

Advantages 
- inexpensive 
- based on reality 
(measurements) 
Disadvantages 
- may be difficult 
to assess 
uncertainties 

Uncertainties in 
irradiation 
history and 
precursor 
concentrations 
Non-uniform 
radionuclide 
redistribution 

Use when some 
measurements 
are available: 
can fill in the 
gaps.   
Take care to 
distinguish 
activation from 
contamination. 

 

The approach to calculating overall uncertainties in a chain of calculations is 
signposted in Box 8-6.   
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Box 8-6 Uncertainties 

Combining uncertainties in a chain of calculations is difficult.   

The National Physical Laboratory (NPL) has published three excellent Good Practice Guides: 
A Beginner’s Guide to Uncertainty of Measurement [68], Radiometric Non-Destructive Assay 
[69] and Estimating Uncertainties in Testing [70].   

The approach described in the Beginner’s Guide is general, leads to the ‘correct’ statistical 
answer, and covers calculation as well as measurement.  It is recommended reading.   

(The term ‘uncertainty budget’ in the Beginner’s Guide is slightly misleading: the calculation 
gives the uncertainty in the final result, rather than defining what uncertainty could be 
‘afforded’ at each step.) 

Box 8-7 describes QA requirements for nucleonics calculations, recognising that 
different levels of checking are appropriate for different applications. 

Box 8-7 QA for calculations 

• Define the checking that is required 

− Level of rigour 
− Self-check 
− Independent check 
− Spot-checks may suffice for data copied en bloc, whereas values typed 

individually should be checked individually 
− The person carrying out the calculations is likely to be the most aware of the 

potential for errors, so should be involved in defining the required checks 
• Record the calculation date, and the versions of any software used 

• Input data 

− Record the sources 
− Check copying / transcription. 

• Calculations 

− May rely on ‘verified’ software that is used within its validation range 
− Check that the intended calculation has been carried out 

• Results 

− Check copying / transcription 
− Do they make sense? 
− Compare calculated values with measurements (e.g. from non-destructive 

assay) that have not contributed to the calculations. 

A case study, which shows the use of detailed activation calculations to ‘enhance’ a 
radionuclide inventory, is presented in Appendix 1: Case studies. 
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8.4 Review and evaluation of results from calculations 

Box 8-8 provides guidance on reviewing and evaluating the results from calculations.  
This is a key step.  The box identifies key questions that should always be asked and 
potential actions to be taken if output from the calculations appears to be 
unreasonable. 

Box 8-8 Using the results: review and evaluation of calculations 

This box provides guidance on reviewing and evaluating the results from calculations.  It 
lists the key questions that should always be asked, and describes potential actions to be 
taken if results from the calculations appear to be unreasonable.   

• Should I be seeing these radionuclides?  

• In these concentrations? 

• Do the radionuclide ratios make sense?  

− Ratios for different isotopes of same element or ingrowth of daughter 
radionuclides can indicate age.  This is the same idea that underpins C-14 
dating in archaeology.  Is the inferred age reasonable for this waste? 

− Discrepancies for different elements can indicate differences from assumed 
precursor concentrations (or age, or irradiation history). 

• Discrepancies with measured data could indicate problems with sampling, with the 
measurements, or with the input data assumed for the calculations.  The waste stream 
could also have undergone chemical or physical separation.  Investigate further, 
with an open mind.  Chapters 9 and 10 discuss uncertainties in measurements. 

8.5 Summary 

Key points of good practice when characterising waste using nucleonics calculations 
are given in Box 8-9.  Box 8-10 presents possible pitfalls. 

Box 8-9 Characterising waste using nucleonics calculations.  Key good 
practice points 

• Do not forget trace impurities, which may activate to give radionuclides with significant 
radiological effects. 

• Review the results to check that they make sense. 

• Seek validation of calculation results. 
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Box 8-10 Characterising waste using nucleonics calculations.  Possible 
pitfalls 

Some of the pitfalls that can cause problems with the calculation approach are listed below. 

• Failing to take account of the uncertainties described in Box 8-6. 

• Failing to establish provenance (location in reactor, irradiation history, decay period). 

• Using an incomplete or approximate elemental composition 

• Using inappropriate decay / ingrowth calculations, e.g. using a mean decay time 
instead of summing over different decay periods.  (For a radionuclide with half-life 𝑇𝑇½ 
that arises with constant activity over a period 𝑇𝑇, using the activity at the middle of the 
arising period under-estimates the true inventory by a factor of sinh(𝑥𝑥) /𝑥𝑥, where 𝑥𝑥 =
ln(2)𝑇𝑇/(2𝑇𝑇½).  For example, for a 30-year arising period, the error factor would be 1.02 
for Cs-137 (half-life 30.17 y), 1.79 for Co-60 (half-life 5.27 y) and 5.89 for Fe-55 (half-life 
2.74 y).) 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 126 

 

9 Characterisation by non-destructive assay 

Box 9-1 Aims of Chapter 9 

This chapter describes waste characterisation by non-destructive assay.  After reading this 
chapter, the reader should: 

• understand factors that influence the choice of non-destructive assay technique 
(subsection 9.3); 

• understand the range of techniques available for non-destructive determination of 
radiological, chemical and physical characteristics (subsection 9.4).  Tables are 
presented that describe: 

− the individual techniques, together with a commentary on their relative 
advantages and disadvantages and on their performance; 

− typical applications of the different techniques. 
• understand how mathematical modelling can be used to support non-destructive 

radiological characterisation (subsection 9.5). 

9.1 Introduction 

In this GPG, ‘non-destructive assay’ is defined as a group of analysis techniques used 
to characterise the radiological, chemical or physical properties of a waste without 
the need for prior sampling and without causing the chemical or physical form of the 
waste to change.  Chapter 10 (Characterisation by sampling and analysis) considers 
the use of non-destructive techniques to analyse samples collected from the waste.  
This type of analysis is generally undertaken in the laboratory and is considered 
separately in this GPG. 

Section 9.2 provides guidance on planning for non-destructive assay.  Subsection 9.3 
discusses the suitability of different non-destructive techniques to different 
applications.  To avoid separating this discussion over Chapters 9 and 10, applications 
of non-destructive analysis both with and without prior sampling are considered. 

Subsection 9.4 describes non-destructive techniques that are currently being 
successfully applied to determine radioactivity, chemistry and physical properties of 
solid radioactive waste.  Hence, they can be considered as examples of good practice.  
As with subsection 9.3, applications of non-destructive analysis both with and without 
prior sampling are considered.  The tables in subsection 9.4 give a brief outline of 
each technique and provide guidance on the applicability of each technique to 
different characterisation applications.  Box 9-2 in subsection 9.6 introduces some 
promising emerging technologies.  As these techniques are currently in development, 
they cannot yet be considered as good practice. 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 127 

 

Laboratory applications of non-destructive radiometric techniques are discussed 
further in subsection 10.4.  The subsections on detection limits (subsection 10.4.4), 
assessment of analytical uncertainty (subsection 10.4.5) and interferences and 
difficulties in measurement (subsection 10.4.6) are also appropriate for all 
applications of non-destructive assay presented in this chapter.  Cross-references are 
provided below where appropriate. 

9.2 Planning for non-destructive assay 

Steps 1 to 8 of the waste characterisation process recommended in Chapter 4 are 
concerned with planning.  This section of Chapter 9 provides additional information 
that is relevant to planning characterisation by non-destructive assay, together with 
guidance on activities and outputs in Steps 1 to 8 that are specific to non-destructive 
assay.  Also refer to Box 4-9 and Box 4-10, which describe the relative advantages and 
disadvantages of the different approaches to characterisation. 

9.2.1 Step 1.  State the problem and identify the key stakeholders 

Stakeholders in the waste characterisation process are identified in Box 4-3.  Early 
engagement of stakeholders may have the following benefits for projects involving 
non-destructive assay:  

• establishing lines of communications; 

• agreeing access to locations where non-destructive assay measurements can 
be made; 

• minimising the risk that key issues are being overlooked; and 

• ensuring that non-destructive assay is carried out safely.  Although 
non-destructive assay is generally less hazardous than sampling and analysis, it 
will be important to understand, and mitigate, hazards associated with the 
measurement locations and equipment to be used.  All potentially applicable 
hazards should be considered. 

9.2.2 Step 2.  Identify the characterisation objective(s) 

Examples of characterisation objectives that might be particularly suited to 
characterisation by non-destructive assay are given below.   

Radionuclide/radioactivity analysis 

• Analysis of waste in situ:  

− assessment of dose/ activity and location of contamination or nuclear 
material in process infrastructure such as cells, caves, pipework, vessels and 
gloveboxes; 
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− characterisation of facilities (e.g. buildings, vaults, plant infrastructure, 
drainage systems, land) prior to excavation, demolition or decontamination.  

• Ex situ analysis without prior sampling: 

− characterisation of higher activity waste before conditioning or packaging, 
as part of selecting options for waste processing; 

− analysis of waste after conditioning or packaging, as part of waste 
sentencing; 

− as part of waste process or condition monitoring; 

− characterisation of OoS/LLW rubble, other construction materials and soil 
after demolition/excavation, to enable waste to be segregated based on 
solid radioactive waste category. 

Analysis of physical and chemical properties 

• Pressure, level, flow and temperature measurement as part of waste process or 
condition monitoring  

• Mass sensors.  Measurement of container weight to ensure that the container is 
within the operational limit for a waste consignment. 

• Visual inspection.  Visual inspection to ensure compliance with the ‘physical 
and chemical properties’ WAC for the LLWR. 

9.2.3 Step 3.  Determine the information required to achieve the 
characterisation objective 

Non-destructive assay may involve measurement of 100% of the material / waste; for 
example, gamma surveys of the type illustrated in Figure 6-3, which can be applied 
both to the surfaces of land and t structures.  It would also be possible to characterise 
all waste packages prior to disposal or transfer to an Interim Storage Facility.  
Alternatively, non-destructive assay could be undertaken at specific locations or on 
only a selection of waste packages (e.g. drums or bags) or waste items.  In these 
circumstances, the choice of locations / waste packages should be justified.   

Subsections 10.2.3 and 10.2.4 provide guidance on selecting locations for sampling.  
The approach described in these subsections is also appropriate for selecting 
locations for non-destructive measurement. 

Subsection 11.3 of this document discusses sources of uncertainty in waste 
characterisation and provides guidance on how to determine an acceptable level of 
uncertainty and how to estimate uncertainty.   
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9.2.4 Step 6.  Develop the approach for characterising the waste 

Step 6 (subsection 4.7) describes how the approach to characterising the waste 
should be developed.  Figure 1-4 shows the three potential approaches.  Moving 
down the figure in the sequence ‘calculation’  ‘non-destructive assay’  ‘sampling 
and analysis’ generally, but not always, increases confidence in the results.  It also 
generally increases both costs and worker exposure to hazards.  The output from this 
step is a decision on whether characterisation by non-destructive assay should form 
part of the characterisation approach.   

9.2.5 Step 8.  Produce the documentation for waste characterisation 

The CP will describe Steps 1 to 7 of the waste characterisation process, and will have 
described and justified the approach to waste characterisation. 

The suggested structure for the DAP is presented in Box 4-12.  Further information 
for the section concerned with non-destructive assay is given below. 

• Identify materials, facilities (buildings, plant infrastructure, drainage systems, 
land), waste etc. to be characterised by non-destructive assay.  The volumes to 
be interrogated by non-destructive assay should be estimated. 

• Select and justify non-destructive assay technique(s) to achieve the 
characterisation objective.  These techniques could be applied in isolation or in 
parallel with characterisation by calculation and/or characterisation by 
sampling and analysis.  Table 9-1 and Table 9-2 should be referenced to justify 
the choice of non-destructive assay technique(s)21. 

• Select locations for non-destructive assay and the materials / waste to be 
analysed.  See subsection 9.2.3. 

• Include reference to the operating procedures for the instruments, including 
calibration and routine functional testing, and the approach to quantify the 
determinand.   

Some points for consideration are listed below. 

• The geometry (plane source, point source etc.) and location of the 
material/waste being analysed play an important part in how well the 
measurement can be performed.  Calibrations need to take these factors into 
account so that the assay uncertainty can be determined correctly. 

• Fluctuations in external radiation (for measurements of gross radioactivity or 
radionuclide activities).  In working nuclear facilities, such fluctuations can 

 
21  The tables are based on experience and should not be taken as mandatory. It is for the 

site operator to decide and justify which techniques are best-suited to achieve a 
particular characterisation objective. 
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potentially be caused by movement of radioactive materials in the vicinity of 
the measurement location.  The frequency of determining background 
radiation should be informed by an understanding of such movements.  In 
their absence, a daily measurement of background is likely to be sufficient.  
Further guidance on subtracting background radioactivity is given in [10]. 

• For radiation measurement techniques, the uncertainty due to counting 
statistics is determined by the counting time and the density of the waste.  The 
amount and identity of the radionuclides present also contribute to the total 
measurement uncertainty. 

• Dead time and spectral interference corrections and their related uncertainties 
are propagated with the counting statistics uncertainty.  The counting statistics 
uncertainty can be reduced by extending the assay time, but in practice a 
maximum assay time is usually pre-set to balance assay quality against 
throughput needs.  Further discussion is given in subsection 10.4.5. 

9.3 Factors that influence the suitability of non-destructive assay 
techniques to applications 

The following factors influence the suitability of a non-destructive measurement 
technique to a particular application, which could be related to any of the three 
purposes in subsection 1.4.422. 

Ease of deployment of the analytical instrument 

• Instruments permanently installed in waste management facilities (such as 
waste processing plants and storage facilities) or in analytical testing 
laboratories do not require to be moved after installation. 

• Instruments for in situ analysis as part of characterisation campaigns need to 
be easily transportable: by the operator (e.g. hand-held or carried in a 
backpack); by a vehicle (e.g. a 4x4 truck or a remotely operated vehicle (ROV)) 
or some other device (e.g. long-reach tools and crawler devices for deploying 
equipment in drains).  Any access constraints, such as the size of available 
openings in waste vaults, cells, caves etc. or the internal diameter of a pipeline, 
will further limit instrument size. 

• Instruments for ex situ analysis without prior sampling will need to be 
transportable to and from the analysis location, but such movements will be 
infrequent.   

 
22  (1) As part of ‘site characterisation’ or ‘facility characterisation’; (2) Characterisation to 

enable the optimum waste processing solution, which also considers the requirements to 
safely transport, store and dispose of waste, to be selected and designed; (3) 
Characterisation as part of the waste sentencing process, to ensure radioactive waste is 
correctly classified / categorised (Exempt, LLW or ILW) and complies with the WAC/CFA 
for treatment, storage or disposal solutions 
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Achievable accuracy and limits of detection 

In all cases, it is difficult to measure determinands accurately close to the limit of 
detection; see subsection 10.4.4 for a discussion.  It is also difficult to measure 
concentrations accurately if there are significant interferences between 
determinands; see subsection 10.4.6 for discussion on interferences and 
difficulties in measurement.  It is therefore important to select a non-destructive 
assay technique with a sufficient accuracy and a sufficiently low limit of detection 
to achieve the desired characterisation objective.   

• Permanently installed instruments in analytical testing laboratories can be 
designed and operated in an environment that is optimised for the 
measurement technique.  This would include optimising measurement 
geometry and, in the case of radiological measurements, removing the item to 
an area of low and stable background radiation / radioactivity.  As a 
consequence, ex situ laboratory analysis can generally achieve the lowest limits 
of detection and the highest accuracy.  Permanently installed instruments in 
waste management facilities can be optimised for measurement geometry and, 
if required, can be shielded to some extent from elevated ambient radiation 
levels in the facility. 

• In situ analysis without prior analysis will be undertaken on facilities, plant 
infrastructure, land etc. prior to excavation, demolition or decontamination.  
Measurement geometry cannot be optimised, which leads to greater 
uncertainties in calculated concentrations.  For radiological measurements, 
higher external radiation levels and the lack of significant shielding increases 
detection limits.   

• Achievable accuracy and limits of detection for ex situ analysis without prior 
sampling tend to be intermediate between ex situ laboratory analysis and in 
situ analysis.  Waste geometry can be standardised, though often not 
optimised.  In the case of radiological measurements, instruments can be 
located in areas of lower external radiation levels and substantial shielding can 
be installed. 

Speed of measurement 

• The quickest measurements are generally achieved by in situ analysis and by ex 
situ analysis without prior sampling.  Collection of a sample from the material 
or waste substantially increases the overall turnaround time for ex situ 
laboratory analysis; the instrument measurement time will be only a small 
proportion of the total time. 

• For any assay, a longer measurement time is generally required to achieve a 
lower limit of detection or an increased level of accuracy (see subsection 10.4). 
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• The other aspect to consider in assay throughput is the volume of material 
measured.  For in situ and ex situ on-site assay involving gamma radiation, 
several hundred kilogrammes of material can be measured in a single instance.  
In contrast, samples for ex situ laboratory assay tend to be kilogramme-sized 
or smaller.  The self-shielding properties of the material or waste will 
determine the volume that can be interrogated by non-destructive assay.   

Operator experience and skill  

• Systems with an active interrogation process such as segmented gamma or 
tomographic gamma scanners and active neutron counters place a high 
burden on the operators in terms of maintenance and calibration 
requirements.  Thus, the number of SQEP to apply some analytical techniques 
will be limited, and additional training may be required.   

Budget available for the assay 

The available budget will have a strong influence on the choice of non-destructive 
assay systems available for deployment on the project.  However, it should not be 
overlooked that simple measurements, such as those made routinely by health 
physics teams, may be a useful input into waste characterisation.  If used with care 
(and considering uncertainties) and appropriately set up and calibrated, hand-
held heath physics probes can be used for quantification purposes.  However, the 
measurement of some waste streams will require more sophisticated techniques, 
especially if measurement of mixed waste or actinide content is required. 

It is desirable to keep the non-destructive assay process as simple as possible.  The 
required complexity of the selected assay technique will be highly dependent upon 
the amount of information available for, and heterogeneity of, the waste or material 
being characterised.  In situations where the waste or material composition is well 
understood, characteristics are uniform and radiation emissions are easy to detect 
externally, then the non-destructive assay approach should be relatively simple to 
perform and can yield results with high accuracy and low uncertainty.  As information 
becomes more limited, or if the waste or material is strongly heterogeneous, then the 
assay method may need to be more sophisticated and complex, and require a more 
experienced and skilled operator to correctly interpret the assay data. 

9.4 Measurement techniques 

This section describes radiometric, chemical and physical techniques that are 
currently being used for the non-destructive assay of solid radioactive waste.  
Table 9-1 provides a brief outline of each measurement technique.  The table 
provides the following information for each technique. 

• A brief description of the technique. 
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• Whether it is an ‘active’ technique (uses a radioactive source or laser to 
‘illuminate’ the item being measured) or a ‘passive’ technique (detects 
spontaneous emissions from the item). 

• The advantages / disadvantages of the technique, including a view on: 

− complexity; 

− indicative cost; 

− ease of deployment; and 

− training levels required to implement technique. 

• Performance guidance, including a discussion of detection limits and levels of 
uncertainty recognising these are highly application-specific. 

• The potential applications of the techniques – including innovative 
deployment. 

• Pitfalls associated with the using the technique. 

Table 9-2 presents a RAG (Red, Amber, Green) analysis of each technique that shows 
the applicability of the technique for each of the following: facility characterisation, 
development of optimum waste processing solutions and waste sentencing. 

Table 9-1 and Table 9-2 are based on user experience to date.  The information 
presented in these tables should be considered as general principles and application 
currently available to the user and are not intended to propose a particular method 
or technique. 

9.4.1 Techniques to measure radioactivity and radionuclides 

Non-destructive radiological assay is the observation of either spontaneous or 
induced radioactive emissions.  These emissions are analysed and interpreted to 
quantify either gross radioactivity or the amount of one or more radionuclides of 
interest present within the material, item or waste being examined.   

Radionuclides that have gamma and neutron emissions are relatively straightforward 
to detect, as these emissions are strongly penetrating in air and travel the order of a 
metre or more in soil or water.  Beta particles penetrate up to ~10m in air, but are 
stopped by a few centimetres of soil or water.  Hence, it is only possible to detect 
beta-emitting radionuclides near the surface of items.  (An exception to this 
generality is the possibility of the measurement of the bremsstrahlung spectra for 
assay of beta emitters).  Lastly, alpha particles penetrate only a few centimetres of air, 
and are effectively stopped by films (< 0.5 mm) of soil or water.  It is not practicable 
to detect alpha activity in damp materials such as soil, or in water.   

The non-destructive measurement of low energy photons, beta and alpha emitters is 
therefore difficult, if not impossible, inside bulk items or if the waste has been 
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packaged prior to measurement.  Self-shielding by the item or packaging will prevent 
emissions from penetrating the resulting waste matrix to enable detection outside 
the item or package.  This problem may be partly or largely removed by 
characterising 'difficult to measure' radionuclides (alpha, beta and low energy photon 
emitters) before the items are placed into waste packages. 

Non-homogeneous distribution of radioactivity or materials increases the overall 
uncertainty in the measurement.  Some techniques are less sensitive to non-
homogeneity effects than others e.g. calorimetry is less prone to matrix effects.  
Further information on heterogeneity is presented in subsection 9.7. 

The following methods can be used to determine the radiological characteristics of a 
waste or a material. 

• Health physics instrumentation.  Conventional health physics instrumentation 
is used to detect low energy gamma photons, beta particles and alpha 
particles at or near the surfaces of materials and waste.  Such radiations have 
very limited range in solid materials (see above).  These instruments are 
therefore appropriate for characterising surface-contaminated items.  Other 
types of health physics instrumentation can be used to determine the gamma 
dose rate at a given ‘point’ in space. This can be useful in isolation or with 
other data points to infer activity quantities and distributions of radioactivity 
from items and infrastructure. 

• Gamma.  Gamma techniques measure the photon emissions emitted by 
radionuclides.  Gross gamma techniques determine total gamma dose rate.  
Gamma spectrometry is a common technique used for waste characterisation 
and a range of gamma spectroscopy techniques, from low resolution to high 
resolution, is available to provide more detailed information on individual 
radionuclides.  Certain radionuclide mixes may have gamma energy peaks 
very close together such that it is difficult to distinguish between them.  
Guidance on this aspect is provided in subsection 10.4.6. 

• Gamma imaging.  This uses devices that allow gamma emissions to be 
displayed on an optical image of the area to show the location of sources of 
gamma emissions, usually as a false colour overlay.  Typically, gamma imaging 
has been used for facility characterisation including in-cell measurements for 
plant such as vessels and pipework for the identification of hot spots to 
inform decisions on decommissioning planning, waste characterisation and 
waste categorisation.  Data can also be used for Health Physics planning to 
ensure that workers doses are ALARP. 

• Neutron.  Most neutron methods use the capture of neutrons emitted via 
(α, n), (n, 2n), spontaneous fission (SF) or induced fission, and are principally 
used to identify and quantify the presence of fissile or fertile isotopes.  Some 
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newer gas detectors use inelastic scattering (and the subsequent light emitted 
by the gas) to create the electrical impulse/signal. 

• Other radioactivity measurements.  Calorimetry may be suitable for items 
containing alpha emitters (such as plutonium or americium) or beta emitters 
(typically tritium).  This technique measures the specific heat generated by the 
decay of radioactive isotopes within the item.  The heat-measurement result is 
independent of material and matrix type and therefore it can be used on any 
material form or item matrix.   

9.4.2 Chemical characteristics 

Most techniques to determine chemical characteristics are applied to samples 
collected from the waste or material.  These techniques are discussed in Chapter 10.4.  
However, several non-destructive assay techniques for chemical characterisation have 
been developed and deployed in the field.  Examples are given below. 

• Laser Induced Breakdown Spectroscopy (LIBS).  Use of a high-energy laser to 
induce characteristic light emission to identify elemental constituents. 

• Laser ablation mass spectroscopy.  Use of a high-energy laser to vaporise 
surface material which is then collected for analysis in a laboratory or analysed 
in situ. 

• Raman spectroscopy.  Measurement of light scattered from a tuneable laser to 
yield information on the molecular structure of the irradiated material. 

• Portable x-ray fluorescence.  Measurement of the x-rays emitted from the 
surface of an item irradiated with x-rays to give information on the elemental 
composition of the material. 

LIBs and laser ablation mass spectroscopy are strictly both ‘destructive’ techniques in 
that minute quantities of the material are vaporised by the laser – although this loss 
of material will rarely if ever be noticed.  From practical considerations, this GPG 
categorises both techniques as ‘non-destructive’. 

9.4.3 Physical characteristics 

A number of non-destructive assay techniques for physical characterisation have 
been developed and deployed in the field.  These are described in Table 9-1, where 
they are grouped as follows. 

Non-destructive physical characterisation for in situ characterisation of sludges: 

• Measurement of yield stress using cone or vane penetrometer to indicate the 
mobility of the sludge to aid the design of transfer systems. 
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• Measurement of settling rates to indicate the particle size and shape to aid the 
design of transfer systems. 

• SONAR.  Ultrasonics can be used to estimate sludge volumes and where 
stratification has occurred. 

Non-destructive physical characterisation for other purposes: 

• Pressure, level, flow and temperature measurement can be used for a range of 
purposes.  For example, to control the addition of conditioning materials to 
waste or to indicate if heat / gas generation is occurring in the waste (pressure 
measurement will require a closed system).  These measurements can be 
undertaken as part of facility characterisation or as a part of inspection of 
packaged waste. 

• Mass sensors.  Measurement of container weight will be needed to ensure that 
the container is within the operational limit for a waste consignment. 

• Visual inspection.  Visual inspection is particularly important for providing 
information on the physical and chemical properties of waste.  Box 3-3 listed 
‘physical and chemical properties’ WAC for the LLWR.  Visual inspection of 
waste prior to packaging would be appropriate to determine: 

− the presence of putrescible waste23; 

− the presence of pressurised gas receptacles and aerosols, as defined within 
CDG09.  De-pressurised containers are acceptable for disposal at the LLWR; 

− the presence of free liquid or liquids, which could then be analysed to 
determine if they have flashpoint less than 21°C; 

− the presence of reactive metals.  If present, the surface area of reactive 
metal accessible by grout should be limited.  See [46] for information; 

− the quantity of putrescible materials within a waste consignment; it must 
not exceed 1% of the internal volume of the disposal container; 

− the presence of asbestos and manufactured products containing asbestos, 
which for disposal at LLWR must not exceed the quantities set out in Table 
2.1 of the WAC [46]. 

Visual inspection can also be used to confirm that waste packing in the 
container has been done so as to minimise the total potential voidage in each 
waste consignment and ensure it does not exceed the value in the relevant 
WAC unless approved in advance. 

 
23  US EPA define types of solid putrescible waste. Of potential relevance to solid 

radioactive waste are: animal waste and grit or screenings from sewage treatment 
systems that have been dewatered 
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• Laser scanning and video scanning.  Such techniques can be used in 
combination with other techniques such as gamma imaging to provide 
information on the likely disposition of waste items.  Such information can 
inform decommissioning and waste management plans and keep worker 
doses ALARP. 

• X-ray detectors.  X-ray detectors can be used to image the internal parts of the 
waste or to visualise unconditioned waste items in drums (see Figure 6-1).  
Such analysis could be used to identify non-compliant items or materials in the 
waste. 
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Table 9-1 Non-destructive assay techniques and a commentary on their performance 

Technique Active Passive Description Advantages / Disadvantages Performance guidance Considerations and Limitations Applications 

Health Physics Instrumentation 

Hand-held alpha 
and beta 
contamination 
probes 

    Health physics probes, 
typically scintillation- or GM-
based detectors for the 
detection of alpha and beta 
emissions from contaminated 
surfaces. 

Complexity Simple hand-held detector and ratemeter combination. LoD: instrument, background and 
contaminant specific. 
Very fast process.  Potentially can be 
used in conjunction with scaling 
factors. 
Energy dependent response. 
For DP6, typical alpha response: 
18 cps per Bq/cm2. 
Typical beta response (Sr-90 / Y-90): 
20 cps per Bq/cm2. 
Uncertainties:  
• Large, dependant on the 

condition of the surface being 
monitored.   

• Detection of alpha / beta from a 
surface is limited by overlaying 
absorbers e.g. oils, paint, rust. 

Sensitivity to gamma fields and 
interfering radiations.   
Cross talk for dual probes. 
Measurement in electromagnetic 
field for photomultiplier-based 
instruments.  Some protection 
provided by mu-metal casing of 
photomultiplier tubes. 
Undiscovered light leaks / foil 
punctures / cable breaks can cause 
incorrect readings. 
The use of mismatched probe and 
ratemeter may also result in 
incorrect readings. 

Monitoring of surface 
contaminated objects. 

Equipment 
cost 

Of order £1,000. 

Ease of 
deployment 

Standard instrument used by Health Physics staff. 

Training levels 
required to 
implement 
technique 

Basic understanding of measurement process and suitability 
of instrument.  Use of instrument regarding speed and 
distance of measurement from contaminated surface.  
Understanding of contribution from interfering radiations 
(gamma response). 

Gamma methods 

Gross gamma 
dose rate 

    Health physics probes, 
typically scintillation- or GM-
based detectors for the 
measurement of gross gamma 
dose rate. 

Complexity Simple hand-held detector and ratemeter combination in a 
single unit. 

LoD: instrument, background and 
contaminant specific. 
For monitoring of a 200 L drum 
filled with materials with a density of 
1 g cm-3 and a net contact dose rate 
of 1 µSv/h derived activity is of the 
order of typically a few MBq. 
Very fast process.  These types of 
probes are good for multiple, quick, 
measurements.  Potentially can be 
used in conjunction with scaling 
factors. 

Sensitive to gamma background. 
Energy-dependant response can be 
compensated for by appropriate 
design. 
Can be collimated.  Sometimes this 
is beneficial for directional dose 
assessments. 
Waste packages to be filled to a 
consistent density and depth.  
Potential variation in detector polar 
response requires consistent probe 
positioning. 
No energy information.  Cannot 
determine individual radionuclide 
content. 
No background discrimination. 
The conversion of dose to activity 
content is very dependent on the 
fingerprint. 
Not appropriate for waste streams 
varying in isotopic fingerprint or 
filling of waste packages. 

Monitoring of standard 
containers, uniformly filled with a 
non-varying gamma emitting 
content. 
Can also be used for monitoring 
of SCO Area survey monitoring. 

Equipment 
cost 

Of order £1,000. 

Ease of 
deployment 

Standard instrument used by Health Physics staff. 

Training levels 
required to 
implement 
technique 

Basic understanding of measurement process and suitability 
of instrument.  Use of instrument regarding speed and 
distance of measurement from contaminated surface or from 
packaged material. 

Gross gamma 
counting 
systems 

    Plastic scintillator-based 
detectors in a box surrounding 
the item to be monitored. 

Complexity Will require calibration to obtain Bq/g value. 
Weighting scales and shielding may be included. 
Relatively straightforward to operate: OK / Not OK local 
signal. 

Very fast process.  Potentially can be 
used in conjunction with scaling 
factors. 

No energy information available. 
Cannot determine individual 
radionuclide content.   
Fixed fingerprint required. 

Smaller versions usually applied 
for checking for presence of 
gamma emitters at controlled 
area boundaries. 
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Technique Active Passive Description Advantages / Disadvantages Performance guidance Considerations and Limitations Applications 

Equipment 
cost 

Of order £10,000. Can use large scintillation detectors 
in near 4 π geometry. 
Increased sensitivity. 
Minimum Detectable Activity (MDA) 
of the order of 100 Bq. 
As with other techniques, MDA will 
be dependent on the instrument 
response characteristics and nature 
of the object being monitored. 

Sensitive to varying background. Larger models incorporating 
weighting scales for monitoring 
of standard waste packages. 

Ease of 
deployment 

Straightforward installation location is dependent on 
application but typically next to exit monitors. 
Requires electrical services and possibly communication with 
a remote office. 

Training levels 
required to 
implement 
technique 

Straightforward to use. 
More complex demand when setting to work. 

Low resolution 
gamma 
spectroscopy 

    Typically, Sodium Iodide 
(NaI(Tl)) scintillator optically 
coupled to a photomultiplier in 
a metal casing.  Requires High 
Voltage (HV), Analogue to 
Digital Converter (ADC) and 
Multichannel Analyser (MCA) 
electronics and software.   
These functions are commonly 
incorporated into a simple 
“plug and play” unit.   
Other scintillating materials 
available, e.g. Bismuth 
Germanate (BGO), Caesium 
Iodide (CsI). 

Complexity More complex but relatively straightforward to use. 
“Point and shoot “capability.   
Data logging capability. 
Requires HV, ADC and MCA electronics and software.  Now 
available as a single “plug and play” unit. 

LoD: instrument, background, 
source and contaminant specific. 
Uncertainties:  
• Variation in proportion of 

gamma emitters in a waste 
stream can be detected and 
accounted for. 

• Energy resolution ~7% at 
661 keV for NaI. 

• An efficiency calibration should 
be performed for each geometry. 

• If properly calibrated, can correct 
for variation in density of waste 
package content. 

• Large crystal volumes available 
with large detectors can be very 
sensitive, much more than dose 
rate measurement. 

• Specially shaped crystals can be 
manufactured. 

Available in a range of crystal sizes 
from ~1.5 cm3 to ~4000 cm3. This 
means the detectors are good for 
non-man access surveys that need 
to fit through small apertures, or 
for assaying wide areas due to the 
high absolute detection efficiency 
of a large crystal. 
Limited resolution limits technique 
to simple spectra. 
Spectrum quality can be quite 
dependent on the total spectrum 
count rate.  This may manifest in 
various ways such as peak shifting 
and shape changing.  Hence, 
complex spectra may be incorrectly 
interpreted. 
Crystals and photomultiplier tubes 
are fragile. 
Susceptible to electrical noise, 
magnetic fields and thermal drift. 

Assay of gamma-emitting waste 
streams and packages. 

Equipment 
cost 

Of order £10,000.  This is applicable to individual detectors 
but complex NaI systems can cost substantially more 

Ease of 
deployment 

Straightforward deployment. 
No cooling requirement. 
Low maintenance. 
Hand held battery powered models available. 
Automated spectral analysis against stored data libraries. 
Can store spectra for later analysis. 

Training levels 
required to 
implement 
technique 

Operator training more complex as training on setting up 
and analysis of spectra required. 

Intermediate 
resolution 
gamma 
spectroscopy 

    Cadmium Zinc Telluride (CZT) 
semiconductor detector 
coupled with HV, ADC and 
MCA electronics and software. 

Complexity Similar to low resolution gamma spectroscopy.  Detector, HV 
ADC and MCA electronics available in a single unit.   

LoD: instrument, background, 
source and contaminant specific. 
Uncertainties: 
• Energy resolution ~2% at 

661 keV.   
• Variation in proportion of 

gamma emitters in a waste 
stream can detected and 
accounted for. 

• An efficiency calibration should 
be performed for each geometry. 

Small crystal size (maximum 
~1 cm3) limits response to higher 
energy photons. 
Small crystal size requires higher 
photon flux to obtain a good 
spectrum in a reasonable time. 

Assay of gamma-emitting waste 
streams and packages. 

Equipment 
cost 

Of order £10,000. 

Ease of 
deployment 

Straightforward deployment. 
No cooling requirement. 
Low maintenance. 
Hand-held battery powered models available. 
Automated spectral analysis against stored data libraries. 
Can store spectra for later analysis.   



 
 

Solid Waste Characterisation Good Practice Guide 
Page 140 

 

Technique Active Passive Description Advantages / Disadvantages Performance guidance Considerations and Limitations Applications 

Training levels 
required to 
implement 
technique 

Operator training more complex as training on setting up 
and analysis of spectra required. 

• If properly calibrated can correct 
for variation in density of waste 
package content. 

• Can be used in higher dose rate 
environments subject to crystal 
size. 

• Small size of unit makes the 
equipment more amenable to 
specialist monitoring e.g. 
mounting on ROV, underwater 
submersibles and airborne 
drones. 

High resolution 
gamma 
spectroscopy 

    High Purity Germanium (HPGe) 
semiconductor detector 
coupled with HV, ADC and 
MCA electronics and software. 

Complexity Complex demand for operation and analysis of spectra. 
Higher energy resolution enables the acquisition and analysis 
of more complex spectra.  Detector, HV ADC and MCA 
electronics available in a single unit.   
Requires cooling (Liquid nitrogen or electrical cooling 
available). 

LoD: instrument, background, 
source and contaminant specific. 
Uncertainties: 
• Energy resolution ~0.2% at 

661 keV. 
• Complex spectra with multiline 

emission can be analysed. 
• An efficiency calibration should 

be performed for each geometry.  
Can generate efficiency 
calibration using mathematical 
methods.  Off the shelf energy 
calibration software available. 

• If properly calibrated can correct 
for variation in density of waste 
package content. 

Cost. 
Requires an experienced operator 
for non-routine use and 
interpretation of acquired spectra.   
Requires detailed instructions for 
the operation of the High 
Resolution Gamma Spectrometer 
and for use of software.  
Maintenance burden. 
Complex spectra are open to 
misinterpretation.   
Cryogenic cooling requirement. 
Sensitivity vs.  deadtime issues. 

Assay of gamma-emitting waste 
streams and packages.   
Range of crystal volumes and 
shapes (cylindrical, planar, well 
type) available. 
Installed systems can be set up 
for automated gamma assay of 
standard waste items, e.g. 200 L 
drums. 

Equipment 
cost 

Of order £50,000 to £250,000. 

Ease of 
deployment 

Installed systems or Portable Hand-held Battery powered 
models available. 
Automated spectral analysis against stored data libraries. 
Complex peak search and deconvolution for analysis of 
acquired spectra. 
Efficiency curves required for each measurement geometry.   

Training levels 
required to 
implement 
technique 

Operator training complex as training on setting up, function 
checking and maintenance. 
Analysis of complex spectra requires an experienced 
operator. 

High resolution 
gamma 
spectroscopy 
segmented or 
tomographic 
gamma scanners 

    HPGe solid state detector 
coupled with HV, ADC and 
MCA electronics and software, 
radioactive sources for 
transmission measurements 
and mechanical interface with 
drum rotation. 

Complexity Highly complex. 
Detector system linked with collimated source and drum 
rotation and / or detector deployment. 

Used to correct for heterogeneity by 
taking measurements over a 
number of positions.   
Use of a transmission source to 
correct for density. 
Systems require extensive 
calibration, setup and 
commissioning effort. 

Cost. 
Complexity. 
Maintenance burden. 
Complex spectra are open to 
misinterpretation.   
Reliability of mechanical interfaces.   
The design of these systems need 
to take into account source 
management, operator dose 
uptake and shielding issues. 

Installed systems set up for 
automated gamma assay of 
standard waste items, e.g. 200 L 
drums. 
Tomographic gamma scanning is 
potentially the most accurate 
technique as it corrects in three 
dimensions. 

Equipment 
cost 

Of order £500,000 -1,000,000. 

Ease of 
deployment 

Installed system.   

Training levels 
required to 
implement 
technique 

High degree of Operator training as training on setting up, 
function checking and maintenance. 
Analysis and interpretation of multiple complex spectra 
requires an experienced operator.   
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Gamma imager    The device combines an 
optical camera with a gamma 
detector to overlay radiation 
hotspots on top of an image 
to highlight the source of 
gamma emissions in the field 
of view, usually as a false 
colour overlay.  Three basic 
types of gamma imager are 
routinely used:  
• Scanning Collimator.  A 

highly collimated detector 
scans over the 
predetermined field of 
view and records the 
gamma response of the 
detector.   

• Coded Aperture.  A 
complex shaped mask of 
shielding material casts a 
(gamma) shadow in a 
position-sensitive 
detector.  The shape of 
the shadow can be used 
to determine the position 
of sources of activity. 

• Pinhole Camera.  A small 
aperture through a dense 
shielding material 
(typically tungsten) allows 
gamma rays to be 
projected onto a position 
sensitive detector array.  
The principle of operation 
is similar to an optical 
pinhole camera where an 
inverted image of a scene 
is projected onto a 
photographic film. 

Complexity Straightforward to use.   Require expert analysis for activity 
quantification assessments. 
Some devices can determine images 
at more than one energy 
simultaneously, e.g. Cs-137 and Co-
60. 

Cost. 
Scanning Collimator and Pinhole 
Camera types can be bulky / heavy 
due to use of a tungsten 
collimator. 
Can take significant time to survey 
an area, dependant on angular 
resolution and activity levels 
present. 
Coded Aperture types can be 
affected by background radiation, 
primarily radiation outside the field 
of view. 

Typically, gamma imaging has 
been used for scanning of active 
facilities, plant and in-cell 
measurements for the 
identification of hot spots to 
inform decisions on 
decommissioning planning, waste 
characterisation and waste 
categorisation.  Data can also be 
used for Health Physics ALARP 
planning. 

Equipment 
cost 

Of order £100,000 - £200,000. 

Ease of 
deployment 

Straightforward to set up. 
 

Training levels 
required to 
implement 
technique 

Understanding of scanning speeds, extent of scanning field 
and effect of angular resolution on final image desirable. 
Interpretation of image and quantification of activity content 
requires understanding of shielding.   

Neutron Methods 

Passive neutron 
coincidence 
counting 

    Detection of co-incident 
neutron emissions due to 
spontaneous fission. 

Complexity Neutron detection and electronic timing circuitry to 
determine amount of fertile even-numbered actinides. 

Most often used to assess 
plutonium content by direct 
measurement of Pu-240 and 
inferred Pu-239 content by prior 
knowledge of the isotopic ratio. 
No knowledge of chemical 
composition required if composition 

Significant moderation in the waste 
matrix prior to reaching a detector, 
e.g. larger packages or presence of 
neutron absorbers, may severely 
limit method. 
(α, n) reactions can interfere if not 
properly rejected by the timing 

Assay of even-numbered Pu 
isotopes in waste packages. 

Equipment 
cost 

Of order £1,000,000. 

Ease of 
deployment 

Installed system. 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 142 

 

Technique Active Passive Description Advantages / Disadvantages Performance guidance Considerations and Limitations Applications 

Training levels 
required to 
implement 
technique 

Modest burden of operator training.  Understanding of 
neutron transport and potential interference is required. 

of the standard is similar to the 
waste stream. 
MDA: mg Pu-240 equivalent. 

circuitry due to pile up of 
accidental coincidences.   
Potential interference from other 
spontaneous fission isotopes (e.g. 
Cf or Cm). 
Requires knowledge of isotopic 
composition. 
Requires knowledge of and 
correction for leakage 
multiplication. 
Sensitivity to changes in efficiency 
due to neutron absorbers / 
moderators or variation of the 
position of the plutonium within 
chamber if measurement chamber 
is not well designed. 

Active neutron 
coincidence 
counting  

    Use of an external neutron 
source to induce prompt 
fission in material under assay. 

Complexity Detection of prompt fission neutrons induced by an external 
random neutron source.   

Typically used for the assay of 
U-235 and Pu-239.   
Selection of lower energy neutron 
source can be used to minimise 
fissioning of U-238.   
Detection limits are typically at the 
gram level. 

Lumps of fissile material can cause 
underestimation of the true fissile 
mass, due to self-shielding as a 
result of the low penetrability of 
interrogating thermal neutrons. 
Accidental coincidence rates may 
be high from installed neutron 
sources.   
Difficulty in obtaining purely 
random neutron sources. 
Raised dose to operators from 
constantly exposed neutron 
sources if design does not take this 
risk into account. 

Typically used for the 
measurement of uranium product 
waste, or for the radiological 
characterisation of un-irradiated 
fuel elements or assemblies. 

Equipment 
cost 

Of order £1,500,000 – 2,000,000.   

Ease of 
deployment 

Installed system.   

Training levels 
required to 
implement 
technique 

Modest burden of operator training.  Understanding of 
neutron transport and potential interference is desirable. 

Active neutron 
interrogation 
(Cf shuffler) 

    An external Cf-252 neutron 
source is used to induce fission 
in the material under assay. 
Adjacent detectors measure 
the delayed neutron signal, 
with the response proportional 
to the amount of fissionable 
material present. 

Complexity Detection of delayed neutrons from the assay material 
following fission induced by repeated rapid introduction and 
withdrawal of external Cf-252 neutron source.   

Detection limits typically tens – 
hundreds of mg of fissile material. 
Used for measurement of Pu-239 
and U-235. 
Large interrogation flux permits 
good penetration of matrix and 
measurement of matrix properties. 
Can be designed to measure a wide 
variety and size of container types 
and waste forms. 

Potentially large matrix effects 
requiring a complex correction 
technique when applied to waste 
assay. 
Extensive calibration required, 
depending upon the application 
(usually requiring much longer 
measurement time than for a 
passive neutron system). 
Larger maintenance burden 
renewing the Cf-252 source. 

Direct measure of fissile isotopes, 
but incapable of directly 
discriminating between them. 
Useful for U-235 and Pu-239 
measurements (“total fissile”) in 
mixed streams. 
Widely used for measurements of 
“uranium–only” streams. 
 

Equipment 
cost 

Of order £2,000,000.   

Ease of 
deployment 

Installed system. 

Training levels 
required to 
implement 
technique 

Higher burden of operator training.  Understanding of 
neutron transport and potential interference is desirable. 

Active neutron 
interrogation  

    A pulsed electric neutron 
generator is used to induce, 

Complexity Very significant maintenance burden. Potentially extremely sensitive.   Only suitable for non-moderating 
materials. 

Direct measure of fissile isotopes 
(total fissile mass), the quantity of 
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(Differential die 
away (DDA))  

fission in the material under 
assay. In between these pulses, 
detectors measure the 
distinctive time profile of 
emitted prompt neutrons, 
which is compared to the 
background response of the 
system. The time profile can 
indicate which material may be 
present and the integration of 
neutron counts (background 
subtracted) is proportional to 
the fissile mass present. 

Equipment 
cost 

Of order £1,000,000 Only suitable for non-moderating 
materials. 
Neutron interrogation is typically 
performed using high intensity 
14 MeV neutrons from “D-T” pulsed 
neutron generators, but 2.5MeV 
neutrons from “D-D” generators can 
also be used.   
The lower LoD is inversely 
proportional to the interrogating 
neutron flux.   
DDA is also well-suited to high 
background assay applications (e.g. 
irradiated fuel with high curium 
content) that demand a high signal-
to-background ratio. 
Milligram quantities of Pu-239 or 
U-235. 

Very high maintenance burden. 
Potentially large matrix and lump 
absorption effects requiring a 
complex correction technique 
when applied to waste assay. 
Considerable initial characterisation 
using known masses of fissile 
material is required to understand 
the response of the system. 

most interest for nuclear criticality 
safety measurements. 
Useful for U-235 and Pu-239 
measurements (“total fissile”) in 
mixed streams. 

Ease of 
deployment 

Installed system. 

Training levels 
required to 
implement 
technique 

Higher burden of operator training.  Understanding of 
neutron transport and potential interference is desirable. 

Calorimetry 

Calorimetry      The measurement of heat 
generated by certain 
radioactive decay processes is 
used to quantify the amount of 
radioactivity 

Complexity Relative simple technique (single chamber calorimeter). Calorimetry is potentially the most 
accurate non-destructive assay 
technique.  The sample’s thermal 
power can be related directly to 
fundamental physical quantities (i.e. 
voltage and current) and is immune 
to the matrix effects that affect 
neutron and gamma-ray techniques. 

Length of time necessary to 
achieve thermal equilibrium in the 
sample measurement chamber. 
Less portable than other NDA 
techniques. 
Not yet practically proven for 
routine bulk waste assay. 
Potential for interference from heat 
from chemical reaction. 

Pu and H-3 have high enough 
specific activities to generate 
sufficient heat for most practical 
measurement purposes. 

Equipment 
cost 

Of order £100,000. 

Ease of 
deployment 

Installed system. 

Training levels 
required to 
implement 
technique 

Low operator training requirement. 

Chemical Methods 

LIBS   An energetic laser excites the 
surface and the resulting light 
emitted is analysed to identify 
elemental constituents  

Complexity Relatively straightforward method deployed in the field in 
non-nuclear sectors. 

Potentially deployable for remote 
operation. 
Use of optical fibres to access 
difficult to reach locations. 
Narrow focus of laser requires 
rasterisation of area to be analysed. 
Technique may not detect some 
low-Z elements.   

Only measures the surface. 
Quantitative analysis difficult. 
Not strictly non-destructive 
analysis as a small amount of 
material is removed by the 
excitation process. 
Narrow focus of laser may result in 
inadequate sampling and 
misleading results for non-
homogeneous materials, e.g. 
concrete, mixed waste. 

Identification of the elemental 
composition of unknown waste.   

Equipment 
cost 

Of order £100,000. 

Ease of 
deployment 

Straightforward.  May be issues associated with the use of 
high powered lasers.   
Hand-held variants commercially available.   

Training levels 
required to 
implement 
technique 

Straightforward. 
Laser safety issues to address. 

  Use of a high-power laser to 
ablate the surface under 

Complexity Relatively new technique systems have been developed to be 
deployed in the field. 

Potentially deployable for remote 
operation. 

Only measures the surface. Identification of the elemental 
composition of unknown waste.   
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Laser ablation 
mass 
spectroscopy  

examination.  The ablated 
material can then be collected 
for subsequent laboratory 
analysis or analysed in situ by 
injection into an Inductively 
Coupled Plasma Mass 
Spectrometry. 

Equipment 
cost 

Of order £100,000. Use of optical fibres to access 
difficult to reach locations. 
Can produce samples for 
subsequent analysis in situ by mass 
spectrometry. 

Quantitative analysis difficult. 
Not strictly non-destructive 
analysis as a small amount of 
material is removed by the 
excitation process. 

Ease of 
deployment 

In development. 

Training levels 
required to 
implement 
technique 

In development. 

Portable X-ray 
Fluorescence 
(XRF) 

  Irradiation of surface to be 
analysed by x-rays to induce 
characteristic fluorescence x-
rays emissions 

Complexity Straightforward.  Hand-held XRF in common use in the 
metals and recycling industries. 

Potentially deployable for remote 
operation. 
Principal use is for qualitative assay. 
Can be calibrated for quantitative 
assay. 
Potentially mountable on ROVs. 

Use of ionising radiation (x-rays). 
May suffer from matrix effects, 
limiting the detection of trace 
constituents. 

Identification of the elemental 
composition of material. 
Rapid determination between 
metal types and alloys. 

Equipment 
cost 

Of order £20,000. 

Ease of 
deployment 

Straightforward. 

Training levels 
required to 
implement 
technique 

Straightforward.  Users to be trained in radiation safety. 

Raman 
spectroscopy 

  Irradiation of the item (solid 
liquid or gas) by an 
appropriately tuned laser 
interacts with molecular 
vibrations, phonons or other 
excitations in the system, 
yielding information on the 
characterisation of the 
molecular / chemical nature of 
the material. 

Complexity Can be used to interrogate items at a distance. 
Portable devices available. 

Potentially deployable for remote 
operation. 
Use of fibre optic cable can permit 
remote operation of probe from 
laser source. 
Principal use is for qualitative assay. 

Heating by absorption of laser may 
alter condition of sample being 
analysed. 

Identification of chemical 
composition of materials under 
test. 

Equipment 
cost 

Of order £20,000. 

Ease of 
deployment 

Straightforward. 
Portable devices available. 

Training levels 
required to 
implement 
technique 

Straightforward. 
Laser safety issues to address. 

Physical Methods 

Sludge yield 
strength 

  Pushing of an instrumented tip 
down into the sludge at a 
controlled rate (cone 
penetrometer) or rotation of a 
vane. 
Measurement of the torque or 
resistance on the tip using a 
load cell and can be equated 
to shear strength. 

Complexity Simple hand-held tools through to complex remote 
installations including hydraulic driven systems.   

Measurement of yield strength of 
sludges by deployment of vane or 
cone penetrometer.   
Should be able to measure over 
depth of sludge. 
Need to consider accessibility and 
distance from point of access (hatch 
/ flange) to bottom of sludge. 

Reproducibility questionable. 
Decontamination of retrieved 
equipment. 
Interpretation.   
May be significant apparent 
variation across tank / pond area.   
Requires access to sludge which 
may preclude manual methods due 
to chemical and radiation hazards. 
Vane penetrometer measurements 
disturbs sludge so continuous 
measurement through depth of 
sludge may not be possible and 
may require ROV deployment. 

Provides information on the 
mobility of sludges.  Input in the 
design of sludge transfer systems. 

Equipment 
cost 

Of order £20,000. 

Ease of 
deployment 

Very dependent on accessibility and hazard presented by 
tank / pond contents. 

Training levels 
required to 
implement 
technique 

Straightforward for manual techniques. 
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Sludge rheology   Principally a laboratory based 
method of measuring fluid 
flow properties. 
Portable and online viscometer 
systems commercially 
available.   

Complexity Simple hand-held tools through to complex remote 
installations including hydraulic driven systems. 

Online systems implemented in the 
waste water industry for low 
viscosity fluids. 

Calibration for absolute values may 
be difficult. 

Provides information on the flow 
characteristics of sludges.  Input 
in the design of sludge transfer 
systems. Equipment 

cost 
Of order £10,000. 

Ease of 
deployment 

Very dependent on accessibility and hazard presented by 
tank / pond contents. 

Training levels 
required to 
implement 
technique 

Training required to interpret results. 

Particle size 
distribution 

  Measurement of scattered 
light of sample illuminated by 
laser.   

Complexity Standard industrial technique. Typical measurement range 0.1 µm 
to 1000 µm. 
On-line systems commercially 
available. 

Calibration. 
Sampling in stratified system. 
Ambient light. 

Real time measurement of 
particle size. 
Characterisation of waste stream 
for sludge / fluid transfer 
engineering design purposes. 

Equipment 
cost 

Of order £10,000. 

Ease of 
deployment 

Straightforward but will be dependent on accessibility and 
hazard presented by tank / pond contents. 

Training levels 
required to 
implement 
technique 

Standard method, no special training required. 

Particle shape   Currently a laboratory method 
for the off line the analysis of 
samples. 

Complexity Particle imaging with cameras and software for analysis of 
images. 

Typical measurement range <1 µm 
to >1000 µm dependant on optical 
system. 
Can be used for measurement of 
dry powders, particles in suspension 
or on filters. 

On line / in situ systems limited to 
dry powders. 
Analytical software may be easy to 
use but can be computationally 
expensive and subject to errors, 
e.g. not identifying overlapping 
particles. 
Can be sensitive to image 
resolution. 

Analysis of particle shape in 
samples. 

Equipment 
cost 

Of order £10,000. 

Ease of 
deployment 

Straightforward. 

Training levels 
required to 
implement 
technique 

Commercial systems stated to be easy to use.   

Sonar, including 
ultrasound 

  Ultrasonic sensors are 
commonly used for tank level 
measurement and control. 

Complexity Straightforward. Typical Resolution of 2 mm. 
Typical Accuracy 0.25% of total 
measurement range. 

Subject to interferences or spurious 
echoes if installed in high tank 
depths. 
Ability to detect interface of sub 
surface sludge layers is limited 

Measurement of liquid depth in 
tanks (and hence volume). 

Equipment 
cost 

Of order £1,000. 

Ease of 
deployment 

Standard industrial method. 

Training levels 
required to 
implement 
technique 

Standard method, no special training required. 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 146 

 

Technique Active Passive Description Advantages / Disadvantages Performance guidance Considerations and Limitations Applications 

Temperature   Measurement of temperature 
of objects (tanks, pipes, 
packages and waste items). 

Complexity Simple commercially available equipment.   Use of Infra-Red device enables the 
remote measurement of 
temperature.   
Use of in built laser to assist 
targeting. 
A larger distance to spot size ratio is 
desirable for a narrower field of 
view.   

A wide field of view may cause 
misleading temperature reading. 
Maximum useable distance ~10 m 
(dependant on size of object and 
distance to spot size ratio). 
Covering of measured object may 
cause misleading readings. 

Temperature measurement to 
distinguish physically hot vessels, 
process lines or items. 
Indicator of on-going chemical 
reactions in items.   
Indication that package contents 
is not stable. 

Equipment 
cost 

Of order £500. 

Ease of 
deployment 

Straight forward. 

Training levels 
required to 
implement 
technique 

None. 

Pressure   Measurement of the pressure 
of items.   

Complexity Simple commercially available pressure gauges.   Expect waste content to be 
stabilised and conditioned prior to 
storage in waste package.   
Pressure measurement of packaged 
waste can indicate unstable waste 
content. 

Requires penetration of any 
containment to enable 
measurement of internal pressure. 
Anticipation that pressure 
measurement is required. 
Requirement of installation of 
pressure valve prior to introduction 
of radioactive material. 
Storage in high dose rate area may 
prevent retrospective fitting of 
pressure connection. 

Indicator of on-going chemical 
reactions causing gas production 
in items.   
Indication that package contents 
is not stable. 

Equipment 
cost 

Of order <£1,000. 

Ease of 
deployment 

Straight forward. 

Training levels 
required to 
implement 
technique 

None. 

Laser scanning   Use of controlled steering of 
laser beams with a laser 
rangefinder to perform 
dimensionally accurate 
surveys. 
Hand held versions available. 

Complexity Common method commercially available. Typical resolution of point data of 
2 to 6 mm at 10 m depending on 
model. 
Weight up to 6 kg. 
Typical use of a Laser class 1 should 
not cause health and safety issues. 
May be used to show dimensional 
changes of packages. 

Mountable on a remote controlled 
arm. 
There is no need to be in physical 
contact with measured objects. 
3D representation of surveyed 
space may aid interpretation 
Initial cost is high. 
Processing of large data files 
requires high computing capability 
Software may be complex. 

Scanning to obtain dimensional 
survey information of the 
arrangement of waste vaults and 
contents.   
Scanning of area to obtain 
dimensional information on tanks, 
vessels, equipment and pipework 
to confirm design drawings prior 
to retrievals. 

Equipment 
cost 

Of order £10,000. 

Ease of 
deployment 

Simple to setup. 

Training levels 
required to 
implement 
technique 

2-day commercial training courses available. 

Visual inspection   Simple inspection of items 
either individual or in the 
presence of with other objects. 

Complexity Straightforward, for unaided viewing. May require installation of light 
sources to see items.   
Can distinguish features by colour 
and visible surface texture. 
Can only view surface features. 

Difficult to determine distance with 
unaided eye. 
Potential dose to eye may prevent 
direct viewing of item. 
May require installation of 
mechanisms to reduce dose to eye: 

Identification of individual items 
by shape, colour or texture. 
Visual inspection of packaged 
items.   
Visual inspection of sludge and 
resins. 
Staining may indicate leakage. 

Equipment 
cost 

No cost - but see Considerations and Limitations.   

Ease of 
deployment 

Simple - direct line of sight but see Considerations and 
Limitations. 
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Training levels 
required to 
implement 
technique 

Training required to aid interpretation of viewed image. Will require additional equipment to 
view at wavelengths outside the 
visible spectrum, e.g. infra-red.   
May require installation of 
mechanisms to reduce dose to eye: 
Lead glass windows, mirrors, 
periscopes.   
Viewing through coloured filters 
may improve contrast.   

Lead glass windows, mirrors, 
periscopes.   
Glare and reflections may obscure 
details 
Angular Resolution of the unaided 
eye (approximately 0.02° approx.  
1mm at 3m) limits the detail that 
can be seen.   
Direct line of sight may require  

Bulging of containers and drums 
may indicate on going reactions 
causing pressurisation. 

Video scanning   Use of video cameras to record 
images of scanned area. 

Complexity Common method commercially available. 
Combination of video camera or fiberscope and monitor to 
provide remote imaging capability.   

Resolution. 
Imaging possible in visible and non-
visible spectrum. 
Recording of image for record 
purposes. 
Stereoscopic imaging to aid 
quantification of size and shape. 
Use in combination with other types 
of instruments.   
Can be deployed and image 
otherwise unviewable areas via 
extending rods or ROVs. 
Can be used in relatively high dose 
rate areas that preclude human 
presence. 
Consider use of wireless camera if 
deployed in contaminated area. 

Radiation damage. 
Interpretation of image can be 
challenging especially if narrow 
viewing field. 
Umbilical between camera and 
monitor may become 
contaminated 
Light source required. 

Identification of individual items 
by shape, colour or texture. 
Visual inspection of packaged 
items. 

Equipment 
cost 

Of order £100 -£1,000’s 

Ease of 
deployment 

Simple straight forward use.   
Issues may arise with accessing location to be inspected. 

Training levels 
required to 
implement 
technique 

As per visual inspection. 
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Table 9-2 Applications of non-destructive assay techniques 
Assay 

Techniques 
(simple to 
complex) 

Characterisation Activities 

As part of ‘site characterisation’ or ‘facility characterisation’. To enable waste retrieval, treatment and packaging approaches to be 
developed and to ensure that waste packages can be safely transported, 

stored and disposed. 

As part of waste sentencing process. 

Characterisation objectives Characterisation objectives Characterisation objectives 

To support 
refurbishment 
of operational 

facilities. 

To enable 
development of a 
conceptual model 
of the facility or 

surrounding land 
and support 

development of 
the 

decommissioning 
strategy. 

To support 
development of 

the detailed 
decommissioning 
and remediation 

plans. 

To support safety 
analysis for in situ 

disposal (e.g. 
development of 

Site Wide 
Environmental 

Safety Case 
(SWESC)). 

Determination of 
material 

compositions to 
allow subsequent 
characterisation 
by calculation. 

To demonstrate 
compliance with 

the 
requirements of 
operators and 
developers of 

disposal 
facilities.  For the 

HAW 
disposability and 

LLW Waste 
Acceptance 
Procedure, 

characterisation 
supports 

analysis of the 
safety of 

disposing of the 
waste package. 

To build 
confidence in the 

choice of 
radionuclide 
fingerprint. 

To develop 
optimised 
retrieval, 

treatment and 
packaging 

approaches. 

Determination of 
background 

radioactivity in 
engineered (e.g. 
concrete, brick) 
and natural (e.g. 

soil, rock) 
materials. 

To enable 
classification / 

categorisation of 
operational 

waste. 

To enable 
classification / 

categorisation of 
waste produced 
during POCO. 

To enable 
classification / 

categorisation of 
decommissioning 
and remediation 
waste.  Relevant 
to both in situ 

and ex situ 
disposal 

approaches. 

HP Probe 
Alpha and beta 
contamination 

Suitable assay technique. 
Contamination surveys can aid in the understanding of activity distribution. 

Assay technique could be employed in particular circumstances  
Not a nuclide-specific technique but could be used, in conjunction with 
radionuclide scaling factors developed using radionuclide-specific 
characterisation techniques, to infer/estimate total activity or inventory in some 
circumstances 

Unsuitable assay 
technique. 
Not a nuclide 
specific 
technique. 

Suitable assay technique. 
Contamination surveys can aid in waste sentencing using 
scaling factors. 

Gross gamma 
dose rate 

Suitable assay technique. 
Dose rate surveys can aid in the understanding of activity distribution. 
Fast method. 
Large detectors can be very sensitive. 
Potential for vehicle mounted systems. 

Assay technique could be employed in particular circumstances  
Not a nuclide-specific technique but could be used, in conjunction with 
radionuclide scaling factors developed using radionuclide-specific 
characterisation techniques, to infer/estimate total activity or inventory in some 
circumstances 

Potential for 
sensitive 
detectors to 
determine 
background 
content. 

Suitable assay technique. 
Dose rate measurements can aid in waste sentencing using 
scaling factors. 

Gross gamma 
counting system 

Assay technique could be employed in particular circumstances. 
Bag monitors can support refurbishment of facilities by providing a 
monitoring route.   

Assay technique could be employed in particular circumstances  
Not a nuclide-specific technique but could be used, in conjunction with 
radionuclide scaling factors developed using radionuclide-specific 
characterisation techniques, to infer/estimate total activity or inventory in some 
circumstances 

Assay technique 
could be 
employed in 
particular 
circumstances. 
Potential for 
sensitive 
detectors to 
determine 
background 
content. 

Assay technique could be employed in particular 
circumstances. 
Can aid sentencing. 

Low resolution 
gamma 
spectroscopy 

Assay technique could be employed in particular circumstances. 
Can be used in survey mode for specific radionuclides but may not be able to 
resolve some radionuclide mixes. 

Assay technique could be employed in particular circumstances  
Not a nuclide-specific technique but could be used, in conjunction with 
radionuclide scaling factors developed using radionuclide-specific 
characterisation techniques, to infer/estimate total activity or inventory in some 
circumstances 

Suitable assay technique. 
For simple gamma spectra. 
Large detectors available. 
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Assay 
Techniques 
(simple to 
complex) 

Characterisation Activities 

As part of ‘site characterisation’ or ‘facility characterisation’. To enable waste retrieval, treatment and packaging approaches to be 
developed and to ensure that waste packages can be safely transported, 

stored and disposed. 

As part of waste sentencing process. 

Characterisation objectives Characterisation objectives Characterisation objectives 

To support 
refurbishment 
of operational 

facilities. 

To enable 
development of a 
conceptual model 
of the facility or 

surrounding land 
and support 

development of 
the 

decommissioning 
strategy. 

To support 
development of 

the detailed 
decommissioning 
and remediation 

plans. 

To support safety 
analysis for in situ 

disposal (e.g. 
development of 

Site Wide 
Environmental 

Safety Case 
(SWESC)). 

Determination of 
material 

compositions to 
allow subsequent 
characterisation 
by calculation. 

To demonstrate 
compliance with 

the 
requirements of 
operators and 
developers of 

disposal 
facilities.  For the 

HAW 
disposability and 

LLW Waste 
Acceptance 
Procedure, 

characterisation 
supports 

analysis of the 
safety of 

disposing of the 
waste package. 

To build 
confidence in the 

choice of 
radionuclide 
fingerprint. 

To develop 
optimised 
retrieval, 

treatment and 
packaging 

approaches. 

Determination of 
background 

radioactivity in 
engineered (e.g. 
concrete, brick) 
and natural (e.g. 

soil, rock) 
materials. 

To enable 
classification / 

categorisation of 
operational 

waste. 

To enable 
classification / 

categorisation of 
waste produced 
during POCO. 

To enable 
classification / 

categorisation of 
decommissioning 
and remediation 
waste.  Relevant 
to both in situ 

and ex situ 
disposal 

approaches. 

Intermediate 
gamma 
spectroscopy 

Suitable assay technique. 
Can be used in survey mode for specific radionuclides but may not be able to 
resolve some radionuclide mixes. 

Suitable assay technique. Suitable assay technique. 
For more complex spectra. 
Sensitivity limited by small detector volume. 

High resolution 
gamma 
spectroscopy 
 

Suitable assay technique. 
Portable equipment can be used in survey mode for specific radionuclides, 
can resolve complex spectra. 

Suitable assay technique. Suitable assay technique. 

Segmented or 
tomographic 
high resolution 
gamma 
spectroscopy 

Unsuitable assay technique. 
Not suitable for survey work. 

Assay technique could be employed in particular circumstances. Assay technique 
could be 
employed in 
particular 
circumstances. 

Suitable assay technique. 
For packaged waste.  Potentially the most accurate 
technique; it corrects in three dimensions. 

Total Neutron 
counting 

Assay technique could be employed in particular circumstances.  Neutron 
counting can be used to indicate whether neutron-emitting contamination is 
present in a facility, e.g. plutonium in gloveboxes. 

Assay technique could be employed in particular circumstances. Assay technique 
could be 
employed in 
particular 
circumstances. 

Suitable assay technique. 
For packaged waste, can be very sensitive. 

Passive neutron 
coincidence 
counting 
 

Unsuitable assay technique. 
Not suitable for survey work. 

Suitable assay technique. 
For packaged waste, can be very sensitive for radionuclides that decay by SF. 

Suitable assay technique. 
For packaged waste, can be very sensitive for radionuclides that decay by SF. 

Active neutron 
Counting 
 

Unsuitable assay technique. 
Not suitable for survey work. 

Suitable assay technique. 
For packaged waste containing U-235 or Pu-239. 

Suitable assay technique. 
For packaged waste containing U-235 or Pu-239. 

Cf shuffler Unsuitable assay technique. 
Not suitable for survey work. 

Suitable assay technique. 
For packaged waste containing U-235 or Pu-239. 

Suitable assay technique. 
For packaged waste containing U-235 or Pu-239. 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 150 

 

Assay 
Techniques 
(simple to 
complex) 

Characterisation Activities 

As part of ‘site characterisation’ or ‘facility characterisation’. To enable waste retrieval, treatment and packaging approaches to be 
developed and to ensure that waste packages can be safely transported, 

stored and disposed. 

As part of waste sentencing process. 

Characterisation objectives Characterisation objectives Characterisation objectives 

To support 
refurbishment 
of operational 

facilities. 

To enable 
development of a 
conceptual model 
of the facility or 

surrounding land 
and support 

development of 
the 

decommissioning 
strategy. 

To support 
development of 

the detailed 
decommissioning 
and remediation 

plans. 

To support safety 
analysis for in situ 

disposal (e.g. 
development of 

Site Wide 
Environmental 

Safety Case 
(SWESC)). 

Determination of 
material 

compositions to 
allow subsequent 
characterisation 
by calculation. 

To demonstrate 
compliance with 

the 
requirements of 
operators and 
developers of 

disposal 
facilities.  For the 

HAW 
disposability and 

LLW Waste 
Acceptance 
Procedure, 

characterisation 
supports 

analysis of the 
safety of 

disposing of the 
waste package. 

To build 
confidence in the 

choice of 
radionuclide 
fingerprint. 

To develop 
optimised 
retrieval, 

treatment and 
packaging 

approaches. 

Determination of 
background 

radioactivity in 
engineered (e.g. 
concrete, brick) 
and natural (e.g. 

soil, rock) 
materials. 

To enable 
classification / 

categorisation of 
operational 

waste. 

To enable 
classification / 

categorisation of 
waste produced 
during POCO. 

To enable 
classification / 

categorisation of 
decommissioning 
and remediation 
waste.  Relevant 
to both in situ 

and ex situ 
disposal 

approaches. 

DDA Unsuitable assay technique. 
Not suitable for survey work. 

Suitable assay technique. 
Determines the quantity of fissile material present.  Potentially extremely 
sensitive.  Only suitable for non-moderating materials. 

Suitable assay technique. 
Determines the quantity of fissile material present.  Potentially extremely 
sensitive.  Only suitable for non-moderating materials. 

Gamma imager Suitable assay technique. 
Gamma imager can aid in the understanding of activity distribution 

Unsuitable assay technique. Assay technique 
could be 
employed in 
particular 
circumstances. 

Unsuitable assay 
technique. 

Assay technique could be employed in 
particular circumstances. 

Unsuitable assay 
technique. 

Calorimetry Unsuitable assay technique. Unsuitable assay technique. Unsuitable assay 
technique. 

Assay technique could be employed in 
particular circumstances. 
Can be used to determine activity of 
otherwise difficult to measure 
isotopes, e.g. H-3, actinides. 

Unsuitable assay 
technique. 

LIBS Unsuitable 
assay 
technique. 

Assay technique could be employed in particular 
circumstances. 
Can aid in the identification of the element composition of 
waste. 

Suitable assay technique. Unsuitable assay 
technique. 

Suitable assay 
technique. 

Unsuitable assay 
technique. 

Suitable assay technique. 

laser ablation  Unsuitable 
assay 
technique. 

Assay technique could be employed in particular 
circumstances. 
Can aid in the identification of the element composition of 
waste. 

Suitable assay technique. Unsuitable assay 
technique. 

Suitable assay 
technique. 

Unsuitable assay 
technique. 

Suitable assay technique. 

Portable x-ray 
fluorescence 

Unsuitable 
assay 
technique. 

Assay technique could be employed in particular 
circumstances. 
Can aid in the identification of the element composition of 
waste. 

Suitable assay technique. Unsuitable assay 
technique. 

Suitable assay 
technique. 

Unsuitable assay 
technique. 

Suitable assay technique. 
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Assay 
Techniques 
(simple to 
complex) 

Characterisation Activities 

As part of ‘site characterisation’ or ‘facility characterisation’. To enable waste retrieval, treatment and packaging approaches to be 
developed and to ensure that waste packages can be safely transported, 

stored and disposed. 

As part of waste sentencing process. 

Characterisation objectives Characterisation objectives Characterisation objectives 

To support 
refurbishment 
of operational 

facilities. 

To enable 
development of a 
conceptual model 
of the facility or 

surrounding land 
and support 

development of 
the 

decommissioning 
strategy. 

To support 
development of 

the detailed 
decommissioning 
and remediation 

plans. 

To support safety 
analysis for in situ 

disposal (e.g. 
development of 

Site Wide 
Environmental 

Safety Case 
(SWESC)). 

Determination of 
material 

compositions to 
allow subsequent 
characterisation 
by calculation. 

To demonstrate 
compliance with 

the 
requirements of 
operators and 
developers of 

disposal 
facilities.  For the 

HAW 
disposability and 

LLW Waste 
Acceptance 
Procedure, 

characterisation 
supports 

analysis of the 
safety of 

disposing of the 
waste package. 

To build 
confidence in the 

choice of 
radionuclide 
fingerprint. 

To develop 
optimised 
retrieval, 

treatment and 
packaging 

approaches. 

Determination of 
background 

radioactivity in 
engineered (e.g. 
concrete, brick) 
and natural (e.g. 

soil, rock) 
materials. 

To enable 
classification / 

categorisation of 
operational 

waste. 

To enable 
classification / 

categorisation of 
waste produced 
during POCO. 

To enable 
classification / 

categorisation of 
decommissioning 
and remediation 
waste.  Relevant 
to both in situ 

and ex situ 
disposal 

approaches. 

IR spectroscopy Unsuitable 
assay 
technique. 

Assay technique could be employed in particular 
circumstances. 
Can aid in the identification of the element composition of 
waste. 

Suitable assay technique. Unsuitable assay 
technique. 

Suitable assay 
technique. 

Unsuitable assay 
technique. 

Suitable assay technique. 

Raman 
spectroscopy 

Unsuitable 
assay 
technique. 

Assay technique could be employed in particular 
circumstances. 
Can aid in the identification of the element composition of 
waste. 

Suitable assay technique. Unsuitable assay 
technique. 

Suitable assay 
technique. 

Unsuitable assay 
technique. 

Suitable assay technique. 

Sludge yield 
strength  

Suitable assay technique. 
Can be used to obtain information for the design of pumping/transfer of 
sludges/slurries. 

Unsuitable assay technique. Assay technique 
could be 
employed in 
particular 
circumstances. 

Unsuitable assay 
technique. 

Assay technique could be employed in particular 
circumstances. 

Sludge rheology Suitable assay technique. 
Can be used to obtain information for the design of pumping/transfer of 
sludges/slurries. 

Unsuitable assay technique. Assay technique 
could be 
employed in 
particular 
circumstances. 

Unsuitable assay 
technique. 

Assay technique could be employed in particular 
circumstances. 

Particle size 
distribution 

Suitable assay technique. 
Can be used to obtain information for the design of pumping/transfer of 
sludges/slurries. 

Unsuitable assay technique. Assay technique 
could be 
employed in 
particular 
circumstances. 

Unsuitable assay 
technique. 

Assay technique could be employed in particular 
circumstances. 

Particle shape Suitable assay technique. 
Can be used to obtain information for the design of pumping/transfer of 
sludges/slurries. 

Unsuitable assay technique. Assay technique 
could be 
employed in 
particular 
circumstances. 

Unsuitable assay 
technique. 

Assay technique could be employed in particular 
circumstances. 
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Assay 
Techniques 
(simple to 
complex) 

Characterisation Activities 

As part of ‘site characterisation’ or ‘facility characterisation’. To enable waste retrieval, treatment and packaging approaches to be 
developed and to ensure that waste packages can be safely transported, 

stored and disposed. 

As part of waste sentencing process. 

Characterisation objectives Characterisation objectives Characterisation objectives 

To support 
refurbishment 
of operational 

facilities. 

To enable 
development of a 
conceptual model 
of the facility or 

surrounding land 
and support 

development of 
the 

decommissioning 
strategy. 

To support 
development of 

the detailed 
decommissioning 
and remediation 

plans. 

To support safety 
analysis for in situ 

disposal (e.g. 
development of 

Site Wide 
Environmental 

Safety Case 
(SWESC)). 

Determination of 
material 

compositions to 
allow subsequent 
characterisation 
by calculation. 

To demonstrate 
compliance with 

the 
requirements of 
operators and 
developers of 

disposal 
facilities.  For the 

HAW 
disposability and 

LLW Waste 
Acceptance 
Procedure, 

characterisation 
supports 

analysis of the 
safety of 

disposing of the 
waste package. 

To build 
confidence in the 

choice of 
radionuclide 
fingerprint. 

To develop 
optimised 
retrieval, 

treatment and 
packaging 

approaches. 

Determination of 
background 

radioactivity in 
engineered (e.g. 
concrete, brick) 
and natural (e.g. 

soil, rock) 
materials. 

To enable 
classification / 

categorisation of 
operational 

waste. 

To enable 
classification / 

categorisation of 
waste produced 
during POCO. 

To enable 
classification / 

categorisation of 
decommissioning 
and remediation 
waste.  Relevant 
to both in situ 

and ex situ 
disposal 

approaches. 

Sonar, including 
ultrasound 

Suitable assay technique. 
To determine liquid levels/boundary layers/depth. 

Assay technique 
could be 
employed in 
particular 
circumstances. 

Unsuitable assay technique. Suitable assay 
technique. 

Unsuitable assay 
technique. 

Assay technique could be employed in particular 
circumstances. 

Temperature Assay technique could be employed in particular circumstances.  May provide 
information on the stability of the waste stream. 

Assay technique could be employed 
in particular circumstances. 

Unsuitable assay 
technique. 

Assay technique 
could be 
employed in 
particular 
circumstances. 

Assay technique could be employed in particular circumstances. 

Pressure Assay technique could be employed in particular circumstances.  May provide 
information on the stability of the waste stream. 

Assay technique could be employed 
in particular circumstances. 

Unsuitable assay 
technique. 

Assay technique 
could be 
employed in 
particular 
circumstances. 

Assay technique could be employed in particular circumstances. 

Laser scanning Suitable assay technique. 
May provide information on the physical location and condition of the 
facility/waste items. 

Unsuitable assay technique. Suitable assay 
technique. 

Unsuitable assay technique. 

Visual inspection Suitable assay technique. 
May provide information on the physical location and condition of the 
facility/waste items. 

Unsuitable assay technique. Suitable assay 
technique. 

Unsuitable assay technique. 

Video scanning Suitable assay technique. 
May provide information on the physical location and condition of the 
facility/waste items. 

Unsuitable assay technique. Suitable assay 
technique. 

Unsuitable assay technique. 
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9.5 Modelling associated with measurement 

Radiological characterisation by non-destructive assay measurements is often 
supported by mathematical modelling.  Modelling is used to predict the response of 
the selected detector system to different sample types and densities, for different 
sample container sizes and geometries, and for different activity distributions 
(uniform or non-uniform) within a container, component or vessel.  Typical shielding 
codes are MicroShield®, RANKERN and MCBEND.  Modelling can also be used to 
predict the emissions of a radioactive item and take into account the item geometry, 
material properties (including shielding), and distance to a detector.  Uncertainties in 
non-destructive measurements increase for radionuclides that are difficult to detect, 
or where the geometry is uncertain, and so modelling can be useful to explore 
uncertainties and to maximise accuracy of reported radionuclide activity 
concentrations.   

GPG on the use of modelling codes in non-destructive assay of nuclear materials has 
been produced by the European Safeguards Research and Development Association 
(ESARDA) [71].  The GPG was written in the context of nuclear safeguards, but the 
content is equally applicable to characterisation of solid radioactive waste.  Refer to 
[71] for guidance on modelling associated with measurement.  The application of 
mathematical modelling to gamma measurements is also addressed in [72]. 

9.6 Emerging technologies 

This GPG considers only established characterisation technologies, as these have 
known applications and could therefore be considered as ‘good practice’.  The 
document does not consider emerging technologies (i.e. technologies with a 
Technology Readiness Level (TRL) less than 9).  However, innovative characterisation 
technologies are being developed and trialled, and a selection of the most promising 
emerging technologies for non-destructive assay is presented in Box 9-2. 
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Box 9-2 Emerging technologies for non-destructive assay 

Most recent developments have revolved around the development of delivery systems to 
enable access to ‘difficult to reach’ areas.   

• NDA DRP has recently produced a report on the current use and future opportunities 
for Unmanned Aerial Vehicles (UAVs) in nuclear decommissioning [73].  An example of 
non-destructive assay includes trials of RISER (Remote Intelligent Survey Equipment for 
Radiation) UAV at various UK sites.  Indoor mapping of radiation by gamma 
spectrometry with simultaneous collection of LIDAR and video camera data to enable 
the relationship between plant/equipment and radiation levels to be established (see 
figure below) 

 
Example of 3D LIDAR (greyscale) and radiation (green-red points) data collected by 
RISER platform inside Hunterston A (from [73]). 

• the use of pipeline “pigs” equipped with CZT /NaI gamma detectors for surveying the 
radiological profile of an internally contaminated pipe in conjunction with ice-pigging 
and/or robotic crawlers. 

Examples of improved detection of gross alpha and beta activity on contaminated surfaces 
were presented in [74]: improvements related to the development of phosphor film for 
alpha and beta (e.g., tritium) autoradiography to support nuclear plant dismantling 
operations (by CEA, Abstract 18 in [74]) and proposals based on plastic scintillators for 
automated, quick and simple radionuclide activity determination (by University of 
Barcelona, Abstract 32 in [74]). 
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9.7 Heterogeneity 

The effect of non-uniform source distribution is one of the most significant 
contributions to inaccuracy in non-destructive assay measurements made by gamma-
based instrumentation on large waste quantities.  The magnitude of the effect is 
dependent on gamma energy and matrix density.  The worst case, resulting in 
significant underestimation of gamma activity in the waste, occurs when an 
instrument has been calibrated assuming a uniform activity distribution and all the 
activity is actually present as a single point at the centre of the container.  In this case, 
the gamma-rays from the sample must pass through the maximum amount of the 
sample matrix and so suffer the maximum attenuation.   

Depending upon the size of the waste / container and the density of the sample 
matrix, the underestimate of activity may range from a few percent to several orders 
of magnitude.  Low-energy gamma rays can be corrected for attenuation if there are 
other gamma rays with higher energies emitted by the same radionuclide.  
Instrument response to non-uniform source distributions can also be mapped by 
computer simulation to predict where the minimum and maximum values will occur. 

Methods have been developed to correct for potential heterogeneity in the matrix, 
for example where items may be filled unevenly in drummed waste.  These methods 
include segmented and tomographic high resolution gamma spectroscopy, which are 
discussed briefly below.  Further discussion on variability in non-destructive assay 
measurements Is given in Section 5.7 of [71].   

In segmented gamma spectroscopy, the detector is collimated so that only a section 
of the drum is measured at a time.  Two measurements are made for each segment: 
one measurement is of the emissions from the drum and contents and the second 
measurement is of the same segment but with a suitable transmission source 
exposed on the side opposite to the detector.  With appropriate calibration, a 
correction can be made to the activity detected in that section for the effective 
density of material in the measured section.  The measurement is repeated over the 
height of the drum and summed to derive a total activity, corrected for the mass 
distribution in the drum.   

With tomographic high resolution gamma spectroscopy, the same process as for 
segmented gamma spectroscopy is used (i.e. two measurements: one of the 
emissions from the drum and contents; the other using a transmission source to 
determine density).  However, a translation axis is added that allows the detector to 
view the drum along all possible lines that pass through it, rather than just through 
the radial centreline.  The spatial distribution of material within the entire drum then 
can be determined by suitable image reconstruction techniques to produce a three-
dimensional voxel map of the drum contents.  The appropriate attenuation correction 
can be made to each voxel to estimate the activity content of the drum contents. 
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9.8 Ensuring quality 

Regardless of the non-destructive assay method selected, a programme to ensure 
quality will need to be developed and implemented as part of any non-destructive 
assay campaign.  The key documents are the QAP, CP, DAP and QP.  Variables 
associated with non-destructive analysis include measurement uncertainties, 
background fluctuations (for radiation measurement techniques), matrix non-
homogeneity (including density) and heterogeneous distribution of the determinand.  
Quality aspects of these measurements are considered in subsection 10.4.  A more 
detailed discussion of calibration of non-destructive assay instruments used for waste 
sentencing and clearance is given below. 

Calibration of non-destructive assay instruments used for waste sentencing and 
clearance typically takes place by measuring samples of known activity that are 
distributed in a container in the same way as the activity in the samples to be 
assayed.  It can be complex and time-consuming to carry out a full set of calibration 
measurements covering all source and matrix combinations and distributions that are 
typical of real samples.  Hence Monte Carlo computer modelling is often used to 
cover the complete range of sample conditions, with the model being normalised by 
reference to a limited set of actual benchmark measurements. 

For energy / density / efficiency calibration, the calibration sources are mounted in 
suitable containers containing matrices of various densities to span the range of 
densities expected in the waste.  Calibration uncertainty is controlled by counting the 
calibration sources long enough so that the uncertainty in the calibration curve is 
negligible compared to the other uncertainties.   

As the use of non-destructive assay for waste sentencing and clearance increases, the 
need for an availability of a wider range of reference materials has been recognised 
(e.g. see [75]).  However, such reference materials are yet to become available.  In 
addition, there is currently no common practice for the calibration of low- or high-
resolution gamma-spectrometers for clearance work.  In some cases, ‘point’ sources 
are used in conjunction with inert matrices to derive correction factors for absorption 
within the matrix.  Others use commercial software to derive an efficiency calibration.  
A common example of this is ISOCS (In Situ Object Counting System), which 
calculates the detection efficiency of radionuclides from a source when provided with 
details such as source shape, composition and counting geometry.  Other proprietary 
software is also available such as ‘ISOTOPICS’ and ‘EffMaker’.  Alternatively, users may 
develop in-house efficiency calibration methods based on mathematical methods.   

Guidance on the selection of analytical testing laboratories, including discussion of 
key quality issues, is given in subsection 10.4.1.  
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9.9 Summary 

Key points of good practice when characterising waste using non-destructive assay 
techniques are given in Box 9-3.  Box 9-4 presents possible pitfalls. 

Box 9-3 Characterising waste by non-destructive assay.  Key good 
practice points 

• Identify how the non-destructive assay technique is to be applied.  To analyse 
materials: in situ? ex situ on-site? ex situ in the laboratory?  This will depend on the 
characterisation objective. 

• Understand the performance of potentially applicable non-destructive assay techniques 
and ensure operations are carried out to allow for correct performance of the 
technique.  Table 9-1 provides detailed guidance. 

• Select the non-destructive assay technique(s) based on its suitability for the particular 
application.  Table 9-2 provides detailed guidance. 

 

Box 9-4 Characterising waste by non-destructive assay.  Possible pitfalls 

• Failing to select appropriate locations for the non-destructive assay measurements.  
This could result in a dataset that is not fit for the planned purpose.  See subsections 
10.2.3 and 10.2.4 for further guidance on selecting sampling or measurement locations. 

• Failing to determine the accuracies and uncertainties in non-destructive assay 
measurements made in the field (i.e. not in an analytical testing laboratory).  See 
subsection 11.3 for guidance on estimating uncertainties. 

• Failing to implement the measurement technique correctly. 

• Over-focus on radioactivity measurements, with neglect of non-destructive assay 
opportunities to characterise hazardous chemical (non-radioactive) substances and the 
physical and chemical characteristics of the waste. 

• Choosing inappropriate techniques to achieve the characterisation objective.  For 
example, the chosen technique: cannot achieve the required level of accuracy; cannot 
achieve the required limit of detection; cannot be deployed to the required analysis 
location, or; cannot achieve the required throughput. 
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10 Characterisation by sampling and analysis 

Box 10-1 Aims of Chapter 10 

This chapter provides information and guidance on undertaking sampling followed by 
sample analysis.  The aims of the chapter are to: 

• understand why a sampling and analysis plan is required before undertaking any works 
and its contents; 

• describe the important aspects of sample collection and the subsequent sample 
preservation prior to analysis; 

• describe key aspects of laboratory analysis on collected samples; and 

• develop an understanding of the data. 

10.1 Introduction 

This chapter provides information and guidance on characterising radioactive waste 
by sampling and analysis.  Although sampling and analysis is often the most 
expensive, and potentially hazardous, of the three approaches to collect new 
characterisation information, there are many occasions when it is necessary.  Box 4-9 
and Box 4-10 describe the relative advantages and disadvantages of the different 
approaches to characterisation.  It should be recognised that sampling of radioactive 
waste is often difficult and, generally, the difficulty increases with increasing specific 
activity. 

Subsection 10.2 describes aspects of planning for sampling and analysis.  These 
aspects are mapped onto the steps in the waste characterisation process 
recommended in Chapter 4. 

Subsection 10.3 describes the sampling process in more detail.  It provides guidance 
on choosing sample locations, sample numbers and sampling techniques.  It then 
provides guidance on some practical aspects of the sampling process: sub-sampling 
and labelling; sample preservation; sample storage, dispatch and transport; records 
made during sample collection, and; the Chain of Custody (CoC). 

Subsection 10.4 provide guidance on sample analysis.  The subsections on detection 
limits (subsection 10.4.4), assessment of analytical uncertainty (subsection 10.4.5) and 
interferences and difficulties in measurement (subsection 10.4.6) are also appropriate 
for all applications of non-destructive assay presented in Chapter 9.   

Subsections 10.3 and 10.4 consider sampling and analysis techniques that are 
currently being applied to the characterisation of solid radioactive waste; the 
identification of BAT is made from these established techniques.  Subsection 10.5 
considers a selection of the most promising emerging technologies.  These 
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technologies cannot currently be considered to be BAT, but may become so in the 
future if they become established for waste characterisation. 

10.2 Planning for sampling and analysis 

Steps 1 to 8 of the waste characterisation process recommended in Chapter 4 are 
concerned with planning.  This section of Chapter 10 provides additional information 
that is relevant to planning characterisation by sampling and analysis, together with 
guidance on activities and outputs in Steps 1 to 8 that are specific to sampling and 
analysis.  Also refer to Box 4-9 and Box 4-10, which describe the relative advantages 
and disadvantages of the different approaches to characterisation. 

10.2.1 Step 1.  State the problem and identify the key stakeholders 

Stakeholders in the waste characterisation process are identified in Box 4-3.  Early 
engagement of stakeholders may have the following benefits for sampling and 
analysis projects:  

• establishing lines of communications; 

• agreeing access to sample locations; 

• minimising the risk that key issues are being overlooked; and 

• ensuring sampling and analysis is carried out safely and in line with company 
policies and procedures. 

Where characterisation involving sampling is to be undertaken, relevant Health, 
Safety and Environment managers in the company producing the waste should be 
involved to ensure development of a Safe System of Work (SSoW) and compliance 
with company policy and procedures.  Liaison with the operators of facilities where 
waste is to sampled will be a key input to a SSoW.  In addition, facility managers and 
site infrastructure staff should be involved to advise on the accessibility of preferred 
sampling locations.   

Analytical laboratories (either ‘in-house’ or commercial) and any specialist sampling 
companies should be contacted before work begins to ensure project-specific 
sampling, preservation and analysis techniques are appropriate to achieve the 
characterisation objectives.  Pre-selection of a contractor or contractors through 
framework arrangements will ensure that contractors have the appropriate 
capabilities and experience, although this does not remove the requirement for 
discussions on project-specific issues.  Issues to consider when selecting an analytical 
testing laboratory are given in subsection 10.4.1. 

10.2.2 Step 2.  Identify the characterisation objective(s) 

Examples of characterisation objectives that might be particularly suited to 
characterisation by sampling and analysis are given below. 
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• The development of a radionuclide fingerprint, which can then be used in 
subsequent waste management activities. 

• Accurate determination of contaminant concentrations and physical and 
chemical characteristics of the waste.  This will be required in many different 
applications.   

10.2.3 Step 3.  Determine the information required to achieve the 
characterisation objective 

The two broad approaches to sampling (‘probabilistic’ sampling and ‘judgemental’ 
sampling) were introduced in Step 3 of the waste characterisation process 
(subsection 4.4) and are described further below.  Further detail is provided in 
Box 10-2, Figure 10-1 and Figure 10-2.  Table 10-1 describes the advantages, 
disadvantages and suitability of various sampling patterns. 

Probabilistic sampling.  In probabilistic sampling, there is an equal chance of 
sampling any part of the waste, subject to all of the waste being accessible for 
sampling.  The approach provides a set of samples that are representative of the 
parent population.  The approach is used when: 

• there is little reliable knowledge of the waste or condition being evaluated; 

• a statistical description of the data is required.  This would include a treatment 
of uncertainty. 

Probabilistic sampling allows the uncertainty of estimates to be calculated, allowing 
more informed conclusions to be drawn from data analysis.  The approach also allows 
decision error criteria to be handled.  However, probabilistic sampling can become 
difficult when there are constraints on sampling locations (e.g. difficult to access or 
located within a body of waste). 

Software tools such as Visual Sampling Plan (VSP) can be used to aid the design and 
interpretation of a probabilistic sampling campaign.  For example, VSP24 can be used 
to determine the numbers and locations of samples to achieve a desired level of 
confidence, and can subsequently be used to interpret the results (for example, by 
calculating levels of confidence in decisions made) of the sampling campaign.  When 
used correctly, software tools such as VSP can support the design and interpretation 
of fit-for-purpose probabilistic sampling campaigns.  It is, of course, important to 
ensure that the likely form of heterogeneity exhibited by the waste is represented 
appropriately in the statistical analyses performed by a software tool such as VSP. 

 
24  VSP is a free US government-funded software that offers an easy-to-use interface, a 

comprehensive statistical tool set and a reporting mechanism which can support a wide 
range of characterisation objectives 
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Judgemental sampling.  In judgemental sampling, part of the waste is either 
excluded from sampling or has a reduced chance of being sampled (or, put another 
way, sampling is ‘targeted’ because certain types or locations of waste have a higher 
chance of being sampled).  This type of sampling may be appropriate where a 
specific item or component of the waste needs to be considered or where there is 
sufficient understanding of where samples should be taken to generate 
representative or cautious values for the waste.  The approach is used in the following 
circumstances: 

• access for probabilistic sampling is not practicable; 

• there is reliable information about the feature or condition under investigation, 
enabling samples with the desired characteristic to be collected; 

• only a small number of samples are to be selected for analysis and 
characterisation; 

• relatively small-scale features or conditions are under investigation. 

Because judgmental sampling designs generally require collection of fewer samples, 
they often can be quickly implemented at a relatively low cost.  The limitation is that 
the inferences drawn for the overall waste body from judgemental sampling depend 
heavily upon the quality of expert knowledge and personal judgement used to 
interpret the data.  Therefore, this approach requires the use of SQEP.  
Notwithstanding this, it is often difficult to justify the claimed level of confidence 
from judgemental sampling.   

 
Figure 10-1 Examples of probabilistic sampling patterns [15] 
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Figure 10-2 Examples of judgemental sampling patterns [15] 
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Box 10-2 Sampling patterns 

Sampling patterns define, when, where and how the samples of the waste / population are 
taken.  The common types of sampling patterns are described below.  Further information 
is provided in Appendix D of Reference [15]. 

Probabilistic Sampling. 

• Simple random sampling.  Samples are taken at random from the waste population.  
There is an equal chance of each part of the population being sampled, but the spread 
across the samples may not be even. 

• Stratified random sampling.  The waste population is divided into sub-populations, or 
strata, that are known or thought to be more homogenous.  A specific number of 
samples is randomly taken from each sub-population.  If each sub-population is equal 
in size, or the number of samples is weighted relative to sub-populations size, then 
each part of the population has an equal chance of being sampled.  Therefore, 
sampling is spread evenly across the population.   

• Systematic and grid sampling.  Samples are evenly spread across the population.  An 
initial location or time is chosen at random, and the remaining sampling locations are 
defined so that all locations are at regular intervals (grid) over an area or time 
(systematic).  It assumes that there are no systemic components of variation within the 
population that interact with the sampling frequency.  If this assumption is incorrect the 
approach is not valid.  Therefore, this approach should be applied with caution and the 
assumptions tested.   

Judgemental sampling.  There are a wide variety of sampling patterns that can be 
generated.  The selection of samples is based on knowledge of the waste and on 
professional judgement.  An example is targeted sampling, where samples are taken from a 
specific place such as an access point or the location of a known spill. 

Adaptive cluster sampling.  Initial samples are taken using simple random sampling with 
additional samples taken at locations where the contaminant exceeds a set value.  Further 
samples may then be taken based on the previous samples to determine the boundaries of 
hot spots more precisely. 

Composite sampling.  Material from several selected sampling units is combined and 
mixed together to create a single homogenous sample to be analysed.  For the method to 
be viable, there is a requirement that no safety hazards or potential biases are present 
when compositing the samples. 

Multi-incremental sampling.  Samples are collected from within one population (or 
decision unit).  Typically a number of small volume increments are collected and are bulked 
to form a single representative sample. This is usually repeated to produce several multi-
incremental samples that can be used to estimate the variation across the sample 
population.  The technique optimises sample coverage of the population area whilst 
reducing analytical costs and is recognised as an approach to provide an estimate of the 
mean concentration.  The main differentiator from a composite sample is that a composite 
sample is combined from several decision units and it is possible to ‘revisit’ the original 
‘individual’ populations if required.  
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Example A from Figure 10-2 shows judgemental sampling that targets the edge or 
surface of an area.  Example B shows sampling from a specific place, for example an 
access point or a known spill.  The information provided by such sampling depends 
on an understanding of how these areas relate to the overall population. 

Table 10-1 Advantages, disadvantages and suitability of sampling patterns 

Pattern Advantages Disadvantages Suitability 

Simple 
random 
sampling  
(probabilistic) 

Provides statistically 
unbiased estimates of 
population parameters. 
Easy to understand and 
implement. 
Sample size calculations 
and data analysis are 
relatively straightforward. 

Not appropriate where 
the population can be 
divided into sub-
populations. 

When the population of 
interest is homogenous, 
with no major patterns of 
contamination. 

Stratified 
random 
sampling  
(probabilistic) 

Potential for achieving 
greater precision in 
estimates of the mean 
and variance. 
Allows computation of 
reliable estimates for 
population subgroups of 
special interest. 

Requires reliable prior 
knowledge of the 
population to determine 
strata and sample sizes. 

Heterogeneous target 
populations where the 
area can be subdivided 
based on expected 
contamination levels. 

Systematic and 
grid sampling 
(probabilistic) 

Practical and simple 
method for designating 
sample locations. 
Ensures uniform coverage 
of a population. 

Number of samples 
tends to be larger, 
increasing costs. 

When searching for 
hotspots of contamination, 
spatial patterns and trends 
over time. 

Judgemental 
sampling 
(can be 
targeted) 

Can reduce overall costs 
of sampling by limiting 
number of required 
samples. 

Conclusions about the 
target population are 
limited and depend 
entirely of the validity 
and accuracy of 
professional judgement. 

Situations where there is 
significant knowledge on 
the condition being 
investigated so 
professional judgement 
can be accurate. 

Ranked set 
sample 
(can be 
probabilistic or 
judgemental) 

Cost-efficient method for 
obtaining better estimates 
of mean concentration 
levels. 
Results in representative 
samples with more 
precise estimates of 
population parameters. 

Costs may be higher 
than using simple 
random sampling. 
There is a risk that field 
locations within a set 
will be located close 
together to decrease the 
effort in taking 
screening 
measurements. 

When the costs of locating 
and ranking locations in 
the field is low in 
comparison to laboratory 
measurements. 
When an inexpensive 
auxiliary variable is 
available to rank 
population units based on 
the variable of interest. 
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Pattern Advantages Disadvantages Suitability 

Adaptive 
cluster 
sampling 
(probabilistic) 

Useful for estimating or 
searching for rare 
characteristics in a 
population. 
Gives unbiased estimates 
of population mean. 

Final sample size and 
therefore total cost is an 
unknown quantity. 
Sampling, testing and 
resampling process can 
take significant time. 

Delineating the borders of 
hot spots. 
Searching for rare 
characteristics in a 
population. 

Composite 
multi-
incremental 
sampling 
(probabilistic) 

Reduces number of 
analyses needed, 
potentially reducing costs. 

Does not provide 
information on spatial or 
temporal variability. 

Use when analysis costs 
are large compared to 
sampling costs. 

Inappropriate sampling strategies 

There are many cases where a certain strategy may not be appropriate.  Examples are 
given below. 

• Systematic sampling would be an inappropriate probabilistic strategy if a 
known pattern of contamination coincides with the regularity of the grid 
design.   

• Judgemental sampling would be an unsuitable strategy if SQEP are not 
available to determine sampling patterns / locations or if there is little 
information about the waste and condition being investigated.   

Refer to subsection 11.3 of this document, which discusses sources of uncertainty and 
provides guidance on how to determine an acceptable level of uncertainty and how 
to estimate uncertainty.   

10.2.4 Step 8.  Produce the documentation for waste characterisation 

Guidance on the content of a SAP is provided in this section.  If sampling and analysis 
is part of the overall waste characterisation approach, this information should be 
used to develop the ‘sampling and analysis’ section of the DAP; see Box 4-12 for the 
suggested section headings in the DAP. 

The SAP uses the approach laid out in the CP to develop a description of the 
locations from which samples will be collected and the methods by which the 
required analytical data will be obtained.  Section headings and illustrative content of 
a typical SAP are given in Box 10-3.  As a minimum, the SAP should identify: 

• a safe system of work, justified as ALARP, to collect, package, store and 
transport the samples; 

• the numbers of samples to be collected, and their sizes and locations; 
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• techniques and equipment to be used to take the sample, and the possible 
technical consequences (e.g. perturbation to the parameter being measured, 
such as loss of volatile component) of deviating from these; 

• any requirement to produce composite samples and for sub-sampling to 
produce the laboratory samples, and the methods to be used; 

• the procedures to be used for packaging, preservation, storage and transport 
of the sample to the laboratory; 

• initial sample handling / sub-sampling in the laboratory; 

• the analytical schedule (including the determinands / analytes, the analytical 
techniques, method statements, limits of detection and uncertainty). 

It is good practice to talk with staff from the analytical testing laboratories (see list of 
stakeholders in Box 4-3) to obtain information on the laboratory’s requirements for 
sampling, storage and transport. 

A QP (see subsection 3.3) should be produced and used during the sampling process 
to demonstrate that the requirements of the SAP have been met. 
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Box 10-3 Section headings and illustrative content of a typical SAP 

• Introduction 

− Description of the waste / material to be sampled; 
− The objective of the sampling and analysis programme: ‘why’ the sample 

numbers, locations and sample collection and analytical techniques have been 
chosen and the purpose of sampling. 

• Sampling approach 

− Hazards posed by the waste / material, its surroundings and the sampling 
equipment; 

− SQEP and training requirements for samplers; 
− Sampling techniques to be used (including method statements & Safe System 

of Work); 
− Approach to minimise / avoid cross-contamination; 
− A pro-forma Chain of Custody (CoC) / instruction to analytical laboratory; 
− A QP for the sampling and analysis activities. 

• Sampling 

− The number of samples to be collected.  This should include details of any 
duplicates or bulking requirements; 

− Sampling locations, and the material to be sampled at each location.  This 
should include depths if applicable; 

− Any requirement to photograph sampling locations and samples.  Photographs 
are extremely valuable to demonstrate what has been done, including any 
compromises made; 

− Mass or volume of each sample to be collected.  Specify sub-sampling if 
required; 

− Information to be recorded during sampling (sampler, dose rate, weather, etc.); 
− Specification for labelling samples.  This may include identifying which side is 

contaminated (e.g. if a coupon is taken from an active pipe), or the top of a 
core; 

− Contingency in case a sample(s) cannot be collected at the planned location. 
• Preservation, storage and transport of samples of samples 

− preservation at the time of collection, during storage on-site and during 
transport to the analysis location; 

− sample transport arrangements, including radioactive material movement if 
necessary.  Required communication/notification to the receiving laboratory. 

• Sample analysis 

− Initial sample handling and sub-sampling methodology, including approach to 
ensure homogenisation of sub-samples; 

− Laboratory analysis methods including United Kingdom Accreditation Service 
(UKAS) accreditation where appropriate, required limit of detection and 
reporting requirements; 
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− Schedule showing required analysis for each sample; 
− Schedule for retaining and then disposing of unused material. 

10.3 Sampling 

Personnel undertaking sampling should have the appropriate training and 
competencies required for the work.  See Box 10-4.  Relevant experience in similar 
sampling activities should also be considered.  It is for the operator of the site to 
decide if staff are SQEP for their particular role in the sampling process.  It is also for 
the site operator to decide whether supervision of the personnel undertaking 
sampling is required.   

Box 10-4 SQEP  

Sampling personnel should be sufficiently trained and experienced in of the following 
competencies before sampling can commence.  Personnel should: 

• be able to understand the requirements of the SAP and the sampling activities that are 
undertaken; 

• be able to conduct a ‘point of work’ risk assessment before commencing work and be 
able to identify safety hazards during the work;  

• have sufficient training to use any specialised sampling equipment involved in the 
investigation; 

• have sufficient training in the techniques to be used at the time of sampling; 

• be able to document the sampling activities and results, and; 

• understand issues such as cross-contamination and the importance of CoC. 

An effective pre-job brief is an essential part of the sampling process.  Sampling 
should not take place until all documentation has been approved by the site and 
briefed to field operatives. 

10.3.1 Sample numbers (type and size) 

It is not the intention for this document to provide detailed guidance on sampling.  
Box 10-5 provides examples of existing good practice for sampling radioactive waste.  
See Box 10-6 for established procedures for calculating the number of samples 
required for probabilistic sampling approaches, and refer to these references for 
further information.  Most of the approaches are based on hypothesis testing directly 
connected to confidence levels.  Hypothesis testing is a standard statistical method 
that can be applied to many different situations, and is not unique to radioactive 
waste characterisation. 

The number of samples required for judgemental sampling is, as the name implies, a 
matter of judgement by the person designing the sampling programme. 
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The minimum size of the sample to be collected should be clearly defined.  A sample 
is likely to be sub-divided in the analytical laboratory to allow different destructive 
measurement methods to be used.  The size of the original sample should therefore 
be great enough to satisfy the total of all the measurement methods to be applied. 

Box 10-5 Sources of information for guidance on sampling  

• Guidance on the classification and assessment of waste (1st Edition v 1.1) Technical 
Guidance WM3 [15] 

• NPL Good Practice Guide No.  30 “Practical Radiation Monitoring” Issue 2.  This 
describes the use of wipe testing, Section 6.3.2 [76] 

• American Society for Testing and Materials (ASTM) Standard C998-17 Standard Practice 
for Sampling Surface Soil for Radionuclides [77] 

• ASTM standard C1751-11 Standard Guide for Sampling Radioactive Tank Waste [78].  
This relates specifically to sampling of tank waste. 

• Sampling for radioactive waste characterization presentation to ICTP / IAEA  
Workshop [79] 

• BS ISO Standard EN 148989.  Characterisation of waste.  Sampling of waste materials.  
Framework for the preparation and application of a sampling plan [80] 

 

Box 10-6 Sources of information for determining sample numbers and 
locations for probabilistic sampling strategies 

• Nuclear industry guidance document: estimation and comparison of means for 
contaminated land data, NDA report [14] 

• The UK Nuclear Industry Guide to: Clearance and Radiological Sentencing: Principles, 
Process and Practices [6] 

• Visual Sample Plan.  https://vsp.pnnl.gov/ 

• Guidance on Systematic Planning Using the DQO Process [62] 

• Multi-agency Radiation Survey and Site Investigation Manual (MARSSIM), [81] and 
Multi-Agency Radiation Survey and Assessment of Materials and Equipment 
(MARSAME) [82] 

This list is not exhaustive. 

10.3.2 Selecting sample locations 

1. Identify accessibility of potential sampling locations 

Restrictions might be due to physical constraints (e.g. sampling within tanks or 
vaults with small access points; building footprints preventing access to the 

https://vsp.pnnl.gov/
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underlying land), dose constraints or other hazards within the environment.  For 
some waste this might mean having to work some distance from the sampling 
location or even using remote methods. 

This information cannot always be obtained by review of written information.  
Where available written information is not sufficient, visits to potential sampling 
locations and discussions with staff familiar with the waste and its surroundings 
will be required. 

2. Ensure sample locations are suitable to achieve the characterisation objective 

Subsection 4.4 identified that the waste characteristic could be represented by a 
best-estimate value or a cautious value, and provided guidance on sampling to 
achieve these outcomes.  A fundamental requirement when collecting samples 
using a probabilistic sampling approach is that the data should be unbiased.  For 
example, when sampling previously water-wetted surfaces from an empty cooling 
pond (see Figure 1-3), it is easier to collect samples from the lower part of the 
wall than at height.  If it is not possible to justify that sampling from only the 
lower part of the wall would provide representative samples, then it would be 
necessary to install scaffolding frames or use mobile erection platforms to collect 
samples from height.  Practical considerations such as these should be detailed in 
the SAP.  Similarly, if samples need to be taken from a large pile of waste, then 
the sampling pattern should include sampling at various heights within the pile, 
with a random or systematic approach to avoid bias. 

3. Develop contingency if the planned sampling location is inaccessible  

The SAP should describe a contingency measure if a sample cannot be collected 
at the planned sampling location.  An example is that an alternative sample 
should be collected as close as possible to the planned sampling location. 

4. Consider the need for depth-dependent sampling 

If samples are being taken from soil or from a concrete structure such as a waste 
vault or a cooling pond, then a depth profile is likely to be required to determine 
the depth of penetration of contaminants into the soil or concrete (see 
Figure 1-3).  Suitable judgemental samples should be collected to allow the depth 
profile to be established for the contaminants of concern.  The depth of 
penetration into the structure will be deeper in features such as cracks that act as 
preferential pathways for migration.   
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10.3.3 Sampling techniques 

Radioactive waste materials that may require sampling include: sludges; powders and 
granules; solids, and; mixed waste (sometimes solidified).  This waste may require 
sampling from a variety of situations: 

• drums, bags, kegs, blocks, or other containers; 

• vessels, tanks, pipework or vaults of a variety of shapes and orientations; 

• moving materials as part of a treatment process; 

• ponds; 

• buildings; 

• plant and equipment; 

• massive or large pieces. 

Samples can be considered as one of three types: 

• Representative.  That is, representative of the material at the location from 
which the sample was collected; 

• Non-representative.  That is, only a fraction of the waste at the sampling 
location is collected by the sampling device.  Examples include contaminant 
‘hotspots’ and ‘grab’ samples of sludges.  Non-representative waste samples 
will be acceptable in some circumstances; for example:  

− if the waste sample is representative for the determinand or property being 
characterised, such as the radionuclide fingerprint25, and; 

− if a cautious estimate of a determinand is required and this can be 
obtained through the non-representative sample. 

• Analogues of the waste.  An analogue is a sample other than the waste that 
displays particular characteristics deemed to be comparable with the waste.  
Examples include (i) materials generated in inactive trials designed to develop 
optimised waste processing procedures and (ii) samples from filters present in 
a room/plant that might be used for fingerprint development. 

 
25  For example, a representative fingerprint might be obtained from sampling contamination 

‘hotspots’ in a waste, provided SQEP were confident that the contaminant source and 
contaminating mechanism was representative of the wider waste.  Elevated contaminant 
concentration would reduce uncertainties due to representative contaminant 
concentrations being close to limit of detection. 
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Table 10-2 lists techniques that are currently used for sampling radioactive waste26.  It 
describes each technique and gives its advantages and disadvantages.  For example, 
sampling techniques that cause the sample to heat up would not be suitable for 
collecting samples to be analysed for volatile components or tritium.  It is not 
practicable to list every possible sampling approach for every possible circumstance.  
Box 10-17 presents promising emerging technologies for sampling solid radioactive 
waste.  Table 10-3 shows the suitability of different sampling techniques to different 
media (unconsolidated materials, consolidated materials, sediments and sludges). 

All techniques in Table 10-2 are listed as being suitable for sampling both LLW and 
ILW.  Without knowing the exact circumstances, there is no initial reason why any of 
the devices in the table could not be used for sampling media contaminated to ILW 
levels, provided that appropriate SSoW are used and the necessary steps were taken 
to mitigate / avoid cross-contamination.  It would have to be accepted that there may 
be some loss (due to contamination) of some consumable parts or whole pieces of 
equipment used for sampling under some circumstances. 

 

 
26  Table 10-2 and Table 10-3 are based on experience and should not be taken as 

mandatory. It is for the site operator to decide and justify which sampling techniques are 
best-suited for particular sampling applications. 
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Table 10-2 Sampling techniques  

Technique Image Media Waste 
type 

Description Advantages Disadvantages 

Swabs / smears 
[83] 

 

 

Solid surfaces / 
non-porous 

LLW / ILW An absorbent material  

(e.g. paper, cloth, glass fibre filter etc.) is used to wipe, with 
firm pressure, over the contaminated surface.  The wipe 
removes part of the contaminant that is subsequently assayed 
by an appropriate method.  Typically used in beta / gamma 
contamination monitoring / surveillance which used in 
conjunction with Health Physic Assay hand-held instruments.  
Can be used to minor soft beta nuclide and / or alpha levels 
when assessed by liquid scintillation counting.   

Easy to use 

Can be used on liquid spills and solid 
surface contaminants 

Simple method allowing an approximation 
of the activity to be calculated. 

Inexpensive 

Hand-manipulated – dose mitigation to 
operator required 

Not appropriate for alpha monitoring 

Not appropriate when ascertaining solid 
waste fingerprints that have a depth 
activation as well as surface contamination 
profile 

Should not be used to attempt a 
quantitative estimation of the amount of 
activity present on surface 

Contamination pick-up is dependent on 
operator manipulation and is not 
consistent 

Auger (bucket 
head type) [84] 

 

Unconsolidated 
solids: soils and 
sediments 

LLW / ILW Hand-operated rotating coring device.  The cutting head of the 
auger bucket is pushed and twisted by hand with a downward 
force into the ground or material then removed as the bucket 
is filled.  The empty auger is returned to the hole and the 
procedure is repeated.  The sequence is continued until the 
required depth is reached. 

Easy to use 

Good depth range (up to 15 feet with 
extensions) 

Reusable (minimises the requirement for 
disposal) 

Easy to decontaminate 

Hand-manipulated – dose mitigation to 
operator required, though use of 
extensions may limit dose 

Upon retrieval, sample has to be 
transferred to a sample container, which 
represents a dose / contamination risk 

Concentric tube 
thief [85]  

 

Unconsolidated 
dry solids: 
powdered or 
granular 

LLW / ILW Push coring device that consists of two slotted telescoping 
tubes constructed of stainless steel, brass, or other material.  
The outer tube has a conical pointed tip on one end which 
allows the thief to penetrate the material being sampled.  The 
thief is opened and closed by rotating the inner tube, and it is 
inserted into the material while in the closed position.  Once 
inserted, the inner tube is rotated into the open position and 
the device is wiggled to allow the material to enter the open 
slots.  The thief is then closed and withdrawn. 

Easy to use 

Reusable (minimises the requirement for 
disposal) 

May be difficult to decontaminate 
(depending on matrix) 

Not recommended for sampling moist or 
sticky materials 

Collects a disturbed sample  

Upon retrieval, sample has to be 
transferred to sample container, which 
represents a dose / contamination risk 

Hand-manipulated – dose mitigation to 
operator required 
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Technique Image Media Waste 
type 

Description Advantages Disadvantages 

Miniature core 
sampler [86] 

 

Unconsolidated 
solids: soils and 
sediments 

LLW / ILW Single-use push coring device that also can be used as an air-
tight sample storage and shipping container.  Example devices 
include Purge-and-Trap Soil Sampler™ and the EnCore™ 
sampler.  Particularly useful for the sampling and analysis of 
volatile organic compounds. 

Provides sample containment (sampler 
can be used to store and transport sample 
directly to the laboratory) 

Obtains an undisturbed sample 

Cross-contamination avoided due to 
single use 

Designed as single use, so device requires 
disposal after each sample collected 

Cannot be used to sample gravel or rocky 
soils 

Hand-manipulated – dose mitigation to 
operator required 

Modified syringe 
sampler [85] 

 

Unconsolidated 
solids: soils and 
sediments 
(excluding rocky / 
gravely soils or 
coarse solids) 

LLW / ILW Push coring device constructed by the user by modifying a 
plastic, single-use, medical syringe.  The modified syringe 
sampler is constructed by cutting off the lower end of the 
syringe attachment for the needle.  The rubber cap is removed 
from the plunger, and the plunger is pushed in until it is flush 
with the cut end. 

Inexpensive 

Obtains a relatively undisturbed profile 
sample 

Volatile loss can be minimised 

Material of construction may be 
incompatible with highly contaminated 
media 

Designed as single use, so device requires 
disposal after each sample collected 

 Hand-manipulated – dose mitigation to 
operator required 

Trier [85] 

 

Unconsolidated 
non-dry solids: 
cohesive and fine-
grained material 
e.g. soil 

LLW / ILW Push coring device comprising a handle connected to a tube 
cut in half lengthwise, with a sharpened tip that allows it to cut 
into the material.  Typically 61 to 100 cm in length and 1.27 to 
2.54 cm in diameter.  Allows a relatively complete and 
cylindrical sample to be extracted. 

Easy to use 

Reusable (minimises the requirement for 
disposal) 

Easy to decontaminate 

Inexpensive 

Difficult to use in overly moist or sticky 
matrices 

Upon retrieval, sample has to be 
transferred to sample container, which 
represents a dose / contamination risk 

Hand-manipulated – dose mitigation to 
operator required 

Swing jar 
sampler [85] 

 

Powders or fine 
solids 

LLW / ILW Surface sampler used to obtain samples at distances of up to 
3.5 m.  Normally used with high density polyethylene sample 
jars and has an extendable aluminium handle with a pivot at 
the juncture of the handle and the jar holder.  The jar is held in 
the holder with an adjustable clamp.  The pivot allows samples 
to be collected at different angles.  The sample volume ranges 
from 0.5 to 1.0 L. 

Easy to use 

Easy to adapt to samples by using jars of 
different sizes and materials 

Can collect samples at distance, thereby 
reducing operator dose / exposure  

Potential for dispatching jar directly to 
laboratory 

Glass jars are fragile 

Hand-manipulated, albeit from distance – 
dose mitigation should be considered, 
especially when handling sample 

Requires decontamination before reuse 
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Technique Image Media Waste 
type 

Description Advantages Disadvantages 

Penetrating 
probe sampler 
[85] 

 

Consolidated 
solids 

LLW / ILW Push coring device which typically comprises single or multiple 
threaded steel tubes, a threaded top cap and a detachable 
steel tip.  The steel tubes are approximately 75 mm in diameter.  
Sample volume ranges from 0.2 to 2.0 L. 

Larger barrels can be fitted with plastic liners to contain the 
sample. 

Technique can be mechanised for some circumstances. 

Reusable and easy to decontaminate 

Can provide samples for on-site analysis 

Versatile - can sample 15 to 20 locations a 
day for any combination of matrices 

Can reduce quantity of investigative 
derived waste 

Inappropriate for sampling materials that 
require mechanical strength to penetrate 
(such as concrete) 

May be heavy and bulky depending on 
size used 

Upon retrieval sample has to be 
transferred to sample container, which 
represents a dose / contamination risk 

Hand-manipulated – dose mitigation to 
operator required 

Split barrel 
sampler [87] 

 

Consolidated 
solids: cohesive 
materials (non-
stony) 

LLW / ILW Push coring device consisting of a length of steel tubing split 
longitudinally.  The split barrel is typically 18 – 114 cm in length 
with an inside diameter of 9.6 – 16.2 cm.  The sampler may be 
driven manually, but is usually driven with a drill rig drive 
weight assembly or hydraulically pushed using rig hydraulics.  
When the desired depth is reached, the sampler is twisted to 
break the core and pulled from the media. 

Reusable 

Easily decontaminated 

Easy to use 

Provides a relatively undisturbed sample 
which minimises loss of volatiles 

Upon retrieval sample has to be 
transferred to sample container, which 
represents a dose / contamination risk 

Can be large and heavy 

Difficult to remove cores and some 
volatile loss possible during this process 

Hand-manipulated – dose mitigation to 
operator required 

Remote 
sampling device 
[88]   

 

Sludge, salt or 
solids (tank 
scenario) 

 

LLW / ILW Tethered remote control vehicle which carries a sampling 
assembly (bottom scrape sampler) to the location of the 
desired sample.  The sampling assembly is then deployed to 
collect and sample and subsequently retrieved.  The sample 
assembly comprises a vial and sampling head, connected to a 
retrieval cable.  The cable is used to pull the sampler along the 
bottom, taking in waste material, until directly below the access 
port at which point the sampler is extracted from the tank. 

Reusable (minimises disposal 
requirements) 

Designed to allow quick transfer of 
sample to shielded packaging (reduces 
operator exposure time) 

Easily decontaminated 

Can withstand highly alkaline 
environments 

Designed to access tanks through small 
access ports – samplers provide shielding 
over the tank access port 

Potentially expensive 

Risk of remote vehicle becoming stuck. 

Imprecise as only ‘soft’ material will be 
removed.  Harder, compacted waste such 
as scales may not be sampled bringing 
bias into sampling 

Poor locational control 

Grab sampler 
[89] 

 

Sludges and 
slurries (shallow 
depth) 

LLW / ILW Shallow depth sampler used in tanks, drums or impoundments.  
Sample volume ranges from 0.5 to 1.0 L.  The sample jar is 
usually made of glass, although plastic jars are available.  Upon 
submersion, the valve is opened by pulling a finger ring to fill 
the jar.  The valve is closed before retrieval of the sample. 

Easy to use 

Sample is contained upon retrieval (no 
operator exposure to volatiles) 

Restricted to shallow depth 

Hand-manipulated, albeit from distance – 
dose mitigation should be considered, 
especially when handling sample 

Glass jar is fragile 

Requires free flowing material 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 176 

 

Technique Image Media Waste 
type 

Description Advantages Disadvantages 

Syringe sampler 
[85] 

 Sludges and tar-
like substances 

LLW / ILW Piston assembly device used to collect small volume samples 
(0.2 to 0.5 L) from drums, tanks and surface impoundments.  A 
coring tip enables the syringe to be used as a coring device. 

Easy to use and decontaminate Confined to use at a maximum depth of 
about 1.8 m 

Material to be sampled must be viscous 
enough to remain in the device when the 
coring tip is used 

Valve tip not recommended for viscous 
materials 

Potential for contamination arises when 
sample is extruded from syringe into 
sample container 

Designed as single use, so device requires 
disposal after each sample collected 

Hand-manipulated – dose mitigation to 
operator required 

Variable Depth 
Sampler (VDS) 
[88] 

 Sludge or loose 
solids 

LLW / ILW Contains a vial and spring-loaded lid.  The VDS is pushed into 
the waste material and the lid control cable pulled to open the 
lid to sample.  The lid control cable is then released, allowing 
springs to close the lid on the sample vial. 

Vial is sealed empty for insertion into the 
waste, thereby preventing mixing of the 
sample 

Reusable (minimises disposal 
requirements) 

Designed to allow quick transfer of 
sample to shielded packaging (reduces 
operator exposure time) 

Easily decontaminated 

Can withstand highly alkaline 
environments 

Designed to access tanks through small 
access ports – samplers provide shielding 
over the tank access port 

Hand-manipulated, albeit from distance – 
dose mitigation should be considered, 
especially when handling sample 

Ponar dredge 
[85] 

 

Sludge and 
sediment 

LLW / ILW Contains paired jaws that penetrate the substrate and close to 
retain the sample.  Sample volume ranges from 0.5 to 3.0 L.  
Weight of the dredge causes it to penetrate the substrate 
surface.  The slack in tension unlocks the open jaws and allows 
the dredge to close as it is raised. 

Reusable, although will require 
decontamination 

Can sample a range of sediment from silt 
to granular material 

Available in a range of sizes and weights 
(i.e. hand or crane operated) 

Collected sample has to be transferred to 
a suitable container, therefore 
representing a dose / contamination risk 

Cannot collect undisturbed samples 

Decontamination can be difficult 
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Technique Image Media Waste 
type 

Description Advantages Disadvantages 

Diamond drilling 
May also be 
known as 
concrete coring 
or concrete 
drilling 
(Photograph from 
Wood archives, 
bioshield wall 
coring) 

 Concrete and 
similar material 

LLW / ILW Diamond drilling is a form of core drilling which uses a rotary 
drill with a diamond drill bit attached in order to create 
precisely measured holes.  As diamond is the hardest naturally 
occurring material in the world, it is ideal for creating openings 
in a range of materials including concrete, metal and glass.  A 
diamond drill is a precision instrument, creating clean, accurate 
holes with diameters of between 8 mm to more than 1,500 
mm.  As it is a non-percussive technique, structural integrity is 
maintained around when drilling.  Diamond drill generally runs 
water through the driving shaft to ensure that the workspace 
remains free of dust and to improve cutting performance and 
drill-bit life.  They can be operated in either a vertical or 
horizontal direction depending on the requirements. 

Although diamond drills are primarily used on concrete, it is a 
versatile tool that can be deployed on a range of solid 
materials including glass, metal, stone and tile.  Diamond 
Drilling is utilised in any situation where precise holes are 
required including creating large openings for ducts, smaller 
holes for pipes or wiring, creating holes for the placement or 
anchoring bolts, or even for concrete sample analysis.  Holes 
can be created to an almost unlimited depth.  [90] 

Allows the recovery of cores of material 
(concrete, metal etc.) 

Use of cooling water prevents dust 
generation and cools 

A range of diameters 8 mm to more than 
1500 mm can be drilled 

Specialist corers can be used under water 

Remote operation using specialist corers 
is possible 

There are sub-contractors who are 
experienced in working on licensed 
nuclear sites 

Use of cooling water may lead to cross 
contamination of the outside of the core 

Use of cooling water may lead to loss of 
more mobile radionuclides (e.g. tritium) 
from the outside of the core 

Use of cooling water generates a 
secondary waste 

Core barrel (a consumable) may become 
contaminated and need to be disposed as 
waste 

Requires specialist sub-contractors and 
therefore may be expensive 

Cutting 
(photograph of 
a scissor cutter) 

 

 

Solids - metals LLW / ILW There are commercially available devices (based on standard 
industry equipment) that can be used to cut/shear/grind metal 
items.  Although these are primarily designed for 
decommissioning, they could be used to obtain samples. 

Subdivided into: cold cutting (mainly hydraulic shears) and hot 
cutting – saws, grinders, hand tools. 

The cutting device is positioned around the item to be cut and 
a force applied (by mechanical means) to cut, shear or grind 
the item. 

Hand operated tools such as tin snips or hacksaws can be used 
on smaller items. 

Mechanical devices can apply a large 
cutting force 

A variety of devices are available 

Some devices can be operated remotely 

Minimise direct contact with materials 
thus reducing dose and risk 

Reusable though requires 
decontamination 

Hand operated tools inexpensive 

Could be difficult to access items with 
restricted space 

May be difficult to produce samples small 
enough for handling and analysis at the 
laboratory 

Hand operated tools increase health and 
safety risks and dose to operatives 

Cold cutting can cause closing or 
deformation of sample pipes by crushing 

Hot cutting can impact on volatile 
samples, potential spread of 
contamination by mechanical distribution 
from cutting device. 

Freeze sampling  Granular solids LLW / ILW Liquid nitrogen or brine is used to freeze ground in situ to 
allow high quality undisturbed samples from a wide range of 
loose sand deposits, with their in situ conditions preserved to 
be taken.  The techniques involved driving a buried freezing 
tube into the ground and removing the material from inside 
with a cup auger.  The column of frozen material is pulled out 
the ground. 

Allows the recovery of cores of material  

Preserves the in situ sample conditions 
and stratigraphy of soil 

Can sample a range of sediment from silt 
to granular material 

Specific laboratory set up may be required 
to analyse frozen cores. 

Use of liquid nitrogen introduces 
additional hazards 

Requires specialist sub-contractors and 
therefore may be expensive 

http://mega-techservices.biz/sites/default/files/tool-images/SC3-Cropped-web.jpg
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Technique Image Media Waste 
type 

Description Advantages Disadvantages 

Hollow drilling 
[91] 

 Concrete and 
foundations 
below concrete 

LLW / ILW Hollow drilling is a technique used to collect dust samples from 
the drilled material.  A tungsten-tipped hollow-stem drill bit 
rotates to create hole in the material, allowing any dust 
generated in the process to be extracted through the drill bit 
by a vacuum.  The dust travels to an in-line filter, where it is 
collected in a fill-seal drum to be used as samples.  Samples 
can then be placed in vials for follow-on qualitative analysis.   

The drill holes made are approximately 15 mm in diameter but 
can be larger.  Industrial vacuums using cyclone technology 
and scabbling / shaving machines can be utilised to evacuate 
larger concrete particles for operations with a greater scale [ref 
3].  The cleanable filter systems allow the operator to fill, seal, 
remove and replace the waste drum under controlled 
conditions  

Hollow drilling is a readily used via the New Millennium 
Nuclear Technologies Ltd (NMNT) TRUPRO system, which does 
not require water as a cooling agent, thus precluding the 
creation on liquid radioactive waste via cross-contamination 
[ref 1].   

 

Scalable, inexpensive and fast process 

Typically 15 mm diameter drill holes, but 
can be larger 

Longer drill bit lengths in comparison to 
diamond drilling 

Allows depth profiling by stepped 
incremental sampling through bulk up to 
4.5 m 

Does not require water as a cooling agent 
that may result in liquid radioactive waste 

Drill hole does not require cleaning, as 
dust is collected as only product to be 
used for sampling 

Reduces exposure to radioactive 
particulates 

Works well in many weather conditions, 
including ice, rain and snow [ref 1]. 

Potential for cross contamination remains 
if dust escapes to surrounding land 

Potential for cross contamination between 
samples if filters are not replaced between 
collection of each sample 

Hollow drill bit may not be able to 
penetrate rebar or buried steel plates  

Specialised electric drill cut-off 
mechanism required to preclude 
undesired drilling into nearby structures 
[ref 2] 

Technology is patented by NMNT 
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Table 10-3 Suitability of sampling techniques for different matrices 

 Matrix for sampling 

Sample device Unconsolidated solids Consolidated 
solids Sediments Sludges cohesive non-cohesive 

Auger  ✖ ✖  ✖ 
Concentric tube thief ✖  ✖ ✖ ✖ 
Miniature core  ✖ ✖  ✖ 
Modified syringe   ✖  ✖ 
Trier  ✖ ✖ ✖ ✖ 
Swing jar ✖  ✖  ✖ 
Penetrating probe ✖ ✖  ✖ ✖ 
Split barrel  ✖ ✖ ✖ ✖ 
RSD with bottom scraper ✖  ✖   
Grab sampler ✖ ✖ ✖   
Syringe ✖ ✖ ✖ ✖  
VDS ✖ ✖ ✖   
Ponar dredge ✖ ✖ ✖  ✖ 
Diamond Drill ✖ ✖  ✖ ✖ 
ROV ✖ ✖ ✖ ✖  
Hollow drilling ✖ ✖  ✖ ✖ 
✖ Indicates that the sampling device is incompatible or not designed to sample the target matrix 
✔ Indicates that the sampling device is compatible and designed to sample the target matrix 
 

10.3.4 Sub-sampling ‘in the field’ 

Sub-sampling may be required after the sample has been collected, to reduce 
physical size (to facilitate transport or sample preservation) and / or to reduce hazard 
(e.g. by reducing the total radioactivity) of the material being sent for analysis.  It is 
important that sub-samples are representative of the initial sample collected.  Refer 
to Reference [92] for more details.   

It may not be practicable to sub-sample ‘in the field’ if doing so presents a risk to 
staff (e.g. from external radiation or spread of contamination) or if the sample is 
compromised by sub-sampling, for example by loss of constituents such as volatiles. 

10.3.5 Sample containers and preservation of samples 

Sample preservation is achieved by one or a combination of the following methods:  

• ensuring a suitable material is used for the sample container; 

• minimising contact with the external atmosphere (e.g. use of airtight 
containers); 

• keeping the sample at a low temperature; 
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• chemical stabilisation such as acidification to prevent precipitation of 
determinands from liquid samples.   

Sample containers and stabilisers should be suitable for the analysis required.  More 
than one container may be required in a programme involving a broad analytical 
suite.  Specific situations include: 

• where chemical as well as radiological analysis is to be undertaken; 

• where the sample contains volatile components (e.g. tritium, C-14-labelled 
gases, VOC) and / or semi-volatile organic compounds (SVOC); 

• where there is a risk of biological degradation; 

• where constituents to be analysed can adsorb onto the walls of the container; 

• where the form of the sample means ‘standard’ containers may not be the 
most appropriate.  An example might be a large concrete core. 

Specific guidance should be sought from the analytical testing laboratory on which 
containers and preservation methods are appropriate for different determinands.  
Further general guidance for radiological analysis can be found in Table 6.1 of [6]. 

Arrangements for the preservation of samples during storage should be made before 
sampling begins.  This includes preservation both at the sampling location and in the 
storage area before dispatch to the laboratory.  Keeping the sample at a low 
temperature can be achieved using a combination of ‘cool boxes’ (with ice packs in 
the field for temporary storage before transfer to the refrigerator) and refrigerators.  
Depending on the specific circumstances, it may be necessary to bring a refrigerator 
into the work area specifically for the storage of samples. 

An important issue for nuclear sites is to ensure that samples are dispatched to the 
analytical testing laboratory in a timely manner.  In many cases, this will be an off-site 
commercial analytical testing laboratory.  Guidance on maximum recommended 
storage times for different chemical determinands can be found in Table 6.1 of 
Reference [6]; for radiological analysis, the laboratory that will undertake the analysis 
should be consulted.  It may be necessary to develop / change existing site 
procedures on the dispatch of samples from site to meet maximum recommended 
storage times.   

Difficulties (and therefore need for further planning) may arise where the site requires 
samples to be analysed for radioactivity content within their own facility before 
dispatch off site.  This not only delays dispatch but may also compromise 
preservation if samples need to be sub-sampled.  Consideration should be given to 
the taking of duplicates at the time of sampling to allow on-site analysis without 
compromising samples to be analysed off site. 
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Poor practice, such as exceeding maximum recommended sample storage times, 
could invalidate results and lead to challenges on data quality. 

10.3.6 Labelling of samples 

Samples should be labelled with a unique sample identifier (ID); this is a fundamental 
requirement of the sampling, analysis and reporting process.  Good labelling practice 
is a key component in meeting quality objectives and can also help to expedite the 
sampling and analysis process by improving clarity and reducing the potential for 
errors.  Box 10-7 lists some sources of information on labelling samples. 

Box 10-7 Sources of information on sample labelling and CoC 

• ASTM D4840 Standard Guide for Sample Chain-of-Custody Procedures, Section 6.2.3 
[93] 

• MARSSIM, Section 7.8 [81] 

• SAFEGROUNDS – Good Practice Guidance for Site Characterisation, Section 8.6 [8] 

• BS ISO 18589-2:2015, Measurement of radioactivity in the environment - Soil, Part 2: 
Guidance for the selection of the sampling strategy, sampling and pre-treatment of 
samples, Section 8.4 [94] 

Sample IDs should be as short as practicable while still including sufficient 
information to distinguish between samples.  The sample label should be unique and 
any duplicates identifiable.   

At an early stage, consideration should be given on how best to label samples 
collected on a site that operates an electronic data record system.  The naming 
conventions associated with these systems can lead to long / complex sample IDs 
that are not meaningful to the sample collection team (hence increasing the potential 
for error) and could cause issues in the analytical laboratory as they may exceed field 
size limits in an analytical laboratory’s sample management database.   

Good practice in labelling samples includes the following. 

• Sample labels should be legible and permanent.  The use of pre-printed or 
even auto-labelling (e.g. barcoding) systems over hand written labels should 
be considered. 

• The label should be applied to the sample container either before or as soon 
as possible after collection of the sample.  Avoid applying a label just to the lid 
of a container as lids will be removed from containers during the analysis 
stage.  Avoid large labels that ‘swamp’ the sampling container and prevent the 
analyst being able to see the sample. 
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• Consider including site and date information in the label, although be aware 
that some sites may require that the location of samples to remain 
anonymous. 

• Where there are known or potential hazards, the appropriate ISO warning 
label(s) should be applied to the sample containers. 

Consider where labelling should be placed.  It is unlikely that placing a label directly 
upon the surface of a sample will prove beneficial.  Instead, it may be helpful to 
provide instructional information on the label to assist the analytical approach.  For 
example, provide details of which part of a pipe sample contains scale requiring 
analysis, rather than placing a label directly upon the area to be sampled.  In some 
instances, annotated photographs or sketches may be provided to accompany the 
CoC. 

10.3.7 Records made during sample collection 

All relevant sampling details should be recorded as soon as possible after sampling.  
Information required is likely to be project-specific.  A standardised pro-forma record 
format should be agreed, and each member should be briefed on what information is 
required and how this should be recorded.  Examples of information to be recorded 
during sample collection are given in Box 10-8.   

It is recommended that any records taken in the field are transferred to a suitable 
electronic format as soon as possible.  Rugged electronic notebooks are available and 
the appropriate use of these should be considered. 
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Box 10-8 Examples of information to be recorded during sample 
collection 

Those items considered more important (or core) are highlighted in bold. 

• The reason for collecting the sample.   

• Date and time. 

• Weather conditions. 

• Staff involved and their roles. 

• Sample location. 

• Work undertaken. 

• Sample collected.  Sample ID. 

• Form of the primary material and form of collected sample. 

• Preservation details. 

• Any field monitoring undertaken and significant findings. 

• Significant variations in the work from the scope. 

• Health, safety, quality or security information. 

• Photographs/pictures. 

• What methods were adopted if the primary method of collecting a sample 
detailed in the SAP was not possible? 

• Any opportunistic information revealed during sampling. 

10.3.8 Sample storage, dispatch and transport 

On-site storage prior to dispatch for analysis at an on-site or commercial off-site 
laboratory is likely to be required if there is an extended period of sampling.  Samples 
should be stored securely with appropriate measures in place to restrict access to 
required staff.  Radioactive materials will require site-specific storage arrangements 
to comply with relevant permitting requirements.  Clarification of these requirements 
should be sought from the appropriate on-site personnel and recorded within the 
SAP.   
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There are two possible approaches to dispatching samples to the analytical testing 
laboratory: 

• Sufficient prior knowledge / characterisation / monitoring is available to 
enable the sample to be cleared as exempted from regulations relevant to the 
transport of radioactive materials.   

• The sample is dispatched as radioactive material.   

Site-specific procedures should be followed for any movement of radioactive material 
within the boundary of the nuclear site.  Site-specific procedures will also apply to 
dispatch of radioactive material from site to an off-site laboratory.  Guidance should 
be sought from the relevant site Radiation Protection Advisor (RPA) / Accredited 
Health Physicist / Dangerous Goods Safety Advisor (DGSA). 

If samples are dispatched as radioactive material within the UK, the laboratory 
receiving the package should be appropriately permitted to receive such material 
under RSR: EPR16 or EA(S)R18.  The package should be compliant with laboratory’s 
CFA and certified where applicable.  Only a limited number of analytical laboratories 
hold the required permit to accept and analyse radioactive materials.  The maximum 
inventory that can be held depends on the laboratory’s specific permitting conditions, 
as does the maximum activity of an individual sample that can be processed.  On 
occasion, this may limit the volume or mass of a sample or the number of samples 
that can be dispatched at any one time.  The laboratory should have suitable 
arrangements to securely store the samples.  Communication with the receiving 
laboratory is essential. 

The persons responsible for the movement of hazardous material should always be 
consulted to understand any specific transport requirements before sampling.   

• Some site operators may require radioactive material transport regulations to 
be followed even if material is being moved on-site or for movement of 
exempt material off site. 

• All potential hazards should be assessed regarding consignment of hazardous 
materials by road.  Although radioactivity is often the main concern when 
transporting samples, hazards from non-radiological contaminants or 
constituents (e.g. asbestos) should always be considered.   

Regulation for the transport of radioactive materials is presented in subsection 2.2.3.  
In addition, ONR provide guidance on the transport of radioactive materials under 
CDG09 [95].  For off-site transport, the sample consignor should ensure that the 
courier being used for transport complies with the regulations and guidance. 
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10.3.9 Chain of custody 

A robust CoC ensures an auditable trail through the collection, transport and analysis 
of samples.  The CoC form is generally produced either at the point when samples are 
transferred between project entities or when samples are made ready for off-site 
transport to the analytical testing laboratory.  The batch of samples for transfer or 
analysis should be accompanied by the original signed CoC form.  A copy should be 
retained by the characterisation project.  Box 10-9 provides information on the 
content of a CoC, which should be cross-checked against sample identification 
numbers before dispatch.  In addition to sample names and analysis required, the 
CoC may also provide detailed instructions to the analytical testing laboratory.  
Preferably, these should have been agreed beforehand. 

Box 10-9 Content of a CoC form 

The CoC should provide all relevant details to the receiving laboratory, which should 
include: 

• the number of samples and their form; 

• sample identification numbers; 

• sampling or reference dates; 

• sample hazards; 

• sample preservation requirements in the analytical testing laboratory; 

• sample preparation requirements, including the approach to homogenise samples prior 
to sub-sampling; 

• analytical schedule for each sample: the list of determinands; 

• the analytical technique to be used for each determinand, applicable method statement 
(including UKAS accreditation if appropriate), detection limit and reporting 
requirements. 

The CoC form may also include other details such as: 

• site information; 

• Purchase Order number; 

• turnaround time required (which may be important for samples with a limited storage 
time); 

• disposal route for the samples - this may also specify a sample retention time; 

• contact details; 

• any changes between what has previously been agreed and new requirements; 

• for overseas transfer, the CoC will need to include export information and safeguard 
details. 
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The laboratory should inform and discuss the analysis with the sample provider if 
there are discrepancies on the CoC.  For example: 

• labels on samples do not match those on the CoC; 

• missing samples, or additional samples not listed on CoC; 

• insufficient sample for analysis and / or to reach some or all LoDs; 

• ambiguous testing requirements specified; 

• samples are unsuitable for the specified testing (e.g. unanticipated or mixed 
sample matrices received); and / or 

• samples appear damaged or to have deteriorated. 

US EPA QA Handbook Vol.  2, ‘Sample Handling and Custody’, Revision 1, Section 8.2 
[96] provides further information on sample CoC procedures. 

10.4 Analysis 

10.4.1 How to select the analytical testing laboratory 

There are several criteria to consider when selecting an appropriate laboratory to 
undertake the required testing.  Box 10-10 gives additional sources of information. 

Box 10-10 Sources of information for laboratory selection 

• BS EN ISO / IEC 17025:2017 General Requirements for the Competence of Testing and 
Calibration Laboratories [97] 

• MARSSIM, Section 7.4 [81] 

• Multi-Agency Radiological Laboratory Analytical Protocols Manual (MARLAP) Chapter 5 
[98] 

• SAFEGROUND – Good Practice Guidance for Site Characterisation,  
Section 8.8.1 [8] 

ISO 17025 accreditation – Accreditation demonstrates that the laboratory operates 
a quality management system, is technically competent and is able to provide reliable 
data.  Ongoing conformity with the ISO 17025 standard is independently assessed by 
an independent accreditation body (UKAS in the United Kingdom) on a regular basis. 

Good practice is to use accredited laboratories and analysis techniques where 
available.  Consequentially there is a need to establish both whether a laboratory has 
accreditation and also whether the laboratory accreditation covers the specific 
analysis techniques required. 
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ISO 17025 (Edition 3 was published in November 2017) is based around the ISO 9001 
standard, but includes detailed requirements that relate to testing and calibration.  
The requirements of ISO 17025 fall within the following broad categories: 

• impartiality and confidentiality; 

• organisational structure; 

• resources (personnel, facilities, equipment and externally-provided products 
and services); 

• traceability of measurements and calibrations to national / international 
standards; 

• review of requests, tenders and contracts; 

• method selection, verification and validation; 

• sampling; 

• handling of test items; 

• technical records; 

• evaluation of uncertainty; 

• ensuring validity of results; 

• reporting; 

• complaints, non-conforming work, corrective action and improvement; 

• control of data and information management; 

• risks and opportunities; 

• control of documents and records; and  

• audits and management review. 

Accreditation is both method- and matrix-specific, and a comprehensive method 
validation is required for each matrix before accreditation can be gained.  A 
laboratory may be accredited for a specified test on only the more routine matrices 
(e.g. soils, concretes, steels, swabs) but more unusual sample types will likely fall 
outside the scope of accreditation.  For example, there may be a lack of available 
reference materials on which to undertake method validation.  Even where testing is 
not within the scope of accreditation, a laboratory should still comply with the 
requirements of ISO 17025 as far as practicable, and not operate a ‘two-tier’ quality 
system for accredited and unaccredited testing. 

All UK laboratories’ accreditation schedules are readily available through the UKAS 
web-site. 
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Quality System.  Does the laboratory have documented procedures and SQEP 
personnel? The ISO 17025 standard specifies requirements for documented processes 
and procedures, and demonstration of the competence of personnel.  A laboratory’s 
UKAS accreditation should give confidence that these requirements are met.  
Curriculum vitae for key staff should be readily available from the laboratory on 
request. 

Quality Control.  What QC samples are analysed and reported? QC samples analysed 
should include method / reagent blanks, control samples (matrix-matched wherever 
possible) and duplicates.  Be aware that field-trip blanks that may be submitted to 
the laboratory would typically be treated as additional samples, so would be analysed 
at the customer’s cost.   

Proficiency Exercise Performance.  Has the laboratory attained acceptable 
performance in inter-laboratory comparisons or proficiency test exercises? It is a 
requirement of ISO17025 that a laboratory participates in such exercises, and its 
performance in them is monitored as part of ongoing accreditation assessment.  
Radionuclide measurement proficiency exercises are regularly organised by NPL, IAEA 
and LGC Ltd 27.  These exercises provide a means of checking the modelling 
techniques that are being used to calculate detection efficiencies and provide a 
means by which the participants can demonstrate their measurement capability.  
Chemical analysis exercises include those offered by Fera Science Ltd (Fapas) and LGC 
Ltd (Aquacheck and CONTEST).  Competence in provision of proficiency test exercises 
can be demonstrated by accreditation to the ISO / IEC 17043 standard. 

Experience in performing similar analysis.  Has the laboratory previously undertaken 
the testing required on similar sample matrices? If not, can the laboratory provide 
sound technical justification for their proposed methodology to give confidence that 
the resulting data will be defensible? 

Laboratory capacity.  Does the laboratory have the capacity to undertake the 
specified testing in accordance with the required schedule?  Changes to sampling 
schedule may have a knock-on effect on the timescale for testing.  It is therefore 
important to keep the laboratory informed as to any changes in scheduling. 

Laboratory location.  A local laboratory may facilitate the prompt transfer of samples, 
which is particularly important where recommended sample hold times are short (e.g. 
for analysis of volatile organic compounds). 

 
27  For example, NPL has routinely run Nuclear Industry Proficiency Test Exercises to 

enable laboratories involved in the clearance and sentencing of bulk waste to test their 
measurement procedures.  The exercise involves the circulation of a ‘standard drum’ to 
the exercise participants, who then assay and report their measurements back to NPL.   
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Price of analysis.  Which laboratory is the most economically advantageous overall, 
taking account of the quality requirements? A laboratory may offer reduced pricing 
for larger ongoing projects or framework agreements. 

Open source permit. A laboratory requires a Radioactive Substances Regulation 
permit under the EPR16 or EA(S)R18 to receive and process radioactive samples, and 
to accumulate and dispose of any waste generated as a result.  This applies both to 
the radiochemistry laboratory and also to any laboratory that may undertake 
chemical or physical testing of radioactive samples. 

Other services.  Does the laboratory offer other services in addition to the testing 
itself (e.g. courier transport of samples, provision of containers, additional 
consultancy / advice). 

10.4.2 Sample homogenisation, sub-sampling and pre-treatment 

Because the sizes of samples or sub-samples collected in the field (see subsections 
10.3.310.3.4 to 10.3.5) are generally much greater than the size needed for laboratory 
analysis, the analytical testing laboratory generally has to undertake further sub-
sampling as part of the sample preparation step.  The objective is to ensure that the 
material analysed is representative of the samples submitted to the analytical testing 
laboratory.  Detailed guidance on laboratory sample processing and mass reduction 
methods associated with laboratory analytical subsampling practices is given in [99].  
It is good practice to stipulate sample preparation requirements, including the 
approach to homogenise samples prior to sub-sampling in the analytical testing 
laboratory.  See Box 10-9. 

Where full homogenisation in the analytical laboratory is not practicable, use of 
gamma spectrometry measurement on the whole sample and all subsamples 
generated can give assurance that subsampling is representative, or otherwise allow 
correction factors to be applied to results from subsamples of varying activity.  The 
additional gamma spectrometry measurements will, however, add to the overall cost 
of the analysis.  This technique also relies on the presence of at least one gamma-
emitting radionuclide in readily measurable activity concentrations in all subsamples, 
and that the radionuclide fingerprint is consistent throughout the whole sample set. 

Further pre-treatment of subsamples will depend on the analysis required.  Some 
analysis may be undertaken directly on the as-received sample material with no 
further pre-treatment, typically for the more volatile determinands (e.g. H-3, C-14 and 
volatile organics) and for some determinands that could be lost during the 
conventional acid digestion procedures (e.g. Cl-36 and I-129).  Other determinands 
such as actinides, Sr-90, Fe-55, Ni-63 and stable metals are usually analysed via acid 
digests / leachates of dried sample material.  Some laboratories may employ high 
temperature fusion techniques with a salt, such as lithium metaborate, as an 
alternative to acid digestion. 
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Box 10-11 Sources of information on sample pre-treatment 

• MARLAP Chapter 12 (Sample Preparation), Chapter 13 (Sample Dissolution), Appendix F 
(Laboratory Sub-sampling) [98] 

• Clearance and Radiological Sentencing: Principles, Process and Practices, Sections 7.4.6 
to 7.4.8 [6] 

• Strategy and Methodology for Radioactive Waste Characterization, IAEA-TECDOC-1537, 
Section 5.3 [100] 

10.4.3 Screening analysis (phased approach) 

Radiological characterisation 

In radiological characterisation, screening of samples using gross alpha / beta 
measurement and / or gamma spectrometry is often undertaken to provide a basis 
for selection of samples for further specific radiochemical analysis, and to inform an 
appropriate analysis scheme. 

For example, where samples have high gross alpha activity, and / or where Am-241 is 
detected by gamma spectrometry, further testing for plutonium and other actinides 
may be appropriate.  Where gross beta activity is elevated and / or Cs-137 is 
detected by gamma spectrometry, further testing for Sr-90 may be required.  The 
presence of Co-60 in the gamma spectrum may be used as an indicator that Fe-55 
and / or Ni-63 may also be present and therefore need to be quantified. 

The limitations of these screening techniques need to be understood.  Gross 
alpha / beta measurement by proportional counting is only useful for screening for 
medium to high energy beta emitters.  H-3, C-14 and Pu-241 (low energy beta) and 
Fe-55 (electron capture) have very low counting efficiencies on this type of detector.  
Gross beta analysis by liquid scintillation counting can be used as an alternative 
where low-energy beta emitters are suspected to be present, but it should be borne 
in mind that any leachate or acid digest obtained from most sample matrices are 
likely to be strongly coloured, which leads to quenching effects and a resultant 
reduction in counting efficiency.  Sample dilution may help overcome quenching 
effects but will increase the detection limit.   

In addition, alpha/beta screening techniques are only capable of handling small or 
very small volumes of material, and so it is particularly important that the sample has 
been successfully homogenised before the sub-sample for alpha/beta screening 
analysis is taken.  Acid dissolution or leaching of larger sub-samples, with aliquots of 
the digest taken for testing, is one potential workaround for samples that are difficult 
to homogenise, but limits of detection may be compromised. 

The reported results from gross alpha/beta screening measurements are highly 
dependent on the radionuclides chosen for the gross measurement calibration.  
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Typically, Am-241 or Pu-239 are selected for gross alpha measurement by 
proportional counting.  K-40, Cs-137 or Sr-90 are generally used for gross beta 
calibration in proportional counting, and Cs-137 or H-3 for gross beta by liquid 
scintillation counting.  Due to the variations in counting efficiency, care needs to be 
taken when using the gross results as a cross-check against the sum of individual 
radionuclides determined by other radiochemical techniques.  Consequently, it is 
recommended that interpretation is conducted/reviewed by client SQEP and/or 
SME/IC.   

Chemical characterisation 

Similar approaches can be adopted for chemical analysis.  Examples are given below. 

• Chemical testing kits used in the field to detect the presence of explosive residues 
in a sample.  These field testing kits are straightforward to use (e.g. wipe, 
spray/drop and read results) and result in the detection of explosive residues if 
present.  The detection and identification process requires no technical 
background or special training.  These testing kits are used as a screening 
analysis at locations where explosive residues are potential contaminants of 
concern.  The answer is generally negative, enabling samples to be dispatched 
to analytical testing laboratories without need for restrictions.   

• Hand-held instrument used in the field to detect the presence of VOCs in a 
sample.  These hand-held instruments are simple and easy to use.  They are 
used as a screening technique at locations where VOCs are potential 
contaminants of concern.  If VOC are detected above a trigger concentration 
(to be decided by the user), a sample is collected in a suitable container for 
subsequent quantitative VOC analysis. 

• Laboratory analysis of Total Petroleum Hydrocarbons (TPH).  This TPH screen 
can be used to identify samples that may need more detailed testing, such as 
the TPH Criteria Working Group banded hydrocarbon analysis. 

Box 10-12 provides sources of information on screening analysis. 

Box 10-12 Sources of information on screening analysis 

• SAFEGROUNDS – Good Practice Guidance for Site Characterisation, Section 8.8.5 [8] 

• Clearance and Radiological Sentencing: Principles, Process and Practices, Section 7.4.12 
[6] 

• Inventory of Radiological Methodologies For Sites Contaminated With Radioactive 
Materials (Section 2.1), EPA 402-R-06-007, 2006 [101] 
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10.4.4 Detection limits 

There are many definitions in use for detection limit including: LoD; lower LoD; 
minimum detectable activity; minimum detectable concentration and minimum 
detectable amount.  However, put simply, detection limit means the smallest 
concentration that can be detected with an appropriate level of confidence. 

Detection limit is defined mathematically in terms of a blank or background 
measurement accounting for a standard deviation or uncertainty associated with the 
measurement.  A confidence level associated with the detection limit is usually 
defined.  The laboratory should provide its detection limits in terms of a 
concentration or activity concentration, and provide the end user with a clear 
indication of the (mathematical) definition used. 

Target detection limits for the laboratory should be fit for purpose.  Specifying target 
detection limits that are several orders of magnitude below those really required for 
appropriate characterisation means that the laboratory may take larger than 
necessary subsamples, leading to increased potential for interferences and low 
chemical recoveries.  The laboratory might also unnecessarily employ extended 
measurement times leading to increased overall analysis turnaround times.  Typically, 
a detection limit that is a single order of magnitude lower than the corresponding 
concentration limit for decision-making should be more than adequate. 
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Box 10-13 Sources of information on detection limits 

• L.A.  Currie, Limits of Qualitative Detection and Quantitative Determination, Analytical 
Chemistry, 40, 586-593 (1968) [102] 

• L.A.  Currie, Detection and quantification limits: basic concepts, international 
harmonization, and outstanding (‘low-level’’) issues, Applied Radiation and Isotopes 61 
(2004) 145-149 [103] 

• ISO 11929:2010 - Determination of the characteristic limits (decision threshold, 
detection limit and limits of the confidence interval) for measurements of ionizing 
radiation - Fundamentals and application [104].  This is a useful source as it is also 
referenceable as an international standard 

• IUPAC.  Compendium of Chemical Terminology, 2nd ed.  (the ‘Gold Book’).  Compiled 
by A.  D.  McNaught and A.  Wilkinson.  Blackwell Scientific Publications, Oxford (1997) 
[105] 

• MARLAP Chapter 20 [98] 

• The NELAC Institute, Management and Technical Requirements for Laboratories 
Performing Environmental Analysis: Quality Systems for Radiochemical Testing, 2010 
[106] 

• Clearance and Radiological Sentencing: Principles, Process and Practices, Section 7.4.14 
[6] 

• Limit of Detection – A Closer Look at the IUPAC Definition, Analytical Chemistry, Vol.  
55 No 7, June 1983 [107] 

• Environment Agency, MCERTS Performance Standard for Organizations Undertaking 
Radioanalytical Testing of Environmental and Waste Waters.  Version 1, 2012 [108] 

• Environment Agency, MCERTS Performance Standard for Laboratories Undertaking 
Chemical Testing of Soil.  Version 4, 2012 [109] 

• G.  Gilmore, Practical Gamma-Ray Spectrometry, 2nd Edition, John Wiley & Sons (2008) 
[110] 

10.4.5 Assessment of analytical uncertainty 

All measurements are subject to s that are not perfectly quantifiable, and therefore all 
measurements have uncertainty associated with them.  A measurement result is 
incomplete without a statement of the measurement uncertainty. 

It is a requirement of the ISO 17025 standard [97] that a testing laboratory 
undertakes evaluation of measurement uncertainty, and that the measurement 
uncertainty is reported alongside a test result where it is relevant to the validity or 
application of the result.  When evaluating uncertainty, the analytical testing 
laboratory should take account of all contributions of significance. 

There are two broad approaches to estimate measurement uncertainty: 
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• the modelling approach, often referred to as the ‘bottom-up’ approach; and 

• the experimental approach, often referred to as the ‘top-down’ approach. 

The modelling approach involves identifying and quantifying all sources of 
uncertainty that may be introduced in a specified measurement process.  These 
uncertainty components are then combined to produce an overall measurement 
uncertainty.  Detailed guidance on evaluation of measurement uncertainty by the 
modelling approach is provided in the UKAS document M3003 (The Expression of 
Uncertainty and Confidence in Measurement).  This document is itself based upon, 
and consistent with, the Guide to the Expression of Uncertainty in Measurement 
(often referred to as GUM [111]) compiled by the Joint Committee for Guides in 
Metrology (JCGM).  The modelling approach is typically used for estimating 
uncertainty in radiometric and radiochemical analysis.  Sources of uncertainty that 
may contribute to the overall uncertainty for a radiochemical test include, but are not 
limited to, the following: 

• counting statistics;  

• uncertainties associated with instrument calibrations; 

• uncertainties associated with radionuclide standards; 

• uncertainties associated with the sample quantity analysed; and 

• uncertainties associated with radionuclide half-life values. 

Uncertainty due to sampling strategy is discussed separately in subsection 10.2.3. 

The experimental approach does not rely on knowledge of individual sources of 
uncertainty; instead, it makes use of experimental data associated with the specified 
measurement process to estimate the uncertainty.  The process precision is estimated 
from the standard deviation or range of repeat measurements of control samples 
that have been passed through the measurement process.  The uncertainty 
associated with the process bias is estimated from repeat measurements of samples 
of known concentration; for example, from certified reference materials or from 
measurements of at least six samples analysed in proficiency tests.  The experimental 
approach is typically used for estimating uncertainty in chemical analysis. 

The overall uncertainty determined by either of the two approaches is normally 
multiplied by a coverage factor, k, to obtain an expanded uncertainty.  The value of k 
is dependent on the required confidence interval, with k=2 corresponding to the 
most frequently utilised [approximately] 95% confidence interval. 

Box 10-14 lists some sources of information on measurement uncertainties. 
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Box 10-14 Sources of information on measurement uncertainties 

• BS EN ISO / IEC 17025:2017, General Requirements for the Competence of Testing and 
Calibration Laboratories, Section 7.6 [97] 

• UKAS, M3003, The Expression of Uncertainty and Confidence in Measurement, Edition 
3, November 2012 [112] 

• BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML, JCGM 100:2008, Evaluation of measurement 
data - Guide to the Expression of Uncertainty in Measurement.  Joint Committee for 
Guides in Metrology, First Edition, September 2008 [113] 

• UKAS LAB 12: The Expression of Uncertainty in Testing, Edition 2, 2016 [114] 

• S.  L.  R.  Ellison and A.  Williams (Eds.), Eurachem / CITAC Guide, Quantifying 
Uncertainty in Analytical Measurement, Third edition, 2012 [115] 

• Eurolab TR 1, Measurement Uncertainty Revisited: Alternative Approaches to 
Uncertainty Evaluation, Eurolab, 2007 [111] 

• Nordtest TR 537, Handbook for Calculation of Measurement Uncertainty in 
Environmental Laboratories, Version 3.1, May 2012.  [116] 

• BS ISO 11352:2012, Water quality - Estimation of measurement uncertainty based on 
validation and quality control data, 2012 [117] 

• BS ISO 21748:2017, Guidance for the use of repeatability, reproducibility and trueness 
estimates in measurement uncertainty evaluation, 2017 [118] 

• Good Practice Guide No.  11, A Beginner’s Guide to Uncertainty of Measurement, 
Stephanie Bell, NPL, 2001 [68] 

• Good Practice Guide No.  36, Estimating Uncertainties in Testing - An Intermediate 
Guide to Estimating and Reporting Uncertainty of Measurement in Testing, Keith Birch, 
British Measurement and Testing Association, 2003 [70] 

• Strategy and Methodology for Radioactive Waste Characterization, IAEA-TECDOC-1537, 
Sections 3.3 and 3.4 and Annex V [100] 

• Protocol for uncertainty evaluation from validation data, LGC/VAM/1998/ 088, January 
2000 [119] 

• MARLAP Chapter 19 [98] 

10.4.6 Interferences and difficulties in measurement 

Examples of difficulties that may arise in analytical measurements are given below.   

• Chemical interferences in radiochemical separations (e.g. high calcium in 
samples for Sr-90, high iron in samples for Fe-55, high nickel in Ni-63 or 
organic materials).  These issues can usually be overcome with change in 
methodology or adoption of longer count-times/low-background counters to 
accommodate smaller aliquot sizes.  It is recommended that laboratory/client 
SQEP/SME(IC) is consulted prior to analysis since these issues are generally 
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predictable and steps can be taken to optimise the analysis, avoiding the need 
for repeat analysis and consequent impact on analysis timescales. 

• Interferences are more difficult to predict in unusual or less well-defined 
matrices.  For example, the term ‘sludge’ can encompass a wide variety of 
different composition materials which may or may not contain potential 
interferences. 

• Overlapping peak energies in spectra from radiometric measurements.  This 
can occur in alpha spectrometry (Pu-239 and Pu-240 both emit alpha particles 
of around 5.5 MeV)28, gamma spectrometry (U-235 and Ra-226 both emit 
gamma photons of around 186 keV) and liquid scintillation counting (H-3, 
Fe-55 and Pu-241 spectra have overlapping energies).  In some cases, there 
may be an alternative instrument that can be used (e.g. Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS) will resolve Pu-239 and Pu-240 isotopes).  
Where isotopes have multiple emission peaks it may be worthwhile checking 
activity assessments based on several of the peaks and not only the primary 
emission to ensure that the primary peak is not ‘shielding’ another isotope.  
Calculated activities based on separate emission peaks should not be dissimilar 
to those calculated based on the primary peak. 

• Liquid scintillation counting may require complete radiochemical separation of 
individual radionuclides prior to measurement to avoid cross-element 
interference.  Without separation, there is likely to be peak overlap where 
multiple radionuclides are present.  Energy windows may be set in the LSC 
spectrum to attempt to differentiate these radionuclides, but this approach is 
only likely to be successful for mixtures of two or three radionuclides, and is 
generally associated with raised LoDs. 

• Quenching effects in liquid scintillation counting can cause drifting of peaks to 
lower energies, leading to erroneous results and the possibility of 
mis-identifying isotopes.  This is particularly an issue where the final counting 
source is coloured, but chemical quenching can also occur. 

• Chemiluminescence in liquid scintillation counting can lead to false positive 
results. 

• Lack of readily available certified radionuclide standards for instrument 
calibration or use as yield tracers, e.g. Sm-151, Se-79, Ni-59, Am-242m.  For 
calibration of liquid scintillation counters, a nuclide with a beta emission of 
comparable energy or the application of computer codes, for example, the 
Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas 
(CIEMAT) / National Institute of Standards and Technology (NIST) and TDCR 

 
28  Other isotope pairings where alpha spectrometry cannot resolve the individual isotopes 

include U-235/U-236, U-232/U-233 and Cm-243/244.  In these circumstances, it would 
be necessary to resort to a mass spectrometric technique. 
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(triple-to-double coincidence ratio) methods, may be used to estimate the 
counting efficiency (e.g. use of Ni-63 standard for Sm-151 analysis). 

• Spectral interferences in ICP-MS and Inductively Coupled Plasma Optical 
Emission Spectrometry (ICP-OES) measurements.  These occur when peaks 
related to the element of interest overlap with interfering elements.  For 
ICP-OES, these may be overcome by Inter-Elemental Correction (IEC) 
calculations or measurement via alternative wavelengths.  For ICP-MS, 
corrections can often be made by measurement at multiple masses for both 
the element of interest and the interfering element(s). 

 

Box 10-15 Sources of information on interferences 

• Strategy and Methodology for Radioactive Waste Characterization, IAEA-TECDOC-1537, 
Table XII [100] 

• MARLAP Chapter 15 (Quantification of Radionuclides) [98] 

10.4.7 Chemical and Physical Analysis of Radioactive Samples 

There are a limited number of UK laboratories that are able to undertake chemical 
and / or physical testing on radioactive samples, particularly those above VLLW / LLW 
activity levels. 

Scenarios can arise where potential radiological and chemical hazards can impede 
testing, in that a chemistry laboratory may require details of the radiological analysis 
before their own analysis can proceed, but the radiochemistry laboratory may need 
details of chemical hazards before commencing analysis, creating a ‘Catch 22’ 
situation.  Examples include: 

• analysis of waste that may contain asbestos, where the latter can be present 
not only as a fibre (e.g. pipe insulation) but also as asbestos-containing 
materials such as floor/ceiling tiles and gaskets in legacy wastes.  As a 
solution, at least one radiochemistry laboratory now offers analysis of 
asbestos on potentially radioactively contaminated samples; 

• analysis of waste that may contain residues of explosive compounds.  The 
radiochemistry laboratory would require assurance that samples do not 
contain explosives at levels that may prove hazardous during the analysis (e.g. 
during the drying / grinding stage of sample preparation).  The use of field-
test kits to screen samples for hazardous concentrations of explosives prior to 
radiochemistry testing would assist in this scenario. 
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10.4.8 Analytical techniques 

There are a range of analytical techniques that can be applied to a range of 
characterisation objectives and determinands.  Table 10-4 presents the analytical 
techniques and a commentary on their performance29. 

 

 
29  Table 10-4 is based on experience and should not be taken as mandatory or as fully 

exhaustive. It is for the site operator to decide and justify which analytical techniques are 
best-suited to achieve a particular characterisation objective. 
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Table 10-4 Destructive assay analytical techniques and their applicability 

Analytical 
technique Emission type Detector Applicable determinands Advantages / Disadvantages Performance measures 

(LoD, uncertainties) Pitfalls 

Alpha 
Spectrometry 

Alpha radiation Semiconductor Pu-238, Pu-239/240, 
Am-241, Cm-242, 
Cm-243/244, Th-228, 
Th-230, Th232, U-234, 
U-235/236, U-238, Np-237, 
Ra-226, Po-210, Pb-210. 

Low minimum detectable activity.  
Advantageous. 

Long count times (can be as high as days, 
depending on the instrument background 
and source activity). 

Requires complex radiochemistry to 
produce thin sources for counting. 

Cannot distinguish between some alpha-
emitting radionuclides (e.g. Pu-239/Pu-240, 
U-235/U-236, U-232/U-233 and  
Cm-243/244.  In these circumstances, it 
would be necessary to resort to a mass 
spectrometric technique 

Th-228 recoil contamination and ingrowth 
of Ra-226 daughter both have adverse 
impacts with regard to impact on 
instrument backgrounds.  

LoDs typically in the range 0.0001 
to 0.005 Bq/g. 

 

Liquid 
Scintillation 
Counting (LSC) 

Beta (also alpha) 
radiation 

Photomultiplier e.g. H-3, C-14, Sr-90, 
Pu-241, Fe-55, Ni-63, 
Tc-99, Cl-36, Sm-151, 
Pm147, gross alpha and 
beta activities. 

Lower spectrum resolution compared to 
alpha and gamma spectrometry.  Limited 
use for nuclide identification. 

May require element to be radiochemically 
separated before measurement.   

Can be used for gross beta measurement to 
include low energy beta emitters. 

LoDs typically in the range 0.05 to 
1 Bq/g. 

LoDs for Fe-55 and Ni-63 in steels / alloys can be 
limited by the stable element concentrations. 

Potential for quenching and chemiluminescence 
effects leading to erroneous results. 

Gamma 
Spectrometry 

Gamma radiation High purity 
germanium 

e.g. Am-241, Co-60, 
Cs-137, Eu152, Eu-154, 
Eu-155, I-131, 
Np237/Pa-233, Mn-54, 
Nb-94, Nb95, Ra-226, 
Ru-106, Sb-125, U235, 
Zn65, Zr-95, multiple 
nuclides in the U, Th, Ac & 
Np decay series’. 

High Resolution. 

Wide range of radionuclides determined 
simultaneously from a single measurement. 

No complex radiochemistry required, only 
sample preparation / homogenisation. 

Relatively rapid. 

LoDs vary widely with gamma 
emission probability and energy / 
counting efficiency.  Typically sub 
0.005 Bq/g for Cs-137, Co-60 and 
Am-241. 

Sample heterogeneity, particularly where samples 
contain highly localised “hot spots”, or where the 
material is difficult to size-reduce.  Measurement of 
an acid digest can overcome this, but LoDs may be 
compromised as a result. 

Interferences where peaks have similar energy (e.g. 
Ra-226 & U-235). 

LoD affected by overall activity of sample, e.g. high 
Cs-137 or Co-60 will raise LoDs for other isotopes 
present at lower activity concentrations.   

LoD of low energy gamma emission affected by high 
concentrations of higher energy gamma emissions – 
making peaks more difficult to isolate in spectra 
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Analytical 
technique Emission type Detector Applicable determinands Advantages / Disadvantages Performance measures 

(LoD, uncertainties) Pitfalls 

Proportional 
Counting 

Alpha and Beta Gas flow 
proportional 
counter 

Gross alpha and gross beta 
activities. 

May also be used for final 
measurement of nuclides 
such as Sr-90, Cl-36 
following radiochemical 
separation as an 
alternative to LSC. 

Relatively rapid screening method. 

Cannot provide information on what 
isotopes may be present. 

Poor detection efficiency for low energy 
betas (e.g. H-3, C-14, Fe-55, Pu-241). 

LoDs typically in range 0.01 to 0.5 
Bq/g. 

Result dependent on calibration nuclides used. 

Screening technique only - caution required when 
comparing gross results with sum of individual 
nuclides in a sample. 

Some matrices can be analysed directly (e.g. 
concretes, soils), some may require acid leach or 
dissolution (e.g. metals). 

Inductively 
Coupled Plasma 
(ICP)- mass 
spectrometry 
(MS) 

Stable / Chemical Mass 
spectrometer 

Stable metals / cations. 

Long half-life 
radionuclides. 

(e.g. U-238, U-236, U-235, 
U-234, U-233, Pu-239, 
Pu-240, Np-237, Tc99). 

Rapid method – short measurement time. 

Generally lower LoDs than ICPOES (some 
exceptions – including K, Ca, Se). 

Can determine Pu-239 and Pu240 
individually. 

Can determine several of the uranium 
isotopes individually, including U-233, U-
235 and U236. 

LoD increases with decreasing half-life. 

Lower tolerance to dissolved solids than 
ICP-OES so samples may require dilution. 

Up to 80 elements can be determined. 

isobaric interference (the result of equal 
mass isotopes of different elements present 
in the sample solution) increases 
measurement LoD for some radionuclides, 
e.g., Sr-90, Cs-137 

LoDs from parts-per-billion down 
to parts-per-trillion levels. 

 

ICP-Optical 
Emission 
Spectrometry 
(OES) 

Stable / Chemical Charged 
coupled devices 

Stable metals / cations Rapid method – short measurement time. 

Cannot determine uranium isotopes 
individually. 

Higher tolerance to dissolved solids than 
ICP-MS 

Simpler and lower cost than ICP-MS. 

Up to 73 elements measurable. 

Metals typically 1-10 mg/kg. High potential for spectral interference 

Gas 
Chromatography 
(GC)-MS 

Stable / Chemical Mass 
spectrometer 

Organics (TPH, VOC, SVOC, 
Polychlorinated Biphenyls 
(PCB), Polycyclic Aromatic 
Hydrocarbons (PAH)). 

Less sensitive than GC-FID, but preferred 
where identification of unknowns is 
required. 

PCBs 0.5 µg/kg. 

PAH, SVOC 0.1 mg/kg. 

VOC 1-5 µg/kg. 
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Analytical 
technique Emission type Detector Applicable determinands Advantages / Disadvantages Performance measures 

(LoD, uncertainties) Pitfalls 

GC- Flame 
Ionisation 
Detector (FID) 

Stable / Chemical FID Organics (TPH, VOC). Improved sensitivity and reproducibility 
over GC-MS. 

TPH LoD typically 1 mg/kg.  

Ion 
Chromatography 

Stable / Chemical Conductivity, 
electrochemical, 
variable 
wavelength, 
photodiode 
array ion 
chromatography 
detector, or 
mass 
spectrometer. 

Anions (e.g. chloride, 
fluoride, nitrate, nitrite, 
sulphate). 

Cations (including alkali 
metals, alkaline earth 
metals, heavy metals, 
transition metals and rare 
earth metals). 

Complexants used in 
decontamination, such as 
oxalate, EDTA 

Can provide information on speciation in 
addition to quantification. 

Technique does not suffer from spectral 
interferences. 

LoDs in the order of 1 mg/kg.  

High-
Performance 
Liquid 
Chromatography 
(HPLC) 

Stable / Chemical Ultra-violet / 
Visible light, 
photodiode 
array.  Can be 
linked (following 
separation) to 
ion 
chromatography 
detector or 
mass 
spectrometry 

Organics, in particular but 
not exclusively non-volatile 
organics.  In the context of 
this GPG, these include 
hazardous organics, 
complexants and explosive 
residues.  

Quick and automated, but can be costly 
and complex for some determinands. 

Can be complex to identify problems or 
develop new methods. 

Some substances irreversibly adsorbed, and 
hence cannot be detected.  

 If components within the solution are not 
visible by colouring the mixture or 
ultraviolet radiation, efficiency of the 
separation can be difficult to determine. 

LoDs variable, dependent on 
detection method.  From µg/kg to 
mg/kg 

Related to complexity and appropriateness of assay 
techniques, and purity of solvents and reagents 
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Box 10-16 Sources of information on analytical techniques  

• Inventory of Radiological Methodologies For Sites Contaminated With Radioactive 
Materials, EPA 402-R-06-007, 2006 [101] 

• Clearance and Radiological Sentencing: Principles, Process and Practices, Section 7.4 [6] 

• Strategy and Methodology for Radioactive Waste Characterization, IAEA-TECDOC-1537, 
Section 5.3 [100] 

• SAFEGROUNDS - Good Practice Guidance for Site Characterisation, Section 8.8.6 [8] 

• MARLAP Chapter 14 (Separation Techniques) and Chapter 15 (Quantification of 
Radionuclides) [98] 

• Handbook of Radioactivity Analysis, Michael F.  L'Annunziata, Academic Press, 3rd 
Edition 2012 [120] 

• The Radiochemical Manual, Geoff Longworth, Bob Carpenter, AEA Technology, 1998 
[121] 

10.5 Emerging technologies 

This GPG considers only established characterisation technologies, as these have 
known applications and could therefore be considered as ‘good practice’.  The 
document does not consider emerging technologies (i.e. technologies with a TRL less 
than 9).  However, innovative characterisation technologies are being developed and 
trialled, and a selection of the most promising emerging technologies for sampling 
and analysis is presented in Box 10-17. 
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Box 10-17 Emerging technologies for sampling and analysis 

Recent sampling innovations have focused on the development of in-field laser ablation 
sampling; ablated material is trapped on a filter for onward analysis such as gamma 
spectrometry.  For example, see [122] for information on ViridiScope®. 

Novel extractants to selectively extract radionuclides for assessment via 
phosphorescence/fluorescence/liquid scintillation measurement are being developed for 
use in ‘field testing kits’ for operational surveillance, to inform sampling campaigns and to 
optimise laboratory analysis.  A number of researchers are working on these as NDA 
funded PhD studies.  For example, see Abstract 44 in [74].   

Much of the development work is associated with improving laboratory analysis through 
the development of new instrumentation and/or techniques for more rapid separation, 
coupled with automation.  Examples are given below. 

• Automation of Radionuclide Analysis (Separations) – although developed primarily to 
improve/automate throughput in a laboratory, they could also have application in field 
mobile laboratories 

− Automated radiochemical separations using a NiV separator – developed by 
NNL in collaboration with Sellafield Ltd; see Abstract 50 in [74]; 

− Development of improved rapid methodology for the analysis of carbon-14 
(and tritium) in solid decommissioning wastes. 

• Analysis Instrumentation 

− Development and optimisation of ICP-MS for analysis of Sr-90 and Cs isotopes.  
For example, see [123] and [124] 

− Development of Glow-Discharge Mass Spectrometry (GDMS) by Sellafield Lt / 
NNL for multi-element analysis of solid materials (from H to Pu) with minimal 
pre-treatment.  The approach has been tested against the analysis of 
plutonium oxides, but the technique could be developed to analyse 
decommissioning solid wastes such as sludge.  See Abstract 46 in [74] 

− Collinear Resonance Ionisation Spectroscopy, coupled with laser ablation and 
mass spectrometry.  This research tool was developed at CERN – ISOLDE [125], 
but and offers the possibility of a very low-level instrumental technique for the 
detection of Sr-90. 
 

10.6 Summary 

Key points of good practice when characterising waste by sampling and analysis are 
given in Box 10-18.  Box 10-19 presents possible pitfalls. 
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Box 10-18 Characterising waste by sampling and analysis.  Key good 
practice points 

• Ensure the characterisation objectives (Step 2) and information requirements (Step 3) 
are understood before designing the probabilistic or judgemental sampling campaign. 

• For probabilistic sampling, use software tools (such as VSP) or existing guidance (see 
Box 10-5) to aid the design of the sampling campaign. 

• Use SQEP to collect samples.  See Box 10-4 for suggested attributes.  Agree any 
supervision requirements. 

• Ensure the analytical testing laboratory is suitable for the required analyses. 

• Ensure the approach to sample homogenisation and pre-treatment by the analytical 
testing laboratory is both defined/agreed and is suitable for the required analysis.   

• Make appropriate use of field-based and laboratory screening analysis to select 
samples for detailed analysis. 

• Ensure the SAP presents all necessary information.  See Box 10-3 for suggested section 
headings and illustrative content. 

• Produce a suitable CoC form to accompany samples during transport and analysis.  See 
Box 10-9 for suggested content. 

 

Box 10-19 Characterising waste by sampling and analysis.  Possible pitfalls 

• Using inappropriate sampling tools for the materials to be sampled or the 
measurements to be made.  See Table 10-2. 

• Using inappropriate sampling strategies: probabilistic sampling patterns that introduce 
bias or judgemental sampling in the absence of sufficient information or if SQEP are 
not available for the decision on where to sample. 

• Various labelling pitfalls: not using unique sample numbers; labelling only the lid of the 
container; labels losing legibility, and; not labelling at the time of sample collection. 

• Failing to engage with the analytical testing laboratory before sample collection.  Could 
result in use of inappropriate sample containers, preservation techniques or storage 
times.  All could put into question or invalidate subsequent analytical results. 

• Failure to ensure that the laboratory has the necessary permits to accept the samples, 
and failure to notify analytical testing laboratory prior to sample dispatch.   

• Specifying inappropriately high or low limits of detection. 

• Failure to ensure that the estimates of uncertainty provided by the analytical testing 
laboratory include all contributions of significance (e.g. not just counting error). 
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11 Interpretation, presentation and management of 
information 

Box 11-1 Aims of Chapter 11 

The aims of the chapter are to: 

• understand how data may be interpreted and assessed; 

• understand how uncertainty should be managed and what level of uncertainty is 
acceptable; 

• provide guidance on data verification and validation; and 

• provide guidance on the management and presentation of characterisation data. 

11.1 Introduction 

This chapter provides guidance on the interpretation, presentation and management 
of information.  The approach recommended is consistent with that given in existing 
guidance on the subject (e.g. references [6] and [126]).  At this step (Step 10) in the 
waste characterisation process, the premise is that appropriate information has been 
collected to enable the characterisation objective to be achieved.   

Subsection 11.2 describes and provides guidance on reviewing and assessing 
information obtained from characterisation activities.  This is undertaken to 
determine the suitability of newly collected information for its intended purpose. 

Subsection 11.3 describes and provides guidance on data interpretation, with focus 
on uncertainties.  The appropriate interpretation of data is vital to a successful waste 
characterisation campaign, and it is important that data are interpreted by SQEP who 
understand the project CP and characterisation objectives.   

Subsections 11.4 and 11.5 describe and provide guidance on presentation and 
management of information.  Effective presentation helps to explain information and 
its interpretation to stakeholders.  Effective management ensures retention of records 
for as long as required by company procedures and regulatory requirements. 

SQEP interpreting new characterisation data should remind themselves of the content 
of Chapter 5 in this document, which concerned review and evaluation of existing 
information.  Many issues are common to both existing and new information. 

11.2 Reviewing the new information 

The first recommended activity is to review the characterisation objectives and CP.  If 
the process described in Chapter 4 has been followed, this should provide assurance 
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that the original characterisation objective remains valid and allows the data 
collection activities to be reviewed for consistency with the objectives.   

The second activity is data validation and verification.  These are methods used to 
accept, reject or qualify data in a consistent manner.  Data verification ensures that 
the characterisation data requirements identified in the CP and SAP have been 
captured.  Data validation ensures that the characterisation results meet the criteria 
defined in the CP and support the characterisation objectives.  Activities that could be 
undertaken during data validation and verification are presented in Box 11-2. 

Box 11-2 Data verification and validation activities 

Data verification 

• Confirming that the characterisation activities outlined in the CP have been undertaken 
in line with operating procedures.   

• Checking to ensure data has been transcribed accurately.   

• Recording and tracking performance of measurement and sampling equipment. 

• Independently auditing the data, document and equipment. 

Data validation 

• Validating that the data meets the data requirements outlined in the CP.  Requirements 
may include the number of samples taken, minimum detectable concentrations and 
measurement uncertainties. 

• Qualifying whether the data are acceptable or not by identifying errors, inconsistencies, 
etc.   

• Ensuring corrective actions have been taken where necessary (e.g. recalibration of 
equipment). 

The method of conducting the verification and validation will be specific to each 
waste characterisation campaign.  The method will also depend upon the type of 
information requiring verification and how the information has been obtained (e.g. 
the measurement technique) and how the data were recorded / transferred.  
Methods may include: spot checks of values or formulae within a worksheet; 
independent recalculation of values; or repeatability tests  

The resources used to verify and validate the data should be proportionate to the 
characterisation campaign and the objectives of the project.  For example, final 
characterisation of a waste stream to ensure it meets the WAC of an operating facility 
will likely require more stringent verification than results from an initial scoping study. 

Preliminary checks are likely to be completed by members of the characterisation 
team.  However, independent checking should be conducted by unbiased SQEP in 
order to ensure the quality and relevance of the data.  Preferably, verifiers would have 



 
 

Solid Waste Characterisation Good Practice Guide 
Page 207 

 

a good knowledge of the characterisation process and an understanding of the 
context of the characterisation project.  Some waste characterisation activities may 
necessitate external verification from stakeholders such as regulators, and this should 
be considered when recording / presenting data to ensure that data are logically 
recorded with appropriate supporting documentation to allow examination. 

11.3 Interpretation of information 

11.3.1 Understanding uncertainties  

Uncertainty is an underlying feature of any waste characterisation campaign.  It arises 
at all stages in the characterisation process, from creation of an initial conceptual 
model of the facility or surrounding land to analysis and interpretation of results.  
Box 11-3 presents the main sources of uncertainty in waste characterisation.  
Generally, uncertainties associated with the selection of locations for measurement 
(either by in situ means or by sampling) have the greatest contribution to overall 
uncertainty.  Uncertainties associated with analytical analysis generally have the 
smallest contribution. 
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Box 11-3 Sources of uncertainty in waste characterisation data 

The main sources of uncertainty are listed below.  Sources of generally higher uncertainty 
are presented first.   

• Uncertainty due to sampling.  This is relevant both to the collection of samples and the 
selection of locations for non-destructive assay.  Unless 100% of the waste is analysed, 
which is generally impracticable, the true mean of the population cannot be 
determined.  Uncertainties arising from the sampling strategy are often likely be 
significantly greater than measurement uncertainties.  As discussed in subsection 
10.3.2, probabilistic strategies and statistical methods can be utilised to quantify these 
uncertainties.  These uncertainties include random and systematic errors. 

• Uncertainties associated with data interpretation.  Uncertainties resulting from 
modelling of measurements should be identified and evaluated.  Confidence levels can 
be established in modelled concentrations that have been interpolated or extrapolated 
from relationships established from an understanding of spatial variation.   

• Uncertainty in assumptions.  An incomplete understanding of the waste being 
characterised and the processes that produced it will lead to uncertainties in the 
assumptions being utilised in the conceptual model, usually described as ‘conceptual 
uncertainties’.  Approximations may be derived from measurements or calculations 
based on a subset of materials, locations and samples.  Reduction of this uncertainty 
may be achieved from further characterisation of the contributory features within the 
conceptual model or stochastic modelling to ascertain bounding limits to those 
assumptions (or a combination of both, where further characterisation work is used to 
calibrate and inform models).   

• Uncertainty in measurement/analysis.  The analytical testing laboratory will provide the 
overall uncertainty for every analysis undertaken in the laboratory.  Provided the 
samples analysed are representative of material at the point of sampling, no further 
evaluation of uncertainty by the site operator is needed.  Uncertainties also arise for 
non-destructive assay in the field.  See Table 9-1 for a list of relevant gamma, neutron, 
chemical and physical methods.  It is likely that the site operator will need to determine 
the overall uncertainty of such measurements/analyses.  Guidance on measurement 
uncertainty is available in Reference [68]. 

Sources of uncertainty should have been recorded at each step in the waste 
characterisation process, so the assessment should begin by compiling this 
information.  It will be beneficial to categorise the sources of uncertainty as either 
‘potentially significant’ or ‘negligible’.  An understanding of these errors, combined 
with the use of statistical techniques, allows the overall ‘uncertainty budget’ 
associated with characterisation measurements to be calculated.   

An introduction to understanding uncertainties, including a step-by-step guide to 
calculating an ‘uncertainty budget’ (see Box 11-4), is given in ‘A Beginner's Guide to 
Uncertainty of Measurement’ [68].  This reference includes a worked example for 
deriving the uncertainty budget for measuring a piece of string.  The approach and 
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steps taken are directly relevant to characterisation of waste, so it is recommended 
that readers new to the topic start with Reference [68]. 

Box 11-4 Uncertainty budget  

An ‘uncertainty budget’ is an itemised table of components that contribute to the 
uncertainty in measurement results.  It enables uncertainty to be analysed using a well-
organised, structured approach.  Guidance on calculating overall uncertainty is presented in 
subsection 11.3.3.  The benefit of producing an uncertainty budget is that it provides a 
formal record of the characterisation process which can be shared with other users of the 
characterisation information. 

The uncertainty budget illustrates the effect of different sources of uncertainty on overall 
uncertainty.  There is little merit in reducing uncertainty of only one contribution to overall 
uncertainty, at high cost, when more significant factors remain or where the level of 
uncertainty is acceptable in the context of the intended use of the characterisation data 

11.3.2 Acceptable levels of uncertainty 

The acceptable level of uncertainty in a waste characteristic depends on the purpose 
of the characterisation campaign and the use to be made of the information30.  
Confidence dictates the magnitude of the stated uncertainty.  Issues to be considered 
include the following. 

• Stage of waste management.  In general, uncertainties should progressively 
decrease as waste is managed.  The level of confidence will generally be higher 
when waste is due to be disposed than during a preliminary scoping study.   

• Numerical requirements.  The acceptable level of uncertainty may be defined in 
regulation or other controlling guidance procedures.   

• Consequences of a wrong decision.  For example, underestimating radionuclide 
concentrations could result in:  

− regulatory consequences, due to waste being wrongly consigned and 
environmental permits for the receiving site being breached; 

− stakeholder consequences, as a result of loss of confidence in the site 
operator; 

− business consequences, for example because of incorrect consignment of 
waste or because a waste processing plant is designed on the wrong basis; 

− environmental consequences, for example because discharges during 
waste processing are not in conformance with the environmental permit or 

 
30 These key pieces of information were obtained in Step 3 of the waste characterisation 

process and will be recorded in the CP. 
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because future environmental discharges from disposed waste may not 
meet the requirements of the GRA [43] [44]; or 

− safety consequences, for example increased dose to workers during waste 
management activities. 

• Maintaining public and stakeholder confidence.  In general, the public will 
expect accuracy.  Setting uncertainty levels too broadly is likely to reduce 
overall public support for a proposed waste management approach. 

In some applications, a single point estimate will be acceptable31.  In other 
applications, a quantitative understanding of uncertainty is required.  Examples are 
given in Box 11-5.   

Box 11-5 Examples to demonstrate acceptable level of uncertainty for 
different characterisation objectives 

Best estimate, with no requirement to characterise uncertainty (single point estimate) 

• To develop a conceptual model of the facility or surrounding land and identify 
preferred strategic approach for managing the waste. 

• Initial scoping assessments of land quality, to ascertain whether land could potentially 
be considered radioactive waste subject to further assessment.   

• To bound the characteristics of a waste stream, enabling optimisation decisions to be 
made on waste management (optimised packaging, transport, storage and disposal 
solutions). 

Best estimate, with quantitative understanding of uncertainty 

• To enable a decision on waste categorisation (including at the boundary between OoS 
and LLW) to be made at a given confidence level. 

• RWM LoC requirement to identify the credible worst-case package (95th percentile). 

• To demonstrate that land quality meets a specified regulatory requirement (e.g. 
radionuclide contents are below OoS limits). 

It is generally recommended to use a confidence level of 95% when making a 
sentencing decision for clearance as OoS.  Lower confidence levels, in the range of 80 
to 90%, may be appropriate for other sentencing decisions where the consequences 
of a wrong decision are less (e.g. if a waste is sent to a treatment plant that is more 
expensive to operate).  Confidence levels should be agreed with the relevant 
stakeholders (e.g. regulator or operator of a disposal facility) at Step 3. 

 
31  A single point estimate is not appropriate when deciding on the number of samples to be 

collected. It provides no understanding of the variability of the waste. 
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Acceptable levels of uncertainty regarding contaminant concentrations, and how 
uncertainties should be evaluated, is not generally specified by waste receivers.  
However, these uncertainties should be considered in the waste loading limits for 
packages (i.e. a ‘worst case’ scenario where the upper bounds of the uncertainty 
mean that a reduced waste load can be packaged). 

11.3.3 Estimation of uncertainty 

An estimation of all the potentially significant sources of uncertainty is required 
before it is possible to determine the combined (overall) uncertainty or ‘uncertainty 
budget’; see Box 11-4.  Combined uncertainty is one attribute to consider when 
deciding whether characterisation information is fit for purpose.   

The NPL Good Practice Guides, 11, 34 and 36 [68], [69], [70] describe in detail how 
uncertainties should be combined from a general statistical perspective.  Additional 
information on estimating and combining uncertainties is provided in the references 
identified in Box 11-6. 

Box 11-6 Key references for estimating and combining uncertainties 

• Clearance and Radiological Sentencing: Principles, Process and Practices [6] 

• Nuclear Industry Guidance: Estimation and comparison of means for contaminated land 
data [14] 

• MARSSIM [81] 

• Technical Guidance WM3 Waste Classification: Guidance on the classification and 
assessment of waste [15]– specific for sampling strategies 

• BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML, JCGM 100:2008, Evaluation of measurement 
data - Guide to the Expression of Uncertainty in Measurement.  Joint Committee for 
Guides in Metrology, First Edition, September 2008 [113] 

• Measurement uncertainty arising from sampling – A guide of methods and approaches 
2007 [127] 

• NPL Good Practice Guides 11, 34, and 36 [68], [69], [70] 

There are two main approaches to estimate the overall uncertainty in a measurement 
or piece of information. 

1. Experimental approach: uses repeated sampling and analysis, under various 
conditions, to quantify the effect caused by factors such as heterogeneity and 
variation in application of sampling protocol to quantity uncertainty. 

2. Modelling approach: uses a predefined model that identifies each of the 
component part of the uncertainty, making estimates of each component, and 
sums them to make an overall estimate.   
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Box 11-7 presents the advantages and disadvantages of these two approaches. The 
experimental approach tends to be more generally applicable across a wide range of 
material types and does not depend as heavily on prior knowledge of the system or 
all the sources of uncertainty.  The modelling approach leads to a more detailed 
assessment of individual known sources of uncertainty and is more appropriate when 
developing a long-term sampling scheme for a specific well-characterised 
application. 

Box 11-7 Advantages and disadvantages of approaches to estimate 
overall uncertainty 

Experimental approach 

Advantages 

• Calculation does not require any prior knowledge of the nature of the waste being 
sampled. 

• Quick and easy to apply practically. 

• There are at least four options available to allow progressively more accurate (and 
more expensive) estimates of uncertainty, as appropriate – some of these methods can 
allow for systematic error within the estimate of uncertainty. 

Disadvantages 

• Does not necessarily quantify individual components of uncertainty. 

• Not based on a theoretical model of particulate sampling. 

• Gives an approximate value of uncertainty, which is assumed to be constant. 

• Extreme values in the replicate measurements may lead to an overestimate of the 
uncertainty value. 

Modelling approach 

Advantages 

• Allow the largest sources of uncertainty to be readily identified, if it is represented in 
the model. 

• Transparent method of showing which components of uncertainty have been 
considered in the summation of uncertainty. 

• Less costly (if prior information is available) than extensive experimental studies. 

Disadvantages 

• Theoretical predication of uncertainty may require detailed prior measurement of the 
waste and knowledge of how properties vary across the waste. 

• Idealised assumptions have to be made about the make-up of the material. 

• Not all the sources of uncertainty may be identified leading to an underestimate of the 
total uncertainty. 
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Uncertainties associated with the analytical methods are typically round 5-10% of the 
measured value [6].  This is generally much less than the uncertainties associated with 
the selection of sub-volumes of material for analysis.  Therefore, as a general rule, 
total uncertainty in the final characterisation results is more likely to be driven by the 
difficulty of analysing representative samples/volumes from a heterogeneous waste 
than by accuracy in the analysis methods.  This is important because it means that the 
best way to decrease uncertainty (increase confidence) is usually to increase the 
number of samples or non-destructive assay locations.   

The GPG on Clearance and Radiological Sentencing [6] sets out how to calculate the 
number of samples needed to achieve a particular level of confidence.  Other relevant 
guidance includes the US EPA MARSSIM documents [81].  These guidance documents 
are intended to be applied to characterisation to demonstrate clearance levels are 
met but the same statistical approaches can also be applied to other decisions. 

The number of samples required to achieve a particular level of confidence depends 
on the heterogeneity of the waste but also the difference between the activity in the 
waste and the relevant limit used for decision-making (e.g. OoS clearance level).  If 
the activity in a waste is close to the limit, then more samples will be needed to 
achieve the same level of confidence than if the activity was much less than the limit. 

11.4 Presentation of information to the waste receiver 

Presentation of the information gathered during the characterisation campaign will 
vary depending on the project objective.  A wide range of documents will be 
generated as part of a characterisation campaign including plans, records and 
assessment reports.  It is good practice to summarise the work that has been 
undertaken and the results obtained, with a commentary on what they mean and 
how the characterisation objective has been met.  This is usually summarised in a 
Characterisation Report (CR) or equivalent document.   

The CR should provide the evidence demonstrating that the characterisation 
objectives have been met.  It may not be possible to contain all the supporting 
information in the characterisation report and therefore it is important to establish 
clear and accurate references to the supporting information and to ensure that it is 
retained and easily accessible.   

The factors contributing to the overall measurement uncertainty need to be 
presented in the report, together with an assessment of their significance.  It may also 
be beneficial to present quantitative data for some specific components of the 
measurement uncertainty.   

Depending on the characterisation objective, the measurement result will often need 
to be compared with tolerance or regulatory limits (e.g. WAC) to assess compliance 
with a requirement.  Uncertainty should be taken into account when making and 
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reporting these comparisons.  The basic principles of interpreting an uncertainty 
against limits are presented in Box 11-8. 

Box 11-8 Principles for interpreting uncertainty against limits 

• Decide whether the decision requires proof of compliance, proof of non-compliance, or 
a ‘shared risk’ approach, and set an appropriate level of confidence. 

• For proof of compliance, the result and its uncertainty interval must be entirely within 
the permitted range. 

• For proof of non-compliance, the result and its uncertainty interval must be entirely 
outwith (exceed) the permitted range. 

• For shared risk approaches, a range of acceptable measurement results based on the 
permitted interval, adjusted to provide a specified probability of false acceptance and 
false rejection rate should be set.   

It will be important to present the information acquired in an appropriate manner.  
For example, if the purpose of the characterisation campaign was to support disposal 
at the LLWR, then the information would need to be presented in line with the 
requirements set out by LLW Repository Ltd and be able to demonstrate compliance 
with the WAC. 

11.5 Management of information and records 

If characterisation occurs in stages over the lifetime of a facility, the records of the 
characterisation will need to be kept and to be readily available.  This will allow site 
workers and characterisation staff to make use of characterisation information from 
earlier phases of characterisation.  It will also ensure that characterisation is not 
unnecessarily repeated through loss of historical records. 

A robust system for knowledge management and resource to sustain and support it 
will therefore be required.  Records will need to be managed over long timescales 
and through changes in the organisations.  This includes the transfer of information 
from one organisation to another as waste proceeds through the management 
lifecycle, in particular when waste is transferred to a site for final disposal. 

Extensive guidance on records management is available, and should be referred to.   

• ISO 15489 and ISO 30300 are key standards for records management and are 
aligned with other management system standards such as ISO 9001 and 
ISO 14001. 

• ISO 17025 for analytical laboratories includes specific requirements for the 
control of data and information management.   
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• Health and Safety Executive (HSE), EA and SEPA have produced requirements 
for managing information and records relating to radioactive waste on UK LNS 
[128]. 

• To comply with the requirements of nuclear site licence condition LC25, the 
site operator will be expected to develop a retention schedule for operational 
records. 

The utilisation of information asset registers can provide an effective way to record, 
understand and manage characterisation data and associated documentation. 

The lifecycle approach to characterisation means that data may be used for purposes 
other than their intended use, and that data are incrementally built upon over many 
years.  To allow secondary users to determine if the data are suitable for alternative 
purposes, a definitive record of the justification, objectives and methodology 
surrounding how and why the characterisation data was obtained should be kept in 
conjunction with any reports.  It is not sufficient to record only the analytical data 
obtained at the end of a characterisation campaign.  Project documents such as the 
CP, DAP / SAP and CR should be clearly identifiable and kept in a well-defined, 
centralised location.   

Where characterisation data have a particular spatial significance, for example they 
relate to areas of contaminated land or to specific buildings on a site, then 
consideration should be given to inputting the data to a Geographical Information 
System (GIS).   

11.6 Summary 

Key points of good practice when interpreting, presenting and managing information 
are given in Box 11-9.  Box 11-10 presents possible pitfalls. 

Box 11-9 Interpretation, presentation and management of information.  
Key good practice points 

• Recognise the main sources of uncertainty that will arise during characterisation 
activities including assumptions, sampling, and measurement / instrument. 

• Understand the accuracy required in a measurement and liaise with laboratories 
accordingly.   

• Generate an uncertainty budget, recognising the greatest source of uncertainty is likely 
to be associated with sampling design.   

• Liaise with the end users of the characterisation data to understand their requirements.   

• Ensure personnel are SQEP to interpret and understand the data. 
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Box 11-10 Interpretation, presentation and management of information.  
Possible pitfalls 

• Combining incompatible units of measurement to properly calculate combined 
uncertainty. 

• Not updating the required overall accuracy (or uncertainty) in a measurement if the 
characterisation objective, and hence requirements, change. 
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Appendix 1 Case Study: Waste Inventory Calculation 
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Appendix 1: Case studies 
 
Waste Inventory Calculation 
Problem 
The waste comprises the residual material from routine de-canning of Magnox fuel, 
together with other miscellaneous items of ILW. 

The waste has been accumulated over a period of around 40 years.  It currently resides in a 
wet storage silo and is classed as legacy material.  The Silo comprises a number of 
compartments.   

The material is to be retrieved from the Silo and surface stored in modern safe containment 
for a period of not less than 50 years before being processed and exported for disposal in 
the GDF. 

There is a requirement to provide physical / chemical and radionuclide data for the waste 
for a number of purposes, including: 

To provide data to the UK RWI; 

To provide data to special nuclear material accountancy (safeguarding); 

To provide data to enable retrieval plant and equipment to be designed; 

To provide data to enable retrieval operations to be designed; 

To provide data to enable the containment to be designed; 

To provide data to enable the future processing facility to be designed; 

To provide data to be used in safety cases for retrieval, storage, transport and disposal. 

Solution 
How were the challenges overcome? 

Available information sources include: 

Storage facility receipt and tipping records; 

Storage facility foreman’s logbooks; 

Consigning plant records; 

Criticality assessors’ records; 

Materials accountancy records; 

Fuel de-canning records; 

Historical assessment reports. 

Nominal physical / chemical and radionuclide characterisations have been developed for 
typical m3 of waste, for each of three waste types: 

Swarf Waste: the residues from routine de-canning operations; 
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MBGW: Miscellaneous items of ILW that were not associated with routine de-canning 
operations; 

Mixed Waste: where MBGW was over-tipped with Swarf waste – the residues becoming 
intimately mixed during the period of storage. 

The nominal characterisations will be scaled (using a measurement of displaced waste 
volume) in order to provide physical/chemical and radionuclide inventory data, at different 
points within the retrieval, storage, processing, transport and disposal timeline. 

The nominal characterisations are classed as’ best estimate of average’.  Uncertainty is 
calculated on a case by case basis, depending on the use to which the inventory 
information is to be used. 

Sources of uncertainty include: 

Quantity of fuel de-canned; 

Impurity content (for FISPIN modelling); 

Irradiation History; 

Cooling Time; 

Quantity of material consigned to Silo; 

Composition of material when consigned to Silo; 

Compartment to which the material was consigned; 

Accuracy of FISPIN results (minor component); 

In-Silo waste voidage; 

Corrosion extent; 

Retrieved liquor content; 

Accuracy of displaced volume measurement (minor component). 

The methodology by which the nominal physical/chemical and radionuclide 
characterisations were developed is described in the flowing set of schematic diagrams 

.
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Schematic Diagram for Nominal Physical / Chemical Characterisation Calculation: Sheet 1 
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Schematic Diagram for Nominal Physical / Chemical Characterisation Calculation: Sheet 2 
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Schematic Diagram for Nominal Physical / Chemical Characterisation Calculation: Sheet 3 

 
 

 



 
 

Solid Waste Characterisation Good Practice Guide 
Page VII 

 

 
 
 
Schematic Diagram for Nominal Swarf Waste RNI Calculation 
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Schematic Diagram for Nominal MBGW Waste RNI Calculation 
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Schematic Diagram for Nominal Mixed Waste RNI Calculation 
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Schematic Diagram for Nominal Graphite Component of MBGW Calculation 
 

 



 
 

Solid Waste Characterisation Good Practice Guide 
Page XI 

 

 

 

Case study – Chapter 9 
Use of detailed activation calculations to ‘enhance’ a radionuclide inventory 

This case study shows how detailed activation calculations can be used to ‘enhance’ a 
radionuclide inventory.  This example is for nimonic springs that were part of a Magnox fuel 
assembly.  It formed part of the ‘Nature & Quantity of Waste’ evaluation in an RWM 
disposability assessment, which considered whether or not to issue a Letter of Compliance 
for packaging some Magnox wastes. 

The inventory given in the submission for a Letter of Compliance (pink bars in Figure 0-1) 
contained only a limited set of radionuclides.  The blue bars show the results of calculations 
using an RWM ‘activation’ spreadsheet (a predecessor of the Generic Fuel Inventory Toolkit), 
with a full range of precursor elements.  The precursors include trace quantities of uranium, 
which under irradiation generates fission products and higher actinides.  The pale blue 
‘Nimonic average’ activities are calculated from the whole history of the reactor.  The darker 
blue ‘Nimonic maximum’ activities are calculated from the last four years of arisings, so have 
a shorter decay period32.   

The calculated activities may either be adopted directly (this would be approach 1(b) in the 
list given above), or could be scaled using the measured activity of a reference radionuclide 
(approach 2).  In this case they were adopted directly. 

 
32  The composition of the springs changed during the reactor lifetime. For Co-60, the resulting ten-

fold decrease in production outweighs the shorter decay period for the most recent arisings. 
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Figure 0-1 Comparison of submitted activities of nimonic springs with average and 
short-cooled values from Generic Magnox Fuel Inventory spreadsheet 

In Figure 0-1, the submitted activities of Am-241 and Pu-241 agreed reasonably well with the 
calculations for nimonic springs, whether from first principles or scaled on Ni-59 or Co-60, 
but the submitted activities of C-14 and the fission products Cs-134, Cs-137, Eu-154, Eu-155, 
Sr-90, Sm-151 and Pm-147 appear to be low.  Such results would prompt an investigation of 
assumed levels of carbon, nitrogen and uranium impurities, and possibly a recalculation 
based on a revised elemental composition. 
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Refinement of a waste package inventory 

 

 

Case Study — Refinement of a waste package inventory  

The UK RWI is unlikely to be sufficient for an RWM disposability assessment. The boxes 
below indicate how data are progressively refined, from an initial indication in the UK RWI 
to a definitive statement of the contents of a waste package. 
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Figure 0-2 Example Waste Stream datasheet from UK RWI 



 
 

Solid Waste Characterisation Good Practice Guide 
Page XV 

 

 

 

Case studies - Chapter 10 Non-destructive assay chapter 
 

Post Irradiation Examination Cell Suite 

Problem 
The primary objectives of the characterisation were to:  

undertake an activity distribution assessment to support decommissioning planning; 

understand the waste categorisation and identify any ILW accumulations in a cell which was 
anticipated to be predominantly LLW; 

determine the activity inventory to support waste disposal. 

The main challenges included:  

having a complex fingerprint combined with a complex activity distribution; 

there was limited detailed historical information combined with a multitude of previous 
research and operational activities taking place in the facility; 

there was limited man access to the interior of the hot-cell complex.  The two main cells 
were joined by a third smaller cell forming a “U” shape. 

Solution 
How were the challenges overcome? 

The complex fingerprint issue was addressed by the use in situ deployment of a collimated 
intermediate resolution gamma spectrometer base in a LaBr3 scintillation detector.  This 
approach allowed separation of Cs-137, Eu-152/154 and Co-60 photo-peaks allowing three 
separate key radionuclides to be separately quantified.  These radionuclides arose from 
three different production routes / activity vectors.  The complex activity distribution was 
addressed using a Gamma Imaging system.  The issue of limited access for people was 
addressed by remotely deploying equipment.  The gamma imager was man-handled 
initially to deployed on the in-cell hoist.  The collimated gamma spectrometer was 
deployed into the cells via vacant Master Slave Manipulator (MSM) ports. 

How was the characterisation objective met? 

Gamma imaging was used initially to determine activity distribution and to provide an 
indication of activity range.  This was followed by the in situ deployment of a collimated 
LaBr3 scintillation detector providing an activity quantification for the entire cell inner 
surface in discrete patches.  The results obtained allowed a plan for final clean-up 
decontamination to be derived.  Additionally, the results allowed plan of the optimal waste 
disposal option.  In this case, several discrete ILW items were removed allowing the 
remaining structure to be categorised as LLW. 
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Lesson(s) learned 
Lessons learned included: 

Up-front characterisation work can provide invaluable support to decommissioning 
planning. 

With the characterisation work completed at an early stage in the decommissioning 
process, very little additional characterisation was required at later stage where dismantling 
activities are likely to have made measurements more difficult and result in a higher 
associated measurement uncertainty. 

Potential for hidden inventories should always be considered.  In this case a furnace well in 
the cell floor had accumulated a variety of active waste items and was then covered over.  
Gamma imaging allowed identification of this hidden inventory. 

In addition to the primary objective, the gamma imaging allowed fingerprint zoning to be 
applied through the tracking of an irradiated fuel activity spill in a cell where the dominant 
activity was activation products. 

Good cable management is critical to the success of remote equipment deployment. 

Equipment recovery following failure of deployment mechanism should be taken into 
consideration. 

 
 

Characterisation of Contaminated Irradiated Metal 

Problem 
The primary objective of the characterisation was to determine an activity value for waste 
packages prior to consignment.   

A hot-cell contained 100 L drums of waste items including cemented sludge and activated 
steel components.  All waste packages had been previously identified as ILW either 
through calculated activation figures or from indicative dose rate readings. 

Previous consignments of ILW by this route had been carried out using calculation data 
(FISPIN) combined with measured gamma dose rates.  However, this was not possible for 
these waste packages due to additional surface contamination arising from irradiated fuel. 

The main challenges included: 

assigning activity values to waste items containing activity arising from two separate 
fingerprints produced by two separate mechanisms i.e. irradiated metal components with 
varying levels of irradiated fuel surface contamination; 

high levels of gamma activity associated with the waste, which created limitations for a 
measurement arrangement. 



 
 

Solid Waste Characterisation Good Practice Guide 
Page XVII 

 

Solution 
How were the challenges overcome? 

The challenges were overcome by using an intermediate resolution gamma spectrometer 
to separately measure two key radionuclides uniquely associated with each of the two 
fingerprints. 

How was the characterisation objective met? 

The characterisation objective was met by deploying a small Cadmium Zinc Telluride (CZT) 
intermediate resolution gamma spectrometer inside a waste posting port, viewing waste 
containers as they were moved from the cell into a shielded transfer flask. 

The CZT spectrometer allowed an activation product inventory to de derived through 
measurement of Co-60 gamma emissions and separately a fuel and fission product 
inventory to be derived through measurement of Cs-137 gamma emissions.  These 
inventories were then summed to give a total inventory for each waste package. 

Lesson(s) learned 
Key lessons learned are listed below. 

With two key radionuclide photopeaks being measured, high levels of the higher energy 
radionuclide (Co-60) resulted in large errors / high Limits of Detection for the lower energy 
radionuclide (Cs-137). 

Measurements at multiple positions were necessary to reduce systematic errors associated 
with variations in matrix materials and activity locations to acceptable levels. 

Due to the limited dynamic range of small CZT detectors, a larger detector was used in 
conjunction with a block of gamma attenuating material (steel). 

Flexibility in the design of the detector arrangement allowed the measurement of waste 
packages in the LLW activity range.  This was not part of the original design criteria but was 
incorporated in anticipation of potential future requirements. 
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