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The Low Level Waste Repository (LLWR) is undertaking a programme of work leading to the issue 
of an Environmental Safety Case in 2011 (2011 ESC). The ESC will provide an assessment of the 
environmental safety of the facility, including an appraisal of the nature and quantity of radioactive 
and non-radioactive materials which might be released to the biosphere, and of the consequences 
of such releases. An understanding of the inventory of the facility is fundamental to such 
assessments. In preparation for the 2011ESC a programme of work has been undertaken to:  

• Review the inventory already disposed to the trenches and to Vault 8; 

• Evaluate the base data upon which estimates of the potential forward inventory of the 
facility will depend; 

• Generate forward inventories for the facility based on alternative sets of assumptions about 
waste arisings, routing and processing. 

 
This report draws together the strands of work described above, to provide a single reference for 
inventory data for the 2011 ESC and the method by which it was derived, and to provide a bridge 
between detailed studies and the ‘Level 2’ inventory report to be produced as part of the 2011 
ESC. The focus here is on those radionuclides of actual or potential significance to the 2011 ESC, 
but top-level information is provided on all radionuclides for which data are available. Data within 
this report are presented graphically wherever this is feasible, as such a presentation generally 
aids appreciation of the important issues. Detailed numerical data are provides in spreadsheet form 
on a CD which accompanies the written text.  
 
Estimates of the radionuclide inventories of the trenches have been critically reviewed. The 
approaches adopted to obtain best estimates represent a pragmatic approach to the problem and 
are probably the only practicable approach given the nature and quality of the available data. 
Further analysis is unlikely to improve the quality of these best estimates materially. There are, 
however, inevitably a number of sources of uncertainty in these estimates which must be 
recognised. These uncertainties are difficult to quantify accurately, but analysis indicates that 
radionuclide activities will be bounded by an upper limit set at ten times the best estimate. 
 
Information on wastes disposed to Vault 8 is of much higher quality than that available for the bulk 
of disposals to the trenches. On this basis it is cautious to set the upper bound for radionuclide 
inventories for materials disposed of to Vault 8 at the same level as that for the Vaults: a factor of 
10 greater than the best estimate. 
 
Uncertainty in the radionuclide content of the forward inventory arises from uncertainties in the 
underlying data and uncertainties in the assumptions made to convert these data to forward 
inventory values. Uncertainties for key radionuclides have been discussed in general terms. For 
individual waste streams, in the absence of specifically identified issues, uncertainty bounds given 
in the UK Radioactive Waste Inventory (UKRWI) are appropriate. These are interpreted as related 
to a log triangular distribution, with the best estimate taken as the mode, and the lower an lower 
bounds as the 5

th
 centile and 95

th
 centile respectively. Uncertainties in the assumptions used to 

convert raw data to an inventory are explored through a series of cases in which inventories are 
calculated on different bases. 
 
Some of the more important issues associated with those radionuclides identified in the 
Requirement 2 submission as likely to be the most important to an ESC are summarised below. 
 
C-14 

Most of the activation product C-14 in the UK LLW inventory will arise post 2070, and thus 
after the closure of Vault 14 in all but one of the inventory scenarios considered. The principal 
sources of C-14 in the forward inventory are activated steels and LLW core graphites 
associated with Stage 3 decommissioning of the AGR and Magnox fleets. The inventory of 
C-14 in core graphites is subject to some uncertainty because of uncertainty in assessed 
levels of N-14, one of its precursor nuclides. 
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Cl-36 
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 and LLW graphites 
generated as waste in Stage 3 decommissioning. Most of the Cl-36 in the forward inventory 
will arise significantly post-2070, and thus after the closure date for Vault 14 in all but one of 
the inventory cases considered. The Cl-36 inventory of LLW from Stage 3 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 given the present state of knowledge. 

 
Tc-99 

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 LLWR 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 factor of two as a result of 
the use of inappropriate fingerprints for some parts of the dominant waste stream. 

 
I-129 

A total of 2.13x10
-2

 TBq of I-129 is identified in the disposed and forward LLW inventories. 
1.56x10

-2
 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.  

 
Ra-226 

Thre present assessment of the Ra-226 inventory considers only those sources identified in 
the UKRWI, and does not, therefore consider naturally occurring radioactive materials 
(NORM) arising from remediating non-nuclear sites. Of the 2.38TBq of Ra-226 assessed to be 
present in the disposed and forward UK LLW inventories, 0.27TBq 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 orders of magnitude in the present assessment. The timing of arisings is 
also extremely uncertain. 

 
Th-232 

The bulk of theTh-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 contamination on mixed wastes, whilst the 
remainder is dispersed in the bulk of mineral disposals. 

 
U-234 and U-238 

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. 
 

Pu-239, Pu-240 and Pu-241 
The majority of the inventory of these 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%. 
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Am-241 

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 LLWR 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. 
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The Low Level Waste Repository (LLWR) is undertaking a programme of work leading to the issue 
of an Environmental Safety Case in 2011 (2011 ESC). The ESC will provide an assessment of the 
post-closure safety of the facility, including an appraisal of the nature and quantity of radioactive 
and non-radioactive materials which might be released to the biosphere, and of the consequences 
of such releases. An understanding of the inventory of the facility is fundamental to such 
assessments. 
 
A substantial amount of work has already been undertaken to estimate the radionuclide and 
materials inventories of the trenches and of materials already disposed to Vault 8 [1, 2]. These 
reports also considered the forward inventory projected for LLWR based upon information drawn 
from the 2004 UK Radioactive Waste UInventory (UKRWI) [3].  
 
In preparation for the 2011 ESC a programme of work has been undertaken to:  

• Review the inventory already disposed to the trenches and to Vault 8 [4, 5, 14], evaluating 
likely uncertainties 

• Evaluate the base data upon which estimates of the potential forward inventory of the 
facility will depend [4]; 

• Generate forward inventories for the facility based on a critically reviewed dataset, and 
alternative sets of assumptions about waste arisings, routing and processing [6,7] 

 
The primary references cited above are supported by a variety of reports which explore detailed 
issues of relevance to the disposed or forward inventories. 
 
This report draws together the strands of work described above, to provide a single reference for 
inventory data for the 2011 ESC and to provide a bridge between reports of detailed studies and 
the ‘Level 2’ inventory report to be produced as part of the 2011 ESC. The focus here is on those 
radionuclides of actual or potential significance to the 2011 ESC, but top-level information is 
provided on all radionuclides for which data are available. Data within this report are presented 
graphically wherever this is feasible, as such a presentation generally aids appreciation of the 
important issues. As noted below, however, detailed numerical data are provided in spreadsheet 
form on the CD which accompanies the written text.  
 
In addition to this top-level information, the report discusses in more detail the data available for 
those radionuclides (C-14, Cl-36, Tc-99, I-129, Th-232, Ra-226, U-234 and U-238, Pu-239, Pu-240, 
Pu-241 and Am-241) which are expected to have a significant effect upon the ESC on the basis of 
analyses undertaken for the Requirement 2 submission [8, 9,16].  
 
The present report considers the materials and radionuclide inventory of LLWR. A review of non-
radiological and chemotoxic species is to be found in Reference 10. 
 
 
The report is structured as follows: 
 
Section 2 provides an outline description of the facility and some background information useful to 
an understanding the remainder of the report. 
 
Section 3 discusses the inventory disposed to the trenches: the methods by which the inventory 
was estimated, generic uncertainties associated with these methods, the best estimate inventories 
thus derived, uncertainties associated with specific radionuclides, and any available information on 
the chemical speciation of the radionuclide and its association with the elements of the waste 
matrix.  
 
Section 4 provides similar information of the disposed inventory of Vault 8. 
 
Section 5 describes the approach to developing the forward inventory, the inventory cases 
considered, and the assumptions made about waste routing and processing in each case.  
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Section 6 discusses the inventories so derived for each case, together with the supplementary 
information, together with the associated uncertainties and the available information on speciation 
and association with individual waste forms. 
 
Section 7 provides a summary of the report, whilst the data CD provides detailed numerical 
information. 
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2.1 Facility description 

 
The low level waste (LLW) disposal facility near Drigg in Cumbria (LLWR) was opened in 1959. It 
accepts LLW from nuclear sites, hospitals, universities and a wide variety of small users across the 
UK. Figure 1 shows an aerial view of LLWR from the north-west, focussing on that part of the site 
currently used for disposals, which used to be known as the ‘consented area’. Other parts of the 
site contain the infrastructure required to support disposal operations. The figure clearly shows 
three separate elements of the facility which will be discussed further below:  

• The trenches, used for disposals up to 1995, and now covered with a temporary cap of 
membrane under grassed earth, pending the future installation of a permanent cap. 

• Vault 8, an engineered concrete vault, presently in use for the disposal of waste. 

• Vault 9, an engineered concrete vault similar in concept to Vault 8, under construction, but 
now fully commissioned and being used for the storage of waste pending permission for 
final disposal. 

 
The general layout of the disposal area of LLWR is shown in Figure 2, which gives the layout of the 
trenches and indicates the sites of existing and future vaults, which would accommodate LLW 
arising after Vault 9 fills. It should also be noted that the figure indicates the possibility of up to 15 
vaults within the consented area. The exact number of vaults which could be constructed in the 
consented area is, of course, a function of the detailed design of the vaults and may vary from that 
indicated here. 
 
Figure 3 provides a timeline of some of the main phases of LLWR operations. In particular, it 
indicates the dates at which the trenches and vaults open and close. It should be noted that the 
closure date given for disposals to Vault 8, and the opening date for disposals to Vault 9, lie in the 
future and are therefore somewhat uncertain. 
 
Between 1959 and 1995, LLW was systematically ‘tumble tipped’ into the series of seven clay-lined 
trenches in a manner analogous to that used at conventional landfill sites. The location of individual 
disposals can be inferred on the basis of the date of disposal recorded for the disposal and a 
knowledge of which ‘bay’ in the trench was in use at the time. It should be noted that these bays 
have no physical existence, and are, rather, a grid referencing system. It is also worth noting that 
tumble tipping the waste will have resulted in some spreading of the waste as it falls into the trench. 
The inferred location of an individual disposal in the trenches is therefore only approximate. 
 
Since 1988, concrete-lined vaults have been available for waste disposal, although Trench 7 
continued to be used in parallel with the first of the concrete lined vaults until 1995. In the vaults, 
small items and compressible LLW are compacted where possible, grouted into drums which are 
then placed and grouted in iso-containers for emplacement in the vault. Larger items, such as 
wood and metal, are wrapped and placed directly into the vault without packing into half-height iso-
containers (HHISOs)  
 

2.2 Conventions for underlying radionuclide and materials information 

Radionuclide data for materials emplaced in the trenches, or in Vault 8 before 31 March 2008, are 
taken from the appropriate disposal records. Where radionuclide activities are available for specific 
disposals the values recorded relate to the waste at the time of disposal. Where no specific 
measurements are available, and a generic fingerprint has been applied, this is also taken to relate 
to the waste at the time of disposal. 
 
The information for the forward inventory was based upon the most recent available version of the 
UKRWI published in 2007 [3]. Whilst the UKRWI is updated only every three years, NDA sites 
produce re-estimates of forward waste arisings every year in support of their lifetime plans. These 
re-estimates are captured by the WIDRAM database to produce a more up-to-date dataset than 



SERCO/E003756/12 Issue 2 

 

Page 14 of 144 

that represented by the UKRWI. The most recent version of WIDRAM available for this work is 
WIDRAM09 [11]. For the forward inventory developed for the 2011 ESC, the information available 
in WIDRAM09 was critically reviewed by Swanton et al [4]. To ensure that the data presented 
accurately reflects the best current information.  
 
Activity values drawn from these sources are taken to be the activities estimated for the waste at 
the time it is generated. Modelling of the forward inventory assumes prompt disposal of the wastes, 
and thus takes the values quoted as those at the time of disposal. The values used in these 
underlying sources have been used directly in the inventories quoted here, and not decayed to a 
specific reference date nor has any ingrowth of radionuclide daughters post emplacement been 
accounted for. 
 
A number of ‘generic’ descriptions such as ‘other alpha’ or ‘unknown alpha’ (UnA) are adopted in 
both the UKRWI [3] and the databases underpinning the inventory of disposed wastes [12]. It is 
likely that these descriptors have the same meaning. However, no attempt has been made here to 
consolidate data provided under these headings. Similarly, there has been no attempt to assign 
values under these descriptions to individual radioisotopes. This approach increases the 
transparency of the data provided here, and allows users of the inventory to make the assumptions 
most appropriate to their purposes. 
 
Materials volumes in the underlying data are quoted on the following basis: 

• For disposals to the trenches and emplaced in Vault 8 before 31 March 2008, the volumes 
quoted are those of waste materials disposed to the facilities, estimated as described in 
Sections 3 and 0. 

• For the forward inventory, materials volumes in the underlying data are also quoted on the 
basis of raw wastes. In generating the forward inventory, these are adjusted to allow for 
waste volumes post-processing. The values quoted are therefore the processed waste 
volumes themselves. Unless otherwise specifically stated, they do not account for the 
efficiency of packing waste into disposal containers or containers into vaults and do not, 
therefore, represent the packaged volume of the wastes or the geometric volume the 
packaged waste occupies in the vaults. 

 

Trenches

Vault 8

Vault 9

 
 

Figure 1: LLWR from the North West 
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Figure 2: Layout of current disposal area at LLWR 
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Figure 3: LLWR timeline 
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3.1 Background 

In the period between 1959 and 1995 LLW was disposed of to a series of seven clay-lined 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 authorization under RSA 60 required detailed characterization of the 
waste streams in terms of the radionuclide and materials fingerprints. Before this time, 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. The most recent detailed evaluation of the trench inventory has been reported by 
Wareing et al [1]. 
 
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 are 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, if such corrections 
are thought appropriate. 
 
This section of the present report: 

• Describes how the radionuclide and materials inventories of the trenches were derived 

• Provides an overview of the available inventory data 

• Discusses in detail the data available for those radionuclides (C-14, Cl-36, Tc-99, I-129, 
Th-232, Ra-226, U-234 and U-238, Pu-239, Pu-240, Pu-241 and Am-241) which are 
expected to have a significant effect upon the ESC on the basis of analyses undertaken for 
the Requirement 2 submission [16]. 

• Describes the methods by which the heterogeneity of disposals to the trenches was 
evaluated. 

 
The section also contains a brief discussion of the ‘Recall’ programme, which was aimed at 
capturing the memories of individuals associated with LLWR and evaluating any implications for 
the disposed inventory of the trenches. 
 
 
 

3.2 Deriving trench inventories 

 

3.2.1 Approach 

As noted above, the process of deriving an inventory for the trenches is not straightforward, given 
the variable extent and quality of the available information. Wareing et al [1] therefore developed a 
pragmatic approach to deriving the trench inventory, 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’.  
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‘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 
captured directly from the disposal records. The quality of the information for these disposals is 
believed to be to be relatively high as it is based on direct characterization.  
 
The remaining disposals were assigned as ‘routine consignments’. Radionuclide and materials 
fingerprints were assigned on the basis of information gathered on characterized streams believed 
to be similar in nature. Inventories for the disposals were then calculated by backfitting this 
information to reported disposal volumes. The inventory information on routine disposals is 
therefore inevitably of lower quality than that for key disposals.  
 

Consignor Key radionuclides Declared form of the 
waste 

Mode of 
Association 

Springfields U-234; U-238 Hex 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 PCM waste Pu-239; Pu240 Mixed waste of 
plutonium 
contaminated material 
(e.g. PVC, steel, 
glassfibre) 

Surface 
contamination 

Table 1: Key consignments to the trenches 
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Figure 4: Contribution of key consignments to inventory of trenches 

 
 

3.2.2 Key consignments 

The nature of the key consignments identified by Wareing et al are shown in Table 1 together with 
an indication of their physical nature and the radionuclides they contain.  Figure 4 shows, the 
fraction of the trench inventory associated with key disposals. Over 90% of the trench inventory of 
Ra-226, Th-232, U-234, and U-238 is associated with key disposals. Information on these key 
consignments will therefore provide the characterisation data required for these materials in the 
trenches. More detailed descriptions of each key disposal, and the way in which its radionuclide 
inventory was derived, is given in Section 3.5. For the isotopes of Pu considered, key disposal form 
an important part of the inventory, but routine disposals also make a major contribution. 
 
The materials compositions of the key consignments have been assessed on the basis of the 
disposal records as described in Section 3.5 below. 
 
 

3.2.3 Routine disposals 

‘Routine’ consignments are those which are likely 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 10

5
 disposals of this type were made to the trenches. 

 
In general, data for routine disposals to the trenches are rather more limited than those available 
for key consignments. Although the quality and extent of data improves with time, so that it is better 
for more recent 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 and an 
approximate volume estimate [1]. These limitations in the available raw data inevitably act as a 
constraint on the ways in which inventory data can be developed and the quality of the resulting 
information.  
 




































































































































































































































































