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Preface 

The Low Level Waste Repository (LLWR) is the United Kingdom’s principal facility for 
the disposal of solid low-level radioactive waste.  The LLWR is owned by the Nuclear 
Decommissioning Authority (NDA) and operated on behalf of the NDA by a Site 
Licence Company (SLC) – LLW Repository Ltd. 

We, LLW Repository Ltd, are committed to operating the LLWR as a safe and 
efficient facility that provides a continuing option for the disposal of low-level 
radioactive waste in the UK.  This will be achieved consistent with good practice for 
the near-surface disposal of radioactive waste, in accordance with environmental and 
health and safety regulation and guidance, and in compliance with the terms of our 
Nuclear Site Licence and Permit to dispose of radioactive waste. 

This report is one of a series of reports that present the evidence underpinning the 
2011 Environmental Safety Case for the LLWR – the 2011 ESC.  The report has 
been prepared by the Environmental Safety Case Project and is issued under the 
authority of the Managing Director of LLW Repository Ltd. 

ESC objectives  

Under the terms of our Permit granted by the Environment Agency, we are required 
to submit an Environmental Safety Case (ESC) for the LLWR no later than 1st May 
2011 and at intervals thereafter as requested by the Agency.  The ESC:   

• presents the arguments and evidence concerning the environmental safety of 
disposals of solid radioactive waste at the LLWR, at present and in the future, 
consistent with the Agency’s Guidance on Requirements for Authorisation;  

• provides a basis for the environmentally safe management of the site by the 
SLC, and regulation of the site by the Agency, including setting of conditions on 
its future management and acceptance of waste. 

The ESC is addressed primarily to the Agency and is intended to inform and enable 
their regulation of the LLWR.  It also provides a plan for the future management of 
the LLWR and a baseline against which proposed changes in the plan for the 
development of the facility can be tested.  As such, it will be of interest to our other 
stakeholders, both local and national. 

ESC document plan  

The ESC consists of documents at two levels: 

• A single ‘Level 1’ report outlines the plan for the development of the LLWR and 
the main arguments concerning environmental safety and how this is achieved. 

• A series of ‘Level 2’ reports present the evidence that underpins our safety 
arguments, including descriptions of our management framework, system 
understanding, design and management choices, and assessments. 

This is a Level 2 report.  The ESC Level 1 and 2 reports are listed in the table at the 
end of this Preface, which also shows for the Level 2 reports the set of arguments for 
which each report mainly provides evidence.  The ESC is supported by a large 
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number of technical and scientific reports and references that we refer to as ‘Level 3’ 
documents. 

 

The ESC documentation concept 

Scope and audiences 

The 2011 ESC is based on an optimised ‘Site Development Plan’ developed under 
our Environmental Safety Strategy.  The Plan sets out our proposals and 
assumptions on operations, remedial activities, vault design, capacity and future 
waste disposal practice, closure design and management up to the end of 
management and regulatory control.  It provides a basis for our quantitative 
assessments.  The Plan is flexible, however, and will be amended as necessary in 
the light of UK radioactive waste management needs, operating experience, results 
of monitoring, future iterations of the ESC, regulatory and planning guidance and 
decisions, and stakeholder views. 

The safety arguments set out in the Level 1 report comprise arguments concerning 
the development and safety of the Site Development Plan.  The Level 1 report 
focuses on the arguments in principle, referring to the more detailed and quantitative 
evidence that is presented in the Level 2 reports.  The main features and findings of 
the supporting reports are presented, demonstrating that the Site Development Plan 
is optimised, and that the assessed safety is consistent with the regulatory guidance 
over the lifetime of the facility, including after closure.  The Level 1 report is intended 
to be complete enough to inform managers from the Environment Agency, 
Government ministries and local government representatives and officials on the 
environmental safety of disposal of radioactive waste at the facility.  It is also 
intended to be an entry point to the safety case for the Agency’s technical staff and 
assessors. 

The Level 2 reports present the evidence that underpins our safety arguments, 
including descriptions of our management framework, system understanding, 
optimisation, assessments and proposed conditions for acceptance of waste.  The 
Level 2 reports are primarily addressed to the Agency’s Nuclear Regulator for the site 
and technical staff, and may be of interest to experts in specific technical fields.  To 
fully satisfy themselves, however, for example, to find supporting information and 



 

The 2011 ESC  Inventory  

 

LLWR/ESC/(R11)10019 Page 3 of 96   

 

details of the model formulations and data used, technical specialists and reviewers 
in specific topic areas may need to refer to Level 3 documents. 

We have also produced a Non-technical Summary of the ESC, to help a wider group 
of stakeholders understand its nature, conclusions and implications. 

 

Level 1  

The 2011 Environmental Safety Case – Main Report [1] 

Level 2  

Management and 
dialogue 

Management and Dialogue [2] 

System 
characterisation 
and 
understanding  

 

Site History and Description [3] 

Inventory [4] 

Engineering Design [5] 

Near Field [6] 

Hydrogeology [7] 

Site Evolution [8] 

Monitoring [9] 

Optimisation and 
Site Development 
Plan  

Optimisation and Development Plan [10] 

Assessments  Environmental Safety During the Period of Authorisation [11] 

Assessment of Long-term Radiological Impacts [12] 

Assessment of Non-radiological Impacts [13] 

Assessment of Impacts on Non-human Biota [14] 

Waste Acceptance [15]  

Assessment of an Extended Disposal Area [16] 

Audit  Addressing the GRA [17] 
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Executive Summary  

This report describes the inventory of wastes already disposed to the LLW 
Repository (LLWR) and those wastes that may be expected to be disposed to the 
facility in the future.  It describes: 

• The history of LLW disposals at LLWR, and the approaches adopted for disposal 
in the trenches and Vault 8.  The radionuclide inventory disposed to these parts 
of the facility have been derived, reviewed and tabulated. 

• The planned future disposals at LLWR and how these depend on the on-going 
development of strategy on the management of LLW.  Four forward inventories 
for the facility have been generated based on alternative sets of assumptions 
about waste arisings, routing and processing.  Again the inventory is tabulated. 

Since the 2002 assessment, substantial work has been undertaken to develop an 
improved inventory of wastes in the trenches, Vault 8 and future vaults.  These have 
been for the 2008 Requirement 2 Schedule 9 submission to the Environment Agency 
and for the 2011 ESC.  The work has focused on understanding the most important 
disposals and in particular on quantifying the key uncertainties.  The resultant 
inventory provides a sound basis for the radiological assessments that are reported 
in other documents in the 2011 ESC. 

For the trenches, available records were examined, and divided into two categories: 
‘key consignments’ and ‘routine consignments’.  Data for the ‘key consignments’ 
were taken directly from the disposal records.  In deriving the inventory of the ‘routine 
consignments’, a greater variety of data sources have been used.   

Subsequently work has been undertaken to see if further information might be 
available, for example from former employees (the ‘RECALL’ interview process).  
This did not find any evidence suggesting any significant and quantifiable impact on 
the overall inventory in the trenches, but it provided evidence that some of the 
declared radionuclide inventories are probably overestimated. 

For forward disposals, the available data have been scrutinised, and the quality of 
the inventory improved.  Uncertainties in future waste management practices have 
been investigated.  Four cases are used to derive inventories for forward disposals.  
Case A is the ‘Reference Case’, and is intended as a bounding representation, in 
terms of wastes that may be disposed of at LLWR, given current assumptions of 
waste arisings.  Case B considers the effects of a new nuclear build programme on 
the inventory of LLWR.  Case C addresses the effects of uncertainties in disposed 
volume, and Case D considers the effects of alternative routing for some waste 
streams associated with the management of contaminated land. 

The uncertainties in the radionuclide inventory have been assessed.  For the 
trenches, the analysis indicates that the inventory is bounded by an upper limit a 
factor of ten higher.  Information for Vault 8 is of higher quality, and taking an upper 
bound a factor of ten higher is probably cautious.  For forward disposals, the UK 
Radioactive Waste Inventory (UKRWI) gives upper and lower bounds for individual 
waste streams, and these are appropriate for assessing the implications of 
uncertainty.  The four cases discussed above allow uncertainties in management 
assumptions to be assessed. 
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For the radionuclide inventory, the report focuses on those radionuclides of actual or 
potential significance to the 2011 ESC; these have been identified on the basis of 
previous assessment studies, including the 2002 Post-closure Safety Case and the 
2008 Requirement 2 submission.  Top-level information is tabulated for all 
radionuclides for which data are available.  The conclusions for the radionuclides of 
potential importance to the ESC are as follows: 

• Most of the activation product C-14 in the UK LLW inventory will arise after 2070, 
and after the closure of Vault 14 in all but one of the inventory cases considered.  
The principal sources of C-14 in the forward inventory are activated steels and 
LLW core graphites associated with final stage decommissioning of the AGR and 
Magnox reactors.  The inventory of C-14 in core graphites is subject to some 
uncertainty because of uncertainty in the assessed levels of N-14, one of its 
precursor radionuclides. 

• Cl-36 is associated primarily with disposals to Vault 8 and with the forward 
inventory.  The bulk of the Cl-36 in the forward inventory is associated with 
irradiated steels, concrete, and LLW graphites generated as waste in final stage 
reactor decommissioning.  Most of the Cl-36 in the forward inventory will arise 
after 2070, and after the closure date for Vault 14 in all but one of the inventory 
cases considered.  The Cl-36 inventory of LLW from final stage reactor 
decommissioning may be increased as a result of chlorine released from core 
graphites and redistributed around the primary circuit, but it would be 
inappropriate to enhance the declared inventory of these wastes in the present 
state of knowledge. 

• Tc-99 in the LLW inventory is associated primarily with reprocessed uranium 
from which it cannot readily be separated.  The bulk of this fission product in LLW 
is associated with disposals made to Vault 8 (2.73 TBq) or with the forward 
inventory (12.0 TBq).  It seems probable that the forward inventory of Tc-99 is 
overstated by about a factor of two as a result of the use of inappropriate 
fingerprints1  and current management strategies associated with 
decontamination, but the recommended inventory of 12.0 TBq has been retained. 

• A total of 2.13 10-2 TBq of I-129 is identified in the disposed and forward LLW 
inventories.  1.39 102 TBq is associated with the forward inventory, but this value 
may be overstated by about 50% as a result of the use of inappropriate 
fingerprints for parts of the main waste stream.  I-129 in the disposed inventory is 
mainly associated with operational waste from Sellafield.   

• Of the 2.38 TBq of Ra-226 assessed to be present in the disposed and forward 
UK LLW inventories, 0.27 TBq is located in small regions of the NW end of 
Trenches 2 and 3.  Most of the remaining inventory is in the forward inventory of 
Vault 8 and is associated with contaminated land from a variety of defence sites.  
The inventory of this waste stream is subject to significant uncertainty, and may 
well be overstated by as much as two to three orders of magnitude in the present 
assessment.  The timing of arisings is also extremely uncertain. 

• The bulk of the Th-232 (1.28 TBq) is located in Trenches 2, 4 and 5, and arises 
from disposals of thorium in oxide, silicate and phosphate form from the chemical 
industry.  Rather over half the inventory (0.72 TBq) is present as surface 

                                                
1
  A fingerprint describes the relative distribution of different radionuclides, determined in 

part by the source of the waste. 
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contamination on mixed wastes, whereas the remainder is dispersed in the bulk 
of mineral disposals. 

• The bulk of the U-234 and U-238 (5.88 TBq and 6.70 TBq respectively) is 
associated with the trenches, and arises from Springfields in the form of 
drummed powder or baled scrap.  About 90% of the total forward inventory of U-
234 and U-238 (2.80 TBq and 2.67 TBq respectively) is associated with 
redundant UF6 cylinders from Capenhurst.  The current strategy for these 
cylinders is decontamination before disposal, and the secondary wastes from this 
process may not be routed to LLWR.  The forward inventory of U-234 and U-238 
should therefore be regarded as cautious. 

• The majority of the inventory of Pu isotopes is located in the vaults (87% of a total 
of 11.7 TBq for Pu-239, 64% of 2.23 TBq for Pu-240 and 75% of 59.7 TBq for 
Pu-241).  Most of the inventory of these radioisotopes in the trenches comes 
from waste streams originating at Sellafield.  The most important single 
contributor to the inventory of the vaults is AWE Aldermaston, although Harwell 
and some Magnox sites contribute significantly to the forward inventory.  Review 
of the data for these radioisotopes has suggested that the forward inventories are 
modestly overestimated by about 10%. 

• Of the total inventory of Am-241 (3.67 TBq), the majority, some 62%, is 
associated with the forward inventory.  Accounting for the material already 
disposed to Vault 8 indicates that 83% of the Am-241 inventory of LLW is 
associated with the vaults, with Vaults 8 and 9 accounting for most of the vault 
inventory.  It should be noted that the inventories of Am-241 are those estimated 
for the wastes at the time of disposal.  Ingrowth of Am-241 from the decay of 
relatively short-lived Pu-241 could significantly increase these inventories. 

The report also considers the inventory of materials that may pose a hazard because 
of their potential chemical toxicity.  Inventories are tabulated where information is 
available.  However, it has been recognised that there are a number of potential 
contaminants for which no data have been provided.  The potential impacts of these 
contaminants are, however, considered in the assessments reported in other ESC 
documents.  These assessments provide a foundation to undertake further 
characterisation in the future. 
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1 Introduction 

1.1 Objectives 

This report provides an overview of the inventory of wastes that have been disposed, 
or are planned to be disposed in the future, to LLWR.  The inventory underpins many 
parts of the 2011 Environmental Safety Case (ESC).  The engineered system is 
designed to accommodate the nature and quantities of the waste materials; the 
radiological assessments require the quantities of radioactivity that are assessed to 
be present; the non-radiological assessment requires the quantities of materials that 
are chemically hazardous.  The objective of this report is to demonstrate that there is 
a good understanding of the inventory and the uncertainties therein, and that the 
inventory is fit for the purpose for which it is being used. 

This report does not address a specific Requirement in the regulatory guidance, the 
GRA [18].  There are, however, a number of references to the inventory, which 
provide valuable context.  These include: 

• ‘The developer/operator will be responsible for all information necessary to 
support the environmental safety case, and will need to provide it to us in a timely 
way within an agreed documentation structure so that its relevance to the 
environmental safety case is clear.  The information is likely to include: … waste 
inventories and characteristics …’ (paragraph 6.2.34); 

• ‘We shall expect the developer/operator to adopt an approach to each 
requirement that is proportionate to the level of hazard presented by the inventory 
of waste for disposal in the facility’ (paragraph 3.5.3, with a similar sentence in 
paragraph 6.2.3); 

• ‘The level of detail in the environmental safety case should reflect, for example, 
the stage of development of the facility, what is known and understood about the 
selected site, the proposed radioactive waste inventory for disposal and what 
decision has to be made at the time’ (paragraph 5.4.6); 

• ‘The Regulations also provide for protection of human health and the 
environment from the hazardous (non-radiological) components of any disposal 
inventory’ (paragraph 9.9.2). 

1.2 Scope 

This report presents a summary of the inventories of low-level waste, in terms of its 
material composition, radionuclide content, and content of potentially hazardous 
materials, in the context of: 

• the history of LLW waste disposals at LLWR, and the approaches adopted for 
disposal; 

• the planned future disposals at LLWR;  
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• the on-going development of strategy on radioactive waste management, 
including the 2007 Policy Document on long-term management of solid LLW [19] 
(issued by the UK Government), the LLW Strategic Review [20] (undertaken by 
LLWR), UK Strategy for the Management of LLW issued by NDA [21], and 
changes in the approach to the management of LLW that might be adopted by 
LLWR. 

It acts as a summary of the outcomes of the inventory work undertaken in support of 
the 2011 ESC; this work builds on other studies since the 2002 Post-closure Safety 
Case (2002 PCSC) [22].  This programme of work has been undertaken to:  

• derive and review the inventory already disposed to the trenches and to 
Vault 8 [23,24]; 

• evaluate the base data upon which estimates of the potential forward inventory of 
the facility will depend [23]; 

• generate forward inventories for the facility based on alternative sets of 
assumptions about waste arisings, routing and processing [25,26]. 

A more detailed summary has been prepared [27]; this in turn is supported by a 
number of detailed reports. 

The complete list of 2011 ESC Level 2 reports is provided in the table in the Preface.  
This report has particular links with certain other Level 2 reports, in particular: 

• ‘Waste Acceptance’ [15]; 

• ‘Engineering Design’ [5]; 

• ‘Optimisation and Development Plan’ [10]. 

The inventory is an important input to all the assessment reports: 

• ‘Environmental Safety During the Period of Authorisation’ [11]; 

• ‘Assessment of Long-term Radiological Impacts’ [12]; 

• ‘Assessment of Non-radiological Impacts’ [13]; 

• ‘Assessment of Impacts on Non-human Biota’ [14]; 

It also provides inputs to the ‘Near-field’ report [6]. 

This report complements the ‘Site History and Description’ report [3], where further 
details on the history of disposals can be found. 

1.3 Structure 

The structure of this document is in summary:  

• Section 2 provides some background on disposals to LLWR; 
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• Section 3 describes the approach in recent work to develop a fit-for-purpose 
radionuclide inventory for the 2011 ESC; 

• Section 4 summarises the material types, including the main physical and 
chemical forms; 

• Section 5 tabulates the radionuclide content of the wastes, in terms of relevance 
to the ESC, including an understanding of how available the radionuclides are 
(for example are the radionuclides on the surface of the materials or are they 
incorporated into bulk materials) and the likely release mechanisms.  It also 
includes a comparison with the inventory used in the 2002 PCSC; 

• Section 6 describes the inventory of materials that may constitute a non-
radiological hazard. 

• Section 7 presents a summary and discusses the key uncertainties in the 
inventory. 

A list of acronyms used in the report is given in Appendix 1.  A general glossary for 
the ESC is appended to the ‘Main Report’ [1]. 
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2 Background 

2.1 What is LLW? 

Solid radioactive wastes have been produced, stored and disposed by various 
industries in the UK for many decades.  The main sources of waste generation since 
the 1950s onwards have been nuclear energy development, nuclear power 
generation and the weapons industry.  In addition, many non-nuclear industry users 
of radioactive materials produce radioactive wastes, for example universities, 
hospitals, the pharmaceutical industry, research establishments and the oil and gas 
industry [21]. 

In the UK, solid radioactive wastes are defined according to three main categories: 
low, intermediate and high level wastes.  Low Level Waste (LLW) represents a broad 
category spanning a range of five orders of magnitude of specific activity2.  Solid 
LLW is generated in many locations across the UK today. 

The majority of UK LLW (by volume) arises at nuclear sites undertaking the following 
activities: fuel fabrication and uranium enrichment; nuclear power generation; spent 
fuel reprocessing; decommissioning; nuclear energy research and development; 
Ministry of Defence activities; manufacture of radioactive medical products and waste 
treatment facilities. 

LLW can be sub-divided into operational and decommissioning related material.  
Operational LLW typically arises from routine monitoring and maintenance activities, 
and includes plastic, paper, tissue, clothing, wood and metallic items.  
Decommissioning LLW mostly comprises building rubble, soil and various metal 
plant, equipment and items.   

Within the UK, LLW is now defined as radioactive waste having a radioactive content 
not exceeding four gigabecquerels per tonne (GBq t-1) of alpha or 12 GBq t-1 of 
beta/gamma activity.  There is also a definition of the Very Low Level Radioactive 
Waste (VLLW), a sub-category of LLW. 

2.2 History of LLWR 

To understand the current inventory of the LLWR, it is important to understand the 
history of the site.  This is described in more detail in the ‘Site History and 
Description’ report [3]. 

A 100-hectare site close to the village of Drigg and Sellafield was opened in 1959 for 
disposal of low-level waste from the Windscale and Calder site operations run initially 
by the Ministry of Supply.  The Drigg site was run by the UK Atomic Energy Authority 
(UKAEA) from 1959 until the Radioactive Substances Act (RSA) 1960 Authorisation 
was transferred to BNFL in 1971.  The site accepts waste from other nuclear sites 
along with waste from hospitals, universities and smaller volumes from other 
organisations across the UK.  Currently the site is owned by the Nuclear 
Decommissioning Authority (NDA) and managed under contract by LLW 

                                                
2
  The specific activity of material is measured in Bq kg

-1
. 
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Repository Ltd.  Since operations began in 1959 there have been a number of 
changes to the procedures and methods for LLW disposal on the site. 

From 1959 to 1995, the LLW was systematically ‘tumble-tipped’ into a series of 
seven trenches in a process similar to that performed on municipal landfill sites.  
From 1988, the method of LLW disposal started to change to that of disposal in 
engineered vaults (starting with Vault 8).  By 1995, Trench 7 was full, and after that 
all the wastes were emplaced in Vault 8.  Vault 9 is now built, fully commissioned and 
being used for the storage of waste.  There is a small amount of space remaining in 
Vault 8; this is being retained to allow for direct disposal of wastes that cannot be 
stored in Vault 9.  Once Vault 9 is full, waste will be disposed in subsequent vaults.  
A plan of the site is shown in Figure 2.1. 

 

 

Figure 2.1 Layout of LLWR 

Currently, small items and compressible LLW are put into drums, which are then 
compacted.  The compacted pucks are put into half-height ISO containers and these 
containers are then grouted at LLWR.  Most non-compactable wastes are grouted 
directly into the containers.  Items that are too large for such containers are grouted 
directly into the vaults.   

During the lifetime of the LLWR, and particularly over the last 30 years, the practices 
for both waste consignors and operations at LLWR have changed considerably.  One 
of the most important elements of this change was the implementation of the 1988 
update to the 1960 Authorisation introduced by Her Majesty’s Inspectorate of 
Pollution (HMIP) and Ministry of Agriculture, Fisheries and Food (MAFF).  In 1986, 
the National Radiological Protection Board (NRPB) produced a post-closure safety 
case, which formed the basis for some of the changes in the 1988 Authorisation.  
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After this, consignors were required to perform detailed characterisation of their 
waste streams, to determine the radionuclide fingerprint (the relative distribution of 
different radionuclides, determined in part by the source of the waste).  For the first 
time in the history of LLW disposals at LLWR, the radionuclides, and their activity 
limits, had to be accounted for.  Prior to this, the waste had to meet dose limits 
per m3 and did not specify any particular radioelement limits.   

In the late 1980s, sampling of the waste was introduced and the Environment Agency 
began examining consignments at random to check that the consignment and the 
radionuclide fingerprint were as described in the supporting documentation. 

Other waste management changes have had an impact on the amount of waste 
consigned to LLWR; these include the introduction of waste segregation in the early 
1980s and waste minimisation practices driven not least by escalating disposal 
charges.  In 2004, a NICOP (Nuclear Industry Code of Practice) was brought in, 
allowing waste to be monitored and if found to be within a strict set of criteria, classed 
as exempt and sent to a municipal tip.  It has been noted by many past employees 
that the vast majority of waste in the trenches is in fact ‘clean’ [24], but it had been a 
long-standing policy that any materials that enter the separation area at Sellafield are 
deemed to be LLW (or higher) and would have been sent to Drigg as a matter of 
precaution.  However, today waste is screened and decontaminated and any that can 
be classed as VLLW or exempt is preferably disposed of by other routes. 

The 1988 revision to the 1960 RSA Authorisation had significant ramifications for the 
characterisation, documentation, collection and burial of LLW.  It was also around 
this time that computerisation of records was introduced.  Computers are used to 
track waste and compare consigned waste fingerprints against the corresponding 
consignment notes and the consignor’s allocation, as well as help collate the 
information as needed.   

Recent advances in monitoring equipment and techniques have suggested that the 
quantity of radionuclides actually disposed to the trenches is less than that suggested 
by the inventory.  For example; in the early days staff would monitor the LLW at 
source (i.e. outside the facility of origin).  However, today the radiation levels are 
measured in a lead shielded box to eliminate any background radiation.  It has been 
found that the radiation levels inside the shielded box are generally considerably less 
than those measured at source, suggesting that much of the activity measured in the 
early days is in fact an overestimation of the activity of the LLW being disposed. 

2.3 LLW: Government Policy and NDA Strategy 

In March 2007 the UK Government and devolved administrations (for Scotland, 
Wales and Northern Ireland) published a new policy for the management of solid low 
level radioactive waste [19].  Subsequently, the Nuclear Decommissioning Authority 
(NDA) has developed its strategy [21] within the framework of the principles set out in 
that Policy [19]: 

• use of a risk-informed approach to ensure safety and protection of the 
environment; 

• minimisation of waste arisings (both activity and volume);  
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• forecasting of future waste arisings, based upon fit-for-purpose characterisation 
of wastes and materials that may become wastes; 

• consideration of all practicable options for the management of LLW; 

• a presumption towards early solutions to waste management; 

• appropriate consideration of the proximity principle and waste transport issues; 

• in the case of long term storage or disposal facilities, consideration of the 
potential effects of future climate change. 

The overall aim of the Policy was to set out the need for greater flexibility in 
managing LLW, recognising that previous Government policy was not developed to 
take account of large-scale decommissioning and environmental restoration. 

The UK Strategy developed by the NDA for the management of solid low level 
radioactive waste from the nuclear industry provides a high level framework within 
which LLWR management decisions can be taken flexibly to ensure safe, 
environmentally acceptable and cost-effective management solutions that reflect the 
nature of the LLW concerned. 

To deliver this aim, three strategic themes have guided the development of the UK 
Strategy: 

• application of the waste hierarchy; 

• the best use of existing LLW management assets; 

• the need for new fit-for-purpose waste management routes. 

The UK Strategy advocates the application of the waste hierarchy, with a preference 
for managing LLW at higher levels, where practicable (i.e. waste prevention, reuse, 
recycling).  This approach will facilitate continued waste management, hazard 
reduction and decommissioning operations.  Using a broader number of options for 
managing LLW, rather than focusing on disposal, will lead to continued capability and 
capacity for the safe, secure and environmentally responsible management, 
treatment and disposal of LLW in the UK, for both the nuclear and non-nuclear 
industries. 

The UK Strategy recognises that managing LLW should not be separated from 
managing other radioactive wastes and conventional wastes and implementation will 
require an integrated waste management approach. 

This strategy also ensures that in future wastes and capacity are managed 
appropriately, with long-term sustainability in mind.  This is particularly important for 
new nuclear sites or facilities, which will be well placed to avoid the generation of 
unnecessary waste and plan for sustainable waste management. 

The UK Strategy is being implemented by waste consignors and LLWR.  The 
approach to the development of the inventory of future waste arisings, assumed in 
the 2011 ESC, is consistent with the Policy and UK Strategy, summarised above, 
and the approach to implementation that has been adopted.   
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3 Approach to Developing the Inventory 

The approach to developing the radionuclide inventory for the 2011 ESC is discussed 
in this section.  The details of the various aspects of the inventory are then 
summarised in the Sections 4 and 5.  The inventory of hazardous materials is 
discussed in Section 6. 

The nature of the information on disposals to the trenches, disposals to Vault 8, and 
future disposals is rather different.  The following subsections discuss the 
approaches appropriate to the different disposals, based on the best information 
available about them.   

3.1 Trenches 

In the period between 1959 and 1995, LLW was disposed of to a series of seven 
trenches at LLWR.  During this period, processes for recording disposals of LLW at 
LLWR changed significantly.  The most important single change in the context of 
deriving an inventory was in 1988 when changes to the disposal authorisation under 
RSA 1960 required detailed characterisation of the waste streams in terms of the 
radionuclide and materials fingerprints.  Before this point, records often contain little 
more information of use in deriving an inventory than consignor, date of disposal and 
disposed volume.  As a result, deriving an inventory for the trenches at LLWR has 
been complex.   

A major compilation of the inventory data of past and future disposals at LLWR was 
undertaken for the 2002 PCSC [22,28].  In the following years, further inventory 
studies were undertaken, and improvements were made in support of the 
Requirement 2 Schedule 9 submission to the Environment Agency; these studies are 
reported in references [29] and [30].    

The process of deriving an inventory for the trenches is not straightforward, given the 
variable extent and quality of the available information.  A pragmatic approach has 
been developed to deriving the trench inventory [29], which reflects both the quality 
of the data available and the actual or potential significance of individual 
radionuclides in evaluating the performance of the facility. 

Available records were examined, and divided into two categories: ‘key 
consignments’ and ‘routine consignments’.   

‘Key consignments’ were identified on the basis of the quality of the information 
available for the consignment and its likely significance in inventory terms.  Data for 
these consignments were taken directly from the disposal records.  The quality of the 
information for these disposals is believed to be relatively high, as it is based on 
better characterisation.   

The remaining disposals were assigned as ‘routine consignments’, which correspond 
to the consignments more commonly received.  The focus of the work in 
Requirement 2 Schedule 9 submission was to make use of a greater variety of data 
sources.  Radionuclide and materials fingerprints were assigned to these 
consignments on the basis of information gathered on characterised streams in the 
UK Radioactive Waste Inventory (UKRWI) believed to be similar in nature.  
Inventories for the disposals were then calculated by backfitting this information to 
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reported disposal volumes.  The inventory information on routine disposals is of lower 
quality than that for key consignments.   

The data have been used to evaluate [30]: 

• Trench-by-trench inventories for the safety-relevant radionuclides; 

• Trench-by-trench inventories for material types and volumes; 

• Detailed maps of radionuclide concentrations for important radionuclides; 

• Detailed maps for the volume distribution of key materials, including asbestos, 
lead, soil, rubble, cellulosic materials, wood, stainless steel and ferrous metals. 

The nature of the key consignments identified in reference [29] is shown in Table 3.1, 
together with an indication of their physical nature and the radionuclides they contain.  
The contributions of the different key consignments to the inventories of key 
radionuclides are shown in Figure 3.1.  It is apparent from Figure 3.1 that key 
consignments account for the bulk of the U-234, U-238, Th-232 and Ra-226 in the 
trenches.  Information on these key consignments will therefore provide the 
characterisation data required for these radionuclides in the trenches. 

‘Routine’ consignments are believed to be of much lower radiological significance on 
a consignment basis.  These disposals comprise almost all of the waste disposed to 
the trenches in volume terms.  They include all the disposals from the Windscale and 
Sellafield sites and the bulk of the LLW disposed to LLWR from the remainder of the 
nuclear industry.  Disposal records indicate that about one hundred thousand 
disposals of this type were made to the trenches. 

As has been stated above, the data for routine disposals to the trenches are rather 
more limited than those available for key consignments.  Although the quality and 
extent of data appear to be more reliable for later disposals than for disposals in the 
1950s and 1960s, the majority of the disposal records do not contain useful 
information on radioactive inventory; the data available for individual consignments 
are generally restricted to information on the source of the material, an approximate 
volume estimate, and an indication of surface dose-rates [29].  These limitations in 
the available raw data have to be taken into account in the understanding of the 
uncertainties in the inventory.   

The approach taken to estimating radionuclide and materials inventories for routine 
disposals is described in detail elsewhere [31] and will only be outlined here.  In brief, 
the methodology was to identify waste streams reported in the UKRWI or Low Level 
Waste Tracking System (LLWTS) that are believed to have similar characteristics to 
individual disposals.  This assessment was made primarily on the basis of the waste 
source given in disposal records.  Sometimes this assessment could be made on the 
basis of the building (for example the Sellafield facility) from which the material 
originated.  Where this was not possible, a generic fingerprint was ascribed to the 
material based on wastes known to be dispatched by the same consignor 
organisations.  These data, coupled with the estimated volume of material disposed, 
were used to calculate overall inventories in the trenches arising from these routine 
disposals. 
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Table 3.1 Key consignments to the trenches 

Consignor Key radionuclides Declared form of the 
waste 

Mode of 
Association 

Springfields U-234; U-238 Hex
3
 residues, 

powder and/or scrap 
in drums and some 
baled scrap 

Bulk material / 
powder 

Thorite sand Th-232; U-234; U-238 Sand containing 
thorite (ThSiO4) 

Bulk material 

Monazite sand Th-232 Monazite ore, mixed 
phosphate material, 
(RE/Th/U) PO4 

Bulk material 

Steetley Chemicals Th-232 Mixture of oxide 
phases and individual 
oxide forms (e.g. 
Rare earth hydrates 
in steel drums) 

Bulk material 

Thorium Ltd Th-232; Ra-226; 
U-238 

Mixture of oxide 
phases and individual 
oxide forms (ThO2 
form) in drums 

Bulk material 

Drummed 
Plutonium-
Contaminated 
Material (PCM) 
waste 

Pu-239; Pu-240 Mixed waste of 
plutonium 
contaminated 
material (e.g. PVC, 
steel, glass fibre) 

Surface 
contamination 

The use of assumed fingerprints gives rise to significant uncertainties in the derived 
inventories.  Fingerprints assigned for routine disposals were derived from the Waste 
Tracking Database, supplemented by information derived from the 2007 and earlier 
UKRWI.  The fingerprint information in the UKRWI is that associated with either 
waste streams generated at the time or waste streams projected to arise in the 
future.  Even when the facilities consigning waste to LLWR in the 1950s and 1960s 
still consign LLW, it is far from clear that the fingerprints from current and future 
disposals are appropriate to historic materials; the activities within the facility may 
have changed.  Even if the purpose of the facility has remained the same, changes in 
practices over decades may well have had a material effect upon the waste 
fingerprint.  This problem becomes more acute when a nominally matching fingerprint 
cannot be identified and an ‘average’ consignor fingerprint has to be adopted. 

                                                
3
  Hex = uranium hexafluoride. 
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Figure 3.1 Contribution of key consignments to inventory of trenches 

It is also clear from work undertaken as part of the RECALL programme [24] (see 
below in this subsection) that significant quantities of material were dispatched to 
LLWR when there was every reason to suppose that the radionuclide inventory was 
negligible.  This represents, in part, an element of caution on the part of consignors 
dispatching materials from parts of the Sellafield site, and partly a reflection of the 
convenience of LLWR as a disposal route.  When these disposals are accounted for 
in the inventory, they are assigned a fingerprint which assumes a significant 
radionuclide content.  For these disposals, therefore, the inventory is overestimated.  
All other things being equal, this practice would tend to bias the inventory associated 
towards higher values. 

It is therefore clear that the approach adopted to estimating the inventories of routine 
bulk disposals to the trenches is subject to some significant uncertainties.  
Nevertheless, it represents a pragmatic approach to the problem, and is probably the 
only practicable approach given the type and quality of the data available. 

For a number of consignments, records show both the date and location of disposal.  
For the majority of consignments, however, the location of the disposal is not 
recorded, and only the date of disposal is available.  Those disposals for which date 
and location are available were used as fixed references for the time sequence of 
trench filling, with the locations of the remaining disposals estimated on the basis 
primarily of their disposal date. 

To supplement inventory studies based on examination of documented records of 
disposals to the trenches, LLWR pursued a strand of work, the RECALL programme, 
to elicit information on disposal practices from individuals with previous operational 
and other relevant experience [32], to explore if there was further information that 
could be used to understand the inventory in the trenches. 
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Twenty-eight initial interviews with current and former staff on the LLWR and 
Sellafield sites were carried out independently by EBM Strategic Consulting, on 
behalf of the LLWR, and recorded on DVD.  These interviews were reviewed to 
assess which of the issues raised might be of significance in terms of determining an 
inventory for the trenches.  A total of 45 issues were raised, some by more than one 
interviewee.  These issues could be grouped into a number of broad themes: 

• Unusual dispatches of materials of potential radiological significance; 

• Disposal of materials of non-radiological significance; 

• Disposal of materials of very low or negligible activity; 

• Disposal of material with potentially high radionuclide inventory; 

• Identification of potentially inappropriate disposals; 

• Quality of waste assay. 

Each of the issues identified by an interviewee was subjected to in-depth analysis to 
determine if they could have an impact on the disposal inventory [24].  Assessment 
of the individual issues arising from the RECALL interview process did not find any 
for which the available evidence suggested a significant and quantifiable impact on 
the overall inventory in the trenches.  No changes to the inventory of disposals to the 
LLWR trenches have been recommended as an outcome of the RECALL study. 

In the context of these inventory data, it is important to bear in mind that where 
fingerprint data are available for a consignment, they refer to the activity of 
radionuclides in that consignment at the date of disposal.  Where no radionuclide 
data are available for a given consignment, fingerprint data for waste streams 
believed to be similar in nature were adopted.  Again, these fingerprints refer to the 
activity of the waste stream, at the time the waste arises.  These values have been 
adopted in the present work.  The consequence of this is that the inventories 
presented have not been decay corrected to any reference date, nor has the 
ingrowth of radionuclide daughters been accounted for.  These factors must be taken 
into account by subsequent users of the data.  They are taken into account in the 
radiological assessments undertaken as part of the 2011 ESC. 

The radionuclide inventory in the trenches is summarised in Subsection 5.1. 

3.2 Disposals to Vault 8 until 31st March 2008 

Disposal operations began at the existing engineered disposal vault at the LLWR, 
Vault 8, in 1988.  At around the same time, a new computer-based LLWTS was 
introduced, replacing the paper-based disposal records as the principal source of 
consignment inventory data.  This database is able to provide the basis of the entire 
Vault 8 inventory for the period from 1988 to the present day.  The bulk of wastes 
emplaced in Vault 8 are grouted into containers, which are then stacked in the 
engineered facility.  Large items that will not fit into a container are emplaced and 
mostly grouted directly in place.  The date of 31st March 2008 to separate past and 
future disposals was selected on the basis of the start of the data in the UKRWI. 
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Of the key radionuclides disposed of to LLWR (C-14, Cl-36, Tc-99, I-129, Ra-226,  
U-234 and U-238, Pu-239, Pu-240 & Pu-241, and Am-241), Vault 8 contributes 
substantially to the facility inventory only for Cl-36 (39%), Am-241 (22%) and Tc-99 
(18%).  In addition, the treatment of C-14 in Vault 8 in the ESC is dependent on the 
chemical form assumed.  These key radionuclides have been considered in more 
detail [27].  Assessment of the forms of C-14, Cl-36 and Tc-99 in Vault 8 has been 
based on the different UKRWI between 1988 and 2007 and described in 
reference [29].  A complete radiological inventory is provided in Subsection 5.2. 

The methodology applied to the Vault 8 inventory, which is primarily derived from the 
LLWTS on an individual consignment basis, is described in reference [29].  The 
LLWTS contains details for waste disposed to the Vault 8 disposal areas, and relates 
individual consignments with materials, radionuclides, activity, disposal location, 
containment type, waste volume and other disposal related information. 

The inventory data provided in the LLWTS are limited in some details, specifically the 
materials breakdown, which is held as percentages for six high-level material groups, 
and for some radionuclide groupings.  This led to the use of WIDRAM (Waste 
Inventory Disposition Route Assessment Model) or the 2007 UKRWI reports to 
provide detailed information not available within the LLWTS [29].  WIDRAM was used 
as the primary source of radionuclide and material fingerprint data, as it is based as 
far as is practicable on data in the UKRWI, but has the advantage of having 
undergone processing to remove duplications and fill data gaps.  The materials 
inventory is expressed as a percentage of waste volume rather than a percentage by 
weight.  In the limited number of cases where information was not available in the 
UKRWI, perhaps because the waste stream was no longer being generated, data 
from earlier versions of the UKRWI were adopted in the way described for the 
trenches.  Where no waste stream assignment was possible, generic radionuclide 
and material fingerprint data were generated based on the site of origin [29].   

The 2010 UKRWI was published on 22nd March 2011, but this was too late to form 
the basis of the 2011 ESC.  However, underpinning data have been used, which form 
the basis of the 2010 UKRWI in some cases. 

3.3 Future Disposals 

Two separate but interlinked strands of work were involved in deriving the forward 
inventory for LLWR: 

• the derivation of a forward inventory based upon the current published best 
estimates for arisings, together with current views on the management strategy 
for lower-level waste in the UK; 

• a detailed review of the available information on arisings of key radionuclides to 
assess the reliability of the current published best estimates and the associated 
uncertainties, and where appropriate update the values.  This also considers the 
information that might be available on the way in which individual radionuclides 
are associated with waste forms.   
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3.3.1 The Derivation of the Forward Inventory 

The forward inventory of LLWR is defined as those disposals which are identified in 
the 2007 UKRWI [33].  In developing a forward inventory for LLWR, a number of 
issues need to be accounted for.   

Projected waste arisings 

The information on waste arisings includes information on the sources of the waste 
streams, their radionuclide content, physiochemical properties and the volume arising 
as a function of time.  The way in which individual radionuclides are associated with 
the waste – for example their chemical form, and whether they are present as 
surface contamination or associated with the waste matrix – is important in 
evaluating their behaviour during processing and after emplacement. 

Waste routing  

There are, as yet, a number of uncertainties over which waste streams will be routed 
to LLWR.  For example, it seems possible that a number of LLW streams routed to 
LLWR in the 2007 UKRWI [33] may be reclassified as VLLW and routed to an 
alternative appropriate facility.  Such decisions will clearly have an important effect 
on the volumetric inventory and may materially affect its radiological inventory.  It will 
affect which wastes will be routed to which vaults in the future. 

Waste processing  

The UK Strategy [21] proposes a number of waste processing initiatives, such as the 
smelting of metals, to reduce the volume of material emplaced at LLWR.  This will 
undoubtedly affect the volume of material to be emplaced and may also affect the 
radonuclide inventory if processing were to modify the radionuclide content of the 
waste stream in some way. 

In developing a forward inventory for LLWR, it is recognised that the facility has finite 
capacity.  However, this capacity will undoubtedly be determined by a combination of 
technical and strategic factors.  The inventories given in this document are time 
bounded, determined by the time the wastes are generated.  They make no 
assumptions about the volumetric or radiological capacity of LLWR and are 
calculated based upon all the available arisings data. 

Arisings data were taken from Issue 3 of the database WIDRAM09 [34,35], which 
itself is derived from information in the 2007 UKRWI [33] supplemented by 
information taken from the 2009 Waste Accountancy Templates4.  WIDRAM provides 
information on the source of individual waste streams, their composition in 
radiological and non-radiological terms, and the volume of material arising as a 
function of time. 

This information was used as input to PIER (Projected Inventory Evaluation 
Routine) [25], which has been developed as part of recent work on the LLWR 
inventory.  This couples the arisings data from WIDRAM with information on waste 
processing and routing to determine a forward inventory for LLWR as a function of 
time.  PIER provides, as output: the volumes of primary and secondary wastes5 

                                                
4
  Submissions from NDA-owned sites giving details of waste arisings. 

5
  Primary and secondary wastes are respectively the wastes before processing, and the 

wastes remaining after processing. 
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disposed to LLWR each year, taking account of processing, and quantities of 
radionuclides disposed of to LLWR annually.  In addition, PIER determines the 
inventories of individual vaults based on information on the available capacity of 
vaults and packing fractions.  A detailed account of the methodology involved is to be 
found in references [25,27]. 

3.3.2 Inventory Cases Considered in the 2011 ESC 

A variety of inventories can be derived for LLWR using the same arising data by 
making different assumptions about waste routing and the nature and extent of waste 
processing.  In addition, it is appropriate to examine the effects of including wastes 
not accounted for in the UKRWI, such as those arising from potential new nuclear 
build, and of uncertainties in either primary or secondary waste volumes.   

The different inventories derived to take account of these uncertainties over future 
waste management decisions are referred to as ‘cases’.  It is convenient to consider 
a set of cases in terms of ‘Reference Case’ and other cases which are, in effect, 
variants upon it.  This is the approach that has been adopted. 

The cases used to derive inventories for the 2011 ESC are described below.  Case A 
is the ‘Reference Case’, and is intended as a representation of a bounding case for 
wastes in the UKRWI.  Case B considers the effects of a new nuclear build 
programme on the inventory of LLWR.  Case C addresses the effects of uncertainties 
in disposed volume, and Case D considers the effects of alternative routing for some 
waste streams associated with the management of contaminated land.  More 
detailed definitions of the cases are given in references [26,27].   

Case A: The Reference Case 

The general principles used in assigning waste streams to the forward inventory of 
LLWR are: 

• include all materials identified in WIDRAM09 as LLW unless it can be confidently 
assumed that they will be routed elsewhere; 

• exclude all non-active waste streams on the assumption that these will be 
disposed of at alternative facilities; 

• exclude all waste streams comprising of very low radioactive wastes on the basis 
that these will be more appropriately disposed of to a facility other than LLWR. 

Some specific issues arise in the application of these principles: 

Contaminated land 

With the exception of contaminated land from Sellafield and Dounreay, which is 
assumed to be disposed of locally, all waste streams in WIDRAM09 arising from the 
management of contaminated land are included.   

Wastes with known alternative routings 

• Wastes arising at Dounreay are assumed to be disposed in new LLW disposal 
facilities at Dounreay, and are therefore excluded from the Reference Case 
inventory; 
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• Wastes routed to Clifton Marsh, Calder Landfill Extension Segregated Area 
(CLESA)6 or other existing landfills are excluded; 

• LLW identified as routed to the Geological Disposal Facility is included in the 
Reference Case. 

Orphan wastes 

Those wastes where no routing information is given are included in the inventory; 
waste stream 7A37 is excluded, because it contains very large amounts of free 
mercury. 

New build wastes  

These wastes are excluded from this case. 

Case B: New build wastes 

This case is the same as the Reference Case (Case A), but it also includes LLW 
from new build nuclear power stations.  The volumes and types of LLW arising from 
new nuclear stations, and their phasing, are not yet clear.  The waste arisings from 
new build are estimated based on LLW arisings in the UKRWI from Sizewell B.  This 
is believed to be a cautious approach because the more recent Pressurised Water 
Reactor (PWR) designs envisaged for new build in the UK are designed to generate 
smaller amounts of operational and decommissioning LLW.  Moreover, it is not 
known how many reactors will be built, and consequently this case is indicative of the 
wastes that might arise. 

Waste arisings have been calculated on the following basis: 

• a fleet of eight PWRs; 

• the first PWR to come on stream in 2020, with further stations at four-year 
intervals; 

• operational lifetime 60 years; 

• prompt decommissioning, requiring the same timeframe as Sizewell-B. 

Case C: Alternate arising volumes 

This case provides indicative information that can be used to assess the effects on 
vault inventories of changes to the volumes of materials disposed: 

• Some of the material presently designated as LLW may be categorised as VLLW 
when it is generated and assayed.  This has the potential to significantly lower 
the volume of material disposed without necessarily having a large impact on 
radionuclide inventory; 

                                                
6  CLESA is an area of Sellafield site that is treated as a landfill for low activity waste.  The 

capacity is limited to 100,000 m
3
, and the activity limit of acceptable materials is  

37 Bq g
-1

. 
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• Uncertainties in parameters used in calculating the effect of waste processing on 
disposed volumes leads to uncertainties in disposed volume. 

A study of the likely variability in processed waste volumes due to uncertainties in 
processing parameters and other factors suggested that a reasonable lower limit for 
waste volumes, based on currently available information, could be represented by 
reducing all waste volumes by about 25% [36].  The inventory was generated by 
reducing the material volumes in the Reference Case by 25%, but keeping the 
radionuclide inventory unchanged.  This case could also illustrate an increase in the 
loading efficiency of vaults.  Other cases could be constructed, such as the possibility 
of certain ILW being disposed at LLWR, but that is outside the scope of the 2011 
ESC.   

Case D: Alternative strategies for the management of contaminated land 

The Reference Case assumes that all LLW contaminated land, other than that arising 
on the Sellafield or Dounreay sites, will be routed to LLWR.  Alternative strategies for 
contaminated land management may result in different arrangements.  This case 
explores the bounding assumption that no wastes arising from the management of 
contaminated land are routed to LLWR.  Other assumptions in the Reference Case 
are unchanged. 

3.3.3 Waste Processing 

The waste processing algorithm in PIER is based on the following steps: 

• segregation of the waste stream into its component material types; 

• assignment of each material type to a processing route; 

• processing each material type to generate secondary wastes; 

• disposal of secondary wastes and any unprocessed primary wastes.   

The PIER model recognises four approaches to waste treatment: 

• Disposal unprocessed; 

• Compaction; 

• Smelting of metals; 

• Incineration. 

The implementation of these steps in PIER is discussed in references [25,26].   

Figure 3.2 indicates how different waste types are assigned to the different treatment 
options.  All material types are assigned to a single processing route, with the 
exception of plastics and rubber, soft organics and wood, which are all routed half to 
compaction and half to incineration. 
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Figure 3.2 Allocation of material types to processing routes 

The model recognises that not all the treatable material segregated will necessarily 
be processed.  This might arise from limitations in the available processing capacity 
due either to the build-up of capacity in the UK or to some limitation on what is, in the 
event, practicable. 

Waste processing routes are assumed to give rise to secondary wastes as: 

• compaction – pucks; 

• incineration – ash and stack filters; 

• smelting – slag and stack filters. 

3.3.4 Ascribing Wastes to Vaults 

The opening and closing dates of individual vaults are calculated from the cumulative 
total waste volume after processing treatable wastes.  The calculation of the waste 
volume that can be emplaced in an individual vault takes account of the packing 
efficiency of waste into containers (60%) and of containers into the vault (85.5%).  
The dates at which individual vaults are filled for the different cases are discussed in 
Subsection 4.3. 

In the 2011 ESC, a distinction is made between with the Reference Disposal Area 
(RDA) and the Extended Disposal Area (EDA).  The RDA comprises the trenches 
used for disposal up to 1995 and seven vaults, Vaults 8 to 14, of which the first two 
have already been constructed.  The trenches and these vaults would cover what 
was formerly known as the ‘Consented Area’. 
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The EDA would include six more vaults than the RDA considered in the rest of the 
2011 ESC.  The additional vaults, Vaults 15 to 20, would be situated in the area 
adjacent to the southern-most RDA vault, Vault 14, and the southern end of the 
trenches.   

A repository covering the RDA would have the physical capacity to take all the UK’s 
LLW arising up to about 2080 (see Subsection 4.3), depending on a number of future 
decisions about LLW management, including the extent to which waste segregation 
and treatments are applied.  The assessment for a repository covering the EDA has 
been undertaken to investigate whether all the LLW in the United Kingdom’s 
Radioactive Waste Inventory could be safely disposed at the site, only excluding low 
activity wastes and wastes where an alternative route is or is planned to be available.  
For the above reasons, in the rest of this report, the vaults up to 14 are treated 
differently to the subsequent vaults.   
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4 Summary Data on Wastes Present 

In this section, the materials present in the waste are summarised, taking the 
trenches, Vault 8 disposals to 31st March 2008 and future disposals (including 
disposals to Vault 8 after 1st April 2008) in turn.  The overall composition is tabulated 
at the end of the section. 

4.1 Trenches 

Figure 4.1 shows the main sources of waste in the trenches on a volumetric basis.  It 
is clear that materials from Sellafield are by a large factor the dominant wastes in the 
trenches, with Springfields as the next largest source.  Wastes where the source is 
described as ‘not given’ refer to some disposals to Trench 7 where this information is 
not available in the database [37]. 

 

Figure 4.1 Main contributors to materials inventory of trenches by volume 

The main contributors to the materials inventory of the trenches are shown in 
Figure 4.2.  Only nine of the 53 waste types identified contribute more than 2% of the 
total primary waste volume in the trenches, but these nine waste types contribute 
over 80% of the total volume between them.  Ferrous metals and stainless steels 
between them account for over 26% of the disposed volume to LLWR trenches, 
whilst soil and rubble together contribute some 24%.  Cellulose-based materials 
comprise about 18% of the trench inventory.   
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Figure 4.2 Main contributors to materials inventory of trenches by volume 

4.2 Disposals to Vault 8 to 31st March 2008 

Figure 4.3 shows the materials in the wastes disposed to Vault 8 up until 
31st March 2008 on a volumetric basis.  Only five of the waste types identified 
contribute more than 5% of the total primary waste volume.  Cellulose-based 
materials comprise about 28% of the Vault 8 inventory.  Ferrous metals and stainless 
steels between them account for 21%, and rubble, block cement and soil 16%.   

4.3 Forward Disposals 

Figure 4.4 shows the cumulative volume of processed waste arising as a function of 
time for each of the four forward inventory cases described in Subsection 3.3.2 
above.  For each of the cases, the volume/time curve can be conveniently divided 
into three separate phases. 

In Phase 1 (2008 to 2030) the rate of waste generation is relatively rapid.  Wastes 
arise principally from operations and decommissioning at Sellafield and Springfields, 
with significant contributions from care and maintenance preparations at power 
reactors, principally the Magnox fleet. 

In Phase 2 (2030 to 2070) both Magnox and Advanced Gas-cooled Reactor (AGR) 
fleets are under care and maintenance, awaiting final decommissioning and site 
clearance.  Wastes arise more slowly, with volumes dominated by operational and 
decommissioning wastes from Sellafield and Springfields. 

The rate of waste arisings in Phase 3 (2070 onwards) is greater than that in Phase 2, 
and approaches that in Phase 1.  Sellafield and Springfields are markedly less 
significant contributors in both relative and absolute terms, with the bulk of the 
wastes derived from final stage reactor decommissioning of the AGR and Magnox 
fleets (sometimes termed Stage 3 decommissioning). 
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Figure 4.3 Main materials in inventory emplaced in Vault 8 to 31st March 2008 
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Figure 4.4 Cumulative volume of forward inventory after processing 

 



 

The 2011 ESC  Inventory  

 

LLWR/ESC/(R11)10019 Page 34 of 96   

 

Table 4.1 Fill dates for vaults 

Fill date (†) 

Vault 

Case A Case B Case C Case D 

Cumulative 
volume of 
processed 
waste / m

3
 

(§) 

8 2011 2011 2013 2012 6.24 10
4
 

9 2022 2022 2026 2022 2.01 10
5
 

10 2027 2027 2031 2028 2.89 10
5
 

11 2030 2030 2047 2039 3.50 10
5
 

12 2034 2034 2076 2057 4.14 10
5
 

13 2053 2052 2087 2077 4.86 10
5
 

14 2077 2076 2101 2089 5.70 10
5
 

† Dates rounded to last year in which disposals occur 

§ Value is volume of processed waste only, i.e. excluding grout and containers 

Comparison of data from Case A and Case B, shown in Figure 4.4, shows that the 
assumed new build campaign, represented by Case B, has little effect on processed 
LLW volumes from the Reference Case (Case A) before about 2085.  This reflects 
the relatively small volumes of LLW predicted for the operational phase of any new 
build fleet.  After about 2085, new build stations begin to move into decommissioning, 
and decommissioning waste arisings have an increasing impact on total waste 
volumes.   

As shown in Figure 4.4, reducing the volumes of all waste streams by 25% (Case C) 
simply reduces the cumulative processed waste volume at any point in time by the 
same factor.  Vaults fill at later dates because of these reduced volumes, with 
Vault 14 predicted to fill in 2101, as shown in Table 4.1.   

The effect of rerouting wastes arising from the management of contaminated land 
(Case D) is to reduce the overall volume of waste consigned to LLWR by about 
105 m3.  This volume reduction arises mainly from the diversion of 8 104 m3 of 
contaminated land from the Springfields site (stream CL01), which is predicted to 
arise between 2026 and 2031.  As a result of this waste diversion, the filling dates for 
Vault 11 onwards are materially delayed relative to the Reference Case, with Vault 
14 being predicted to fill in 2089.  The volume of waste for disposal after the closure 
of Vault 14 is also significantly reduced. 

Figure 4.5 shows the principal materials in the forward inventory before processing, 
on a volumetric basis, and Figure 4.6 shows similar information post-processing.  
The total volume before processing is about 1.2 106 m3 and post-processing about 
8.5 105 m3.  The dominant materials before processing are metals and cementitious 
materials.  These materials still dominate after processing is accounted for, although 
processing of metals reduces the relative significance of metallic wastes. 
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Figure 4.5 Main pre-processing materials content of forward inventory in 
reference case 

 

Figure 4.6 Main post-processing materials content of forward inventory in 
reference case 

Although total volumes vary somewhat, the materials breakdown of the processed 
wastes is not markedly affected by the inventory case considered.  Figure 4.7 shows, 
for each of the forward inventory cases, those materials contributing, to any inventory 
case, more than 2% of the forward inventory on a volumetric basis [26].  The only 
substantial difference between cases is that the relative quantity of soil and unknown 
materials is substantially less in the case where wastes from contaminated land are 
routed away from LLWR. 
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Figure 4.7 Materials contributing more than 2% by volume to total forward 
inventory 

4.4 Summary of Materials Inventory 

Materials data, taking account of processing of the forward inventory in line with 
assumptions in the Reference Case, are summarised in Table 4.2.  The distribution 
of materials between different elements of the inventory shows marked variability.  
This variability arises from two principal causes: 

• the occurrence in future disposals of wastes such as concrete (‘block cement’), 
associated primarily with final stage reactor decommissioning; 

• the processing of wastes in the forward inventory, which generates secondary 
wastes which appear only in the vaults and correspondingly reduce the volumes 
of primary wastes such as metals for disposal. 
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Table 4.2 Summary of materials inventory  

 
Forward inventory 
(Reference Case) 

Values in m
3
 of waste Trenches 

V8 at 31
st

 
March 2008 

V8-V14 Beyond V14 

Aluminium metal 1.61E+04 3.34E+03 2.44E+03 1.21E+02 

Aqueous Liquid 1.15E+03 2.50E+02 3.94E+02 0.00E+00 

Asbestos 7.00E+03 6.96E+02 1.31E+04 2.90E+02 

Biological Material 6.31E+01 1.33E+00 3.51E+01 9.33E+00 

Block Cement 1.31E+04 4.37E+03 1.33E+05 1.86E+05 

Boral 6.66E+01 2.72E+00 9.80E+02 0.00E+00 

Brass 2.05E+03 1.69E+02 1.04E+01 3.57E-01 

Bronze 8.83E+01 8.66E+00 4.82E+00 3.67E-01 

Ceramic 3.10E+03 2.20E+02 1.65E+02 8.79E-01 

Complexants 1.60E+03 1.32E+02 1.61E+03 1.88E+02 

Condensation Polymers 2.07E+03 8.42E+02 9.43E+02 5.58E+01 

Copper metal 5.25E+03 4.17E+02 5.53E+02 5.83E+01 

Dural 6.39E+01 1.53E+00 1.56E+01 1.25E+00 

Glass 6.99E+03 8.30E+02 3.78E+03 9.04E+01 

Graphite 2.16E+03 4.62E+02 2.84E+02 1.10E+04 

Halogenated Plastics 4.70E+04 7.04E+03 1.81E+04 7.61E+02 

Halogenated Rubber 9.55E+03 1.35E+03 1.23E+03 2.14E+01 

Inconel 4.31E+02 9.45E+00 5.19E-01 0.00E+00 

Inorganic Ion Exchangers 1.60E+02 2.26E+01 1.81E+02 5.00E+00 

Inorganic Sludge Floc 0.00E+00 0.00E+00 1.71E+03 4.77E+02 

Ion Exchange Resins 1.27E+03 9.75E+02 2.63E+02 3.99E+00 

Lead metal 2.79E+03 3.79E+02 9.04E+02 6.18E+00 

Magnox 2.04E+02 5.39E+01 1.76E+02 7.53E-01 

Miscellaneous Liquid 7.14E+02 3.15E+01 2.83E+02 0.00E+00 

Molybdenum metal 7.75E+01 3.85E+00 0.00E+00 0.00E+00 

Monel 8.14E+01 7.20E+00 1.05E+00 2.02E-01 

Nickel metal 1.51E+03 7.18E+01 0.00E+00 0.00E+00 

Nimonic 6.39E+01 1.30E+00 3.21E+00 0.00E+00 

NonHalogenated Rubber 4.41E+03 8.50E+02 4.36E+03 9.28E+01 

Oil 1.09E+03 6.16E+01 0.00E+00 0.00E+00 

Other Cellulosics 1.05E+05 1.82E+04 3.62E+02 0.00E+00 

Other Ferrous Metal 1.68E+05 1.62E+04 1.13E+05 4.72E+04 

Other Inorganics 4.43E+04 6.05E+02 6.20E+03 7.25E+03 

Other Metals 1.18E+03 2.61E+02 1.50E+02 4.10E+01 

Other Organics 3.44E+03 4.13E+02 7.45E+02 5.47E+00 

Paper and Cotton 1.27E+04 4.12E+03 2.43E+04 1.54E+03 

Putrescible 0.00E+00 0.00E+00 3.56E+02 2.44E+01 

Rubble 1.22E+05 1.09E+04 2.05E+04 1.25E+03 

Soil 7.20E+04 2.73E+03 3.62E+04 1.07E+04 

Stainless Steel 4.84E+04 3.46E+03 3.47E+04 8.58E+03 

Stellite 6.39E+01 1.29E+00 5.28E-01 5.88E-03 

Thermoplastics
7
 2.31E+04 2.56E+03 4.39E+03 9.33E+01 

Unknown Cellulosics 1.51E+03 1.82E+02 4.71E+03 1.39E+03 

                                                
7
  Thermoplastics turn to a liquid when heated and are solid when cooled sufficiently.  They 

can be remelted and remoulded. 
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Forward inventory  

(Reference Case) 

Values in m
3
 of waste Trenches 

V8 at  

31
st

 March 
2008 

V8-V14 
Beyond 

V14 

Unknown Ferrous Metal 3.41E+03 8.83E+02 4.67E+03 3.42E+03 

Unknown Inorganics 3.20E+02 1.08E+02 4.50E+02 5.49E+02 

Unknown Material 6.48E+03 2.94E+03 6.17E+04 3.43E+03 

Unknown Metals 1.26E+04 2.14E+03 1.80E+03 2.46E+02 

Unknown NonHalogenated 
Plastics 

3.23E+03 1.17E+03 8.19E+03 2.86E+02 

Unknown Organics 1.09E+03 6.32E+01 1.14E+03 7.89E-02 

Unknown Plastics 4.65E+02 1.35E+02 2.68E+03 1.64E+03 

Unknown Rubber 1.31E+04 1.94E+03 8.06E+03 9.04E+02 

Uranium metal 1.59E+02 9.87E+00 4.10E-02 0.00E+00 

Wood 4.03E+04 4.28E+03 2.12E+04 5.39E+02 

Zinc metal 6.78E+02 4.87E+01 4.67E+01 1.93E-01 

Zircaloy 9.22E+01 6.60E+00 7.10E+00 1.99E+00 

Compacted puck 0.00E+00 0.00E+00 2.00E+04 1.69E+03 

Incinerator ash 0.00E+00 0.00E+00 9.95E+02 1.02E+02 

Incinerator filter 0.00E+00 0.00E+00 9.95E+02 1.02E+02 

Smelting slag 0.00E+00 0.00E+00 3.74E+03 1.65E+03 

Smelting filter 0.00E+00 0.00E+00 3.74E+03 1.65E+03 
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5 Radionuclide Content  

This section provides tabulations of the inventory in the trenches (Table 5.1), the 
disposed inventory in Vault 8 up until 31st March 2008 (Table 5.2) and future arisings, 
including disposals to Vault 8 after 1st April 2008 (Table 5.3).  To obtain the total 
inventory for Vault 8, the disposed inventory should be added to the contribution to 
Vault 8 in future arisings.  The overall inventory is summarised in Table 5.4.  The 
heterogeneity for the most important radionuclides between the different parts of the 
facility is discussed in Subsection 5.5.  The current inventory is compared to that for 
the 2002 PCSC in Subsection 5.6.  Alternative inventory cases for future arisings are 
discussed in Subsection 5.7. 

5.1 Overview of the Trench Inventory 

The total inventories of the 112 radionuclides for which data are available are given 
in Table 5.1.  The activities presented are those at the time of disposal.  The 
information presented here covers all the materials and radionuclides recorded in the 
database that has been developed [29,37].  The most abundant radionuclide in 
activity terms is H-3, with a total inventory of about 500 TBq, of which almost 90% is 
located in a small area of Trench 6 and is associated with the disposal of redundant 
Trimphone dials.  Despite the apparently high activity at the time of disposal, H-3 is of 
little significance to the ESC because of its relatively short half life (about 12.3 years) 
and its low radiotoxicity.   

For about three-quarters of the radionuclides considered, the spatial distribution is 
relatively homogeneous.  A small number of radionuclides are distributed with a high 
degree of heterogeneity.  Most of these radionuclides exhibiting a high degree of 
heterogeneity are of low significance to the ESC, although a small number of key 
radionuclides, Ra-226, Pu-239 and Th-232, exhibit a significant degree of 
heterogeneity.  Further details are given in reference [26,27].  A more detailed 
discussion of the information for key radionuclides is presented in Subsection 5.5.   

As discussed in Section 3, estimates of the radionuclide inventories of the trenches 
have been critically reviewed.  The values tabulated represent the best estimates of 
the inventories of the various radionuclides.  Given the nature and quality of the 
available data, further analysis is unlikely to improve the quality of these best 
estimates.  There are, however, a number of sources of uncertainty, which are 
difficult to quantify.  Analysis has indicated that the radionuclide inventories in the 
trenches should be bounded by an upper limit that is an order of magnitude greater 
than the best estimate presented in Table 5.1 [27]. 
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Table 5.1 Trench radionuclides inventories based on activities at time of 
disposal 

TRENCH INVENTORY / TBq 
 

1 2 3 4 5 6 7 
TOTAL 

Ac-227 0.00E+00 3.03E-19 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.03E-19 

Ag-108m 8.21E-08 3.60E-07 2.70E-06 3.87E-06 2.18E-06 5.08E-06 1.03E-05 2.45E-05 

Ag-110m 4.20E-05 1.28E-04 2.61E-04 3.90E-04 4.16E-04 5.77E-04 5.66E-04 2.38E-03 

Am-241 2.35E-02 6.24E-02 6.68E-02 2.14E-01 6.95E-02 5.83E-02 1.24E-01 6.19E-01 

Am-242m 2.39E-04 1.55E-03 7.49E-04 6.08E-04 6.03E-04 1.01E-03 1.39E-03 6.14E-03 

Am-243 3.54E-06 8.89E-06 9.15E-06 4.50E-06 2.60E-06 6.02E-06 2.97E-05 6.44E-05 

Ba-133 3.34E-04 7.14E-04 1.00E-03 6.26E-04 6.27E-04 8.97E-04 1.22E-03 5.42E-03 

Be-10 0.00E+00 5.29E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.29E-16 

C-14 5.87E-03 1.23E-02 2.04E-02 1.36E-02 1.54E-02 1.59E-02 1.64E-02 9.98E-02 

Ca-41 2.47E-04 2.98E-04 1.06E-03 1.00E-03 1.30E-03 1.04E-03 6.28E-04 5.58E-03 

Ca-45 4.56E-06 1.44E-04 4.29E-04 3.93E-04 3.48E-04 4.09E-04 3.38E-04 2.07E-03 

Cd-109 1.64E-05 2.05E-04 3.68E-04 5.23E-04 6.78E-04 9.50E-04 7.27E-04 3.47E-03 

Cd-113m 1.04E-10 1.42E-09 4.47E-10 2.23E-10 1.57E-10 2.60E-10 2.74E-10 2.89E-09 

Ce-141 9.01E-05 2.02E-04 2.22E-04 8.77E-05 4.90E-05 1.33E-04 3.10E-04 1.09E-03 

Ce-144 6.55E-02 1.49E-01 1.64E-01 6.65E-02 3.78E-02 1.00E-01 4.63E-01 1.05E+00 

Cf-249 1.70E-09 1.28E-09 1.28E-10 1.50E-10 6.40E-11 3.92E-10 3.79E-09 7.50E-09 

Cf-250 5.02E-08 1.32E-08 8.94E-10 3.54E-09 3.09E-10 1.12E-09 4.18E-09 7.35E-08 

Cf-251 1.95E-08 9.58E-08 3.94E-07 2.04E-07 2.20E-07 3.27E-07 2.53E-07 1.51E-06 

Cf-252 5.15E-07 2.70E-06 6.82E-06 3.27E-06 3.24E-06 4.87E-06 3.86E-06 2.53E-05 

Cl-36 7.21E-05 3.44E-04 1.57E-03 2.78E-03 3.78E-03 5.59E-03 4.34E-03 1.85E-02 

Cm-242 9.12E-05 8.09E-04 5.11E-04 2.25E-04 6.36E-05 1.75E-04 3.23E-03 5.10E-03 

Cm-243 2.44E-05 3.35E-04 2.00E-04 8.98E-05 2.22E-05 4.54E-05 8.32E-05 8.00E-04 

Cm-244 2.43E-04 7.70E-04 7.51E-04 3.39E-04 1.82E-04 4.52E-04 1.91E-03 4.65E-03 

Cm-245 6.81E-08 1.53E-07 1.68E-07 6.63E-08 3.70E-08 1.01E-07 8.01E-07 1.39E-06 

Cm-246 6.81E-08 1.53E-07 1.68E-07 6.62E-08 3.69E-08 1.00E-07 2.42E-07 8.34E-07 

Cm-248 6.38E-08 3.40E-07 1.41E-06 3.24E-07 1.42E-07 2.11E-07 1.61E-07 2.66E-06 

Co-57 1.09E-03 2.58E-03 3.45E-03 2.56E-03 2.77E-03 4.80E-03 6.12E-03 2.34E-02 

Co-58 3.19E-03 7.21E-03 7.87E-03 3.11E-03 1.73E-03 4.69E-03 1.09E-02 3.87E-02 

Co-60 9.77E-02 2.34E-01 2.88E-01 1.57E-01 1.32E-01 2.03E-01 5.41E-01 1.65E+00 

Cr-51 3.24E-04 2.85E-03 1.44E-03 7.88E-04 2.00E-04 5.97E-04 8.77E-04 7.08E-03 

Cs-134 9.86E-03 2.30E-02 2.65E-02 1.32E-02 8.42E-03 1.91E-02 2.52E-01 3.52E-01 

Cs-135 0.00E+00 1.27E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.27E-13 

Cs-137 7.80E-01 1.81E+00 2.15E+00 2.44E+00 1.07E+00 1.53E+00 6.19E+00 1.60E+01 

Es-254 5.67E-10 4.27E-10 4.26E-11 4.98E-11 2.13E-11 1.31E-10 1.26E-09 2.50E-09 

Eu-152 7.88E-03 9.81E-03 3.39E-02 3.24E-02 4.22E-02 3.46E-02 2.08E-02 1.81E-01 

Eu-154 3.35E-03 7.13E-03 9.97E-03 6.28E-03 5.75E-03 7.97E-03 1.72E-02 5.76E-02 

Eu-155 7.09E-04 1.79E-03 1.88E-03 8.80E-04 5.12E-04 1.28E-03 7.04E-03 1.41E-02 

Fe-55 1.94E-02 5.24E-02 1.01E-01 8.63E-02 8.05E-02 9.20E-02 1.36E-01 5.68E-01 

Fe-59 1.14E-04 2.66E-04 2.88E-04 1.24E-04 7.35E-05 1.75E-04 5.51E-03 6.55E-03 

Gd-153 2.62E-06 1.61E-05 2.29E-05 4.20E-05 5.91E-05 8.84E-05 6.90E-05 3.00E-04 

H-3 3.53E-02 8.61E-02 3.24E+01 1.67E+01 5.78E+00 4.47E+02 3.27E-01 5.02E+02 

Hg-203 2.38E-06 5.33E-06 5.86E-06 2.33E-06 1.32E-06 3.55E-06 8.17E-06 2.89E-05 

Ho-166m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.96E-10 2.29E-07 2.29E-07 

I-125 9.38E-08 4.99E-07 2.06E-06 1.15E-06 1.29E-06 1.92E-06 1.47E-06 8.48E-06 

I-129 2.28E-04 5.07E-04 5.72E-04 2.44E-04 1.54E-04 3.56E-04 8.90E-04 2.95E-03 
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TRENCH INVENTORY / TBq 
 

1 2 3 4 5 6 7 
TOTAL 

Ir-192 2.08E-06 1.11E-05 4.60E-05 2.37E-05 2.55E-05 3.79E-05 2.90E-05 1.75E-04 

K-40 3.08E-06 4.19E-05 6.02E-05 3.47E-05 2.44E-05 1.50E-05 7.45E-05 2.54E-04 

Kr-85 3.54E-04 1.32E-03 1.66E-03 8.31E-04 5.53E-04 1.04E-03 1.66E-03 7.42E-03 

Mn-54 2.37E-03 6.40E-03 7.10E-03 3.76E-03 2.39E-03 4.55E-03 1.88E-02 4.54E-02 

Mo-93 4.13E-09 5.09E-09 1.76E-08 1.67E-08 2.17E-08 1.73E-08 7.75E-09 9.02E-08 

Na-22 9.14E-06 5.27E-05 1.75E-04 4.04E-04 5.94E-04 8.83E-04 6.76E-04 2.79E-03 

Nb-93m 0.00E+00 1.85E-13 0.00E+00 0.00E+00 0.00E+00 3.53E-06 5.52E-04 5.56E-04 

Nb-94 6.33E-07 1.27E-05 1.70E-05 9.91E-06 7.03E-06 5.07E-06 2.69E-05 7.92E-05 

Nb-95 5.85E-03 1.33E-02 1.45E-02 5.91E-03 3.37E-03 9.00E-03 3.08E-02 8.28E-02 

Ni-59 6.58E-06 3.97E-05 2.84E-05 1.52E-05 1.18E-05 1.75E-05 5.85E-05 1.78E-04 

Ni-63 1.53E-02 3.50E-02 4.17E-02 2.18E-02 1.46E-02 2.94E-02 7.40E-02 2.32E-01 

Np-237 3.79E-03 4.35E-03 2.33E-03 1.17E-03 6.26E-04 1.98E-03 1.22E-02 2.65E-02 

OA 1.14E-08 2.91E-08 8.62E-04 3.66E-02 9.58E-03 2.70E-03 8.28E-06 4.97E-02 

OBG 1.37E-05 3.62E-05 3.90E-02 1.65E+00 4.33E-01 1.22E-01 1.08E-02 2.26E+00 

P-33 6.58E-08 3.50E-07 1.46E-06 1.15E-06 1.45E-06 2.15E-06 1.64E-06 8.27E-06 

Pa-231 1.48E-05 1.88E-05 5.79E-06 3.81E-06 2.34E-06 6.40E-06 3.83E-05 9.02E-05 

Pa-232 4.39E-08 1.00E-07 1.09E-07 4.31E-08 2.43E-08 6.49E-08 1.49E-07 5.35E-07 

Pa-233 4.64E-07 1.04E-06 1.14E-06 4.59E-07 2.57E-07 6.85E-07 1.63E-06 5.67E-06 

Pb-210 1.16E-04 4.49E-04 6.37E-04 2.57E-04 3.07E-04 2.92E-04 1.66E-04 2.22E-03 

Pd-107 0.00E+00 2.04E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.04E-14 

Pm-147 6.25E-03 1.66E-02 2.02E-02 1.04E-02 7.49E-03 1.66E-02 7.20E-02 1.50E-01 

Po-210 4.58E-04 8.95E-04 2.06E-03 1.67E-03 2.15E-03 1.86E-03 9.82E-04 1.01E-02 

Pu-236 4.69E-07 1.05E-06 1.16E-06 4.76E-07 2.74E-07 7.07E-07 9.70E-06 1.38E-05 

Pu-238 4.83E-03 4.32E-02 1.40E-02 7.90E-02 2.26E-02 1.32E-02 3.16E-02 2.08E-01 

Pu-239 2.94E-02 1.07E+00 7.62E-02 1.90E-01 6.08E-02 5.82E-02 1.26E-01 1.61E+00 

Pu-240 1.62E-02 3.49E-01 4.51E-02 2.28E-01 6.60E-02 4.10E-02 7.17E-02 8.17E-01 

Pu-241 2.73E-01 1.12E+01 6.95E-01 3.44E-01 2.00E-01 4.51E-01 1.47E+00 1.46E+01 

Pu-242 8.77E-06 3.88E-05 1.97E-05 1.49E-05 1.20E-05 2.18E-05 4.19E-05 1.58E-04 

Ra-225 3.50E-10 7.86E-10 8.99E-10 3.39E-10 1.89E-10 5.22E-10 6.86E-08 7.17E-08 

Ra-226 1.02E-03 5.70E-02 2.20E-01 3.12E-03 3.65E-03 3.17E-03 1.96E-03 2.90E-01 

Ra-228 4.31E-06 5.96E-01 5.19E-01 4.09E-01 3.67E-01 6.31E-03 8.38E-06 1.90E+00 

Ru-103 8.88E-04 2.11E-03 2.23E-03 9.00E-04 4.97E-04 1.32E-03 3.49E-03 1.14E-02 

Ru-106 3.26E-02 7.43E-02 8.26E-02 4.78E-02 2.34E-02 5.25E-02 5.07E-01 8.21E-01 

S-35 1.10E-04 7.46E-04 4.92E-04 4.22E-04 2.87E-04 4.69E-04 5.13E-04 3.04E-03 

Sb-124 2.50E-06 5.61E-06 6.19E-06 2.55E-06 1.42E-06 3.83E-06 1.05E-05 3.26E-05 

Sb-125 1.17E-02 2.66E-02 2.94E-02 1.19E-02 6.91E-03 1.78E-02 5.28E-02 1.57E-01 

Sc-46 7.05E-06 1.75E-05 1.81E-05 7.20E-06 3.83E-06 1.04E-05 2.84E-05 9.25E-05 

Se-75 6.11E-06 3.26E-05 1.50E-04 3.91E-04 5.85E-04 8.54E-04 6.37E-04 2.66E-03 

Se-79 0.00E+00 1.93E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.93E-13 

Sm-151 1.13E-04 3.34E-04 4.92E-04 3.49E-04 2.41E-04 3.43E-04 1.13E-03 3.00E-03 

Sn-113 4.02E-07 2.46E-06 3.64E-06 3.80E-06 4.86E-06 7.30E-06 5.79E-06 2.82E-05 

Sn-119m 1.07E-08 5.69E-08 2.37E-07 5.26E-07 7.74E-07 1.15E-06 8.79E-07 3.63E-06 

Sn-121m 0.00E+00 2.88E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.88E-12 

Sn-126 0.00E+00 4.73E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.73E-14 

 
















































































































