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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 
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which each report mainly provides evidence.  The ESC is supported by a large 
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 
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fully satisfy themselves, however, for example, to find supporting information and 
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 summarises the conceptual model for the evolution of the LLWR near 
field, with particular focus on the chemical evolution and the behaviour of key 
radionuclides.  This conceptual model also provides an appropriate basis for 
addressing the release of chemotoxic contaminants.  Overall, these near-field studies 
demonstrate the application of sound science, underpin our approach to assessment 
and optimisation and provide a basis for defining waste acceptance criteria.   

Groundwater flow through the near field depends on the evolution of the engineered 
barriers over timescales of hundreds of years.  Hydrogeological models of the near 
field predict that partially saturated conditions will be maintained within the vaults and 
trenches for several hundred years.  The metal containers, in which the vault wastes 
are disposed, will isolate contaminants from contact with infiltrating water.  After 
some time, possibly a few hundreds of years, the metal containers in the vaults will 
have partially corroded to the point that flow through the containers will be possible.  
Much of the water flowing down would then pass through the containers.  In the 
unsaturated region, the water flowing down would be drawn into the cement grout by 
capillary forces.  In the saturated region, the water flowing down would tend to flow 
through the gaps between the containers.  Over longer time periods the containers 
and wastes will degrade to the extent that the gaps between the containers will no 
longer exist. 

The chemical evolution of the near field has been examined through the use of the 
Generalised Repository Model (GRM) computer program, which models chemical 
reactions and the transport of contaminants.  GRM has been used to investigate the 
evolution of chemical conditions (pH, Eh), uranium and technetium aqueous 
speciation and solubility, and C-14 partitioning between solid, aqueous and gaseous 
phases.  We have built confidence in the model by comparing predictions with site 
monitoring data and independent experiments of gas generation from cellulosic 
waste.   

For the trenches, degradation of cellulosic waste and corrosion of metal will lead to 
the development of mildly acidic and sulphate-reducing conditions.  These conditions 
are expected to continue for periods lasting from around 1,200 years to several 
thousand years before the pH and Eh return to that of local groundwater.  This re-
oxidation of the trench waste would result in an increase in the solubility and mobility 
of uranium, but at a time after expected disruption of the site by coastal erosion. 

Degradation and leaching of the vault wastes and wasteform result in the 
establishment of alkaline and strongly reducing conditions accompanied by 
methanogenesis. Under such reducing conditions, the pore water concentration of 
uranium remains low.  The concentration of technetium is controlled by sorption at 
low concentrations below the solubility of Tc(IV).  Methane gas generation occurs 
over a period of around 400 years.  As a consequence of the development of strongly 
reducing conditions, C-14 is present in the form of gaseous CH4 and as dissolved 
organic species.  The partitioning of C-14 between solid, aqueous and gaseous 
species is affected by its release rate from irradiated waste materials and the timing 
and extent of the gas generation processes.   

In developing our conceptual understanding of the near-field evolution, we have 
identified a number of uncertainties.  These include: 
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• the properties of the cap and other engineered barriers that limit the flow of water 
into the repository; 

• the degradation behaviour of wastes, which affects subsidence and the 
generation of C-14-labelled gases; 

• the partitioning of C-14 between solids, pore water and gas; 

• the form of contaminants in low-level radioactive waste (LLW) where that form 
might imply that contaminants are not available for immediate dissolution in pore 
water; 

• the effects of physical and chemical heterogeneity; 

• the influence of partially saturated conditions on chemical reactions, contaminant 
release and transport processes; 

• the sorption coefficients and solubilities of key chemically reactive radionuclides 
such as Tc and U.   

On the basis of our conceptual model, near-field assessment models have been 
developed to represent the release of radioactive gases and radionuclides and 
contaminants dissolved in groundwater.  Fluxes of C-14-labelled gas from the near 
field have been calculated using the detailed representation of chemical processes in 
the GRM program.  The assessment model of the near field has been developed 
within the systems assessment program GoldSim.  It is based on: 

• a detailed Compartment Flow Model, representing flows in different parts of the 
repository and the change in flows and saturation as a function of time; 

• a well-mixed model for different near-field compartments, in which radionuclides 
are assumed to be in equilibrium with pore water; 

• a more complex model for C-14, based on the behaviour of C-14 estimated with 
the GRM program, (which addresses the partitioning of C-14 between solid, water 
and gas phases); 

• a specific model of contaminant release in the unsaturated zone. 

Uncertainties have been treated in a number of ways: 

• by undertaking underpinning studies that demonstrate that the uncertainty has a 
limited effect (for example, enhanced transport as a result of colloids); 

• by making cautious assumptions in assessment calculations (for example, by not 
representing the rate-limited release of Cl-36 in corroding steel); 

• for the groundwater pathway, by addressing parameter uncertainty within a 
probabilistic calculation (for example, uncertainties in the solubilities and sorption 
distribution coefficients for uranium and technetium); 

• for the groundwater and gas pathways, by undertaking variant deterministic 
calculations to explore the impact of the uncertainty (for example, reduced 



 
The 2011 ESC  Near Field 

 

 
LLWR/ESC/R/(11)10021 Page 7 of 142   
 

sorption and enhanced solubility of radionuclides in solution, as a result of the 
presence of complexants). 

Some key near-field uncertainties are set out in the main ESC report where we 
believe it would be appropriate to undertake further work to build understanding and 
further confidence in our models. 
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1 Introduction 

1.1 Objectives 

The objectives of this report are to present a description of the Low-Level Waste 
Repository (LLWR) near field including evidence supporting our understanding of the 
physical and chemical evolution of the waste and how this affects contaminant 
behaviour.  The report presents information from site monitoring, experimental 
studies and modelling investigations that have been used to develop the conceptual 
basis for the 2011 Environmental Safety Case (ESC) assessment models and to 
provide some specific data inputs. 

The report is relevant to several of the requirements in the environment agencies’ 
‘Guidance on Requirements for Authorisation for Near-Surface Disposal Facilities on 
Land for Solid Radioactive Wastes’ (the GRA) [18]:   

Requirement 4: Environmental safety culture and management system 

‘The developer/operator of a disposal facility for solid radioactive waste should 
foster and nurture a positive environmental safety culture at all times and 
should have a management system, organisational structure and resources 
sufficient to provide the following functions: (a) planning and control of work; 
(b) the application of sound science and good engineering practice; (c) 
provision of information; (d) documentation and record-keeping; (e) quality 
management.’ 

Requirement 6: Risk guidance level after the period of authorisation 

‘After the period of authorisation, the assessed radiological risk from a 
disposal facility to a person representative of those at greatest risk should be 
consistent with a risk guidance level of 10-6 per year (i.e.  1 in a million per 
year).’ 

Requirement 8: Optimisation 

‘The choice of waste acceptance criteria, how the selected site is used and 
the design, construction, operation, closure and post-closure management of 
the disposal facility should ensure that radiological risks to members of the 
public, both during the period of authorisation and afterwards, are as low as 
reasonably achievable (ALARA), taking into account economic and societal 
factors.’ 

Requirement 11: Site investigation 

‘The developer/operator of a disposal facility for solid radioactive waste should 
carry out a programme of site investigation and site characterisation to 
provide information for the environmental safety case and to support facility 
design and construction.’ 
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Requirement 13: Waste acceptance criteria 

‘The developer/operator of a disposal facility for solid radioactive waste should 
establish waste acceptance criteria consistent with the assumptions made in 
the environmental safety case and with the requirements for transport and 
handling, and demonstrate that these can be applied during operations at the 
facility.’ 

Requirement 14: Monitoring  

‘In support of the environmental safety case, the developer/operator of a 
disposal facility for solid radioactive waste should carry out a programme to 
monitor for changes caused by construction, operation and closure of the 
facility.’ 

In this report, we present evidence that we have considered the GRA requirements 
listed above, focusing on three main aspects: 

• our understanding of the near field, as demonstrated by the evidence presented 
in this report, which underpins our estimates of environmental impacts, including 
those defined by Requirement 6.  Near-field studies also underpin our approach 
to optimisation (Requirement 8) and waste acceptance criteria (Requirement 13); 

• our programme of experimental research, which underpins our modelling studies, 
demonstrates the application of sound science, which is an important aspect of 
Requirement 4; 

• the use of data from the near-field research programme, monitoring programme 
and site investigation programme to support development of a conceptual model 
(Requirements 11 and 14). 

1.2 Scope 

This report summarises our understanding of the evolution of the LLWR near-field 
environment, with particular focus on the behaviour of radioactive and chemotoxic 
contaminants.  The report presents a conceptual model of the important features and 
processes of relevance to near-field evolution, based on site monitoring data, the 
results of experimental studies and results from a model of chemical reactions and 
contaminant transport.  The approach to the representation of the near field in 
assessment calculations is also summarised.   

The conceptual model developed for the 2002 Post Closure Safety Case (PCSC) [19] 
has been augmented on the basis of additional research undertaken for the ESC.  In 
this report, we highlight the experimental and monitoring studies that contribute to our 
understanding of the key uncertainties regarding the physical and chemical 
processes that affect contaminant release.  Specific research concerning the nature 
and behaviour of uranium in the trenches has been undertaken following the 2002 
PCSC and is presented here. 

Our models have been further validated since their initial development for the 2002 
PCSC [19] and have been used to examine chemical evolution of other disposal 
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facilities overseas.  Our consideration of the physical barriers provided by the wastes 
and wasteform has also been developed to include consideration of the 
heterogeneity of the wastes and the water saturation behaviour. 

We consider that, together, the site monitoring programme, experimental studies and 
modelling approaches that are presented provide an appropriate and sound 
underpinning to the ESC.  Our detailed approach is better-developed than in most 
assessments of near-surface disposal facilities for radioactive waste. 

The understanding and model results described in this report underpin our 
performance assessments, particularly as presented in the ‘Assessment of Long-
term Radiological Impacts’ [12] and ‘Assessment of Non-radiological Impacts’ [8] 
reports.  A list of ESC reports is given in the table in the Preface. 

1.3 Structure 

In addition to this introduction, this report is structured as follows:  

• Section 2 provides a brief description of the LLWR, highlighting the features of 
relevance to the near-field evolution. 

• Section 3 considers the expected physical evolution of the near-field closure 
engineering and wasteform features and the effects on the near-field 
hydrogeology. 

• Section 4 describes our conceptual understanding of the near-field chemical 
evolution.   

• Section 5 describes our conceptual understanding of gas generation and the 
release of radioactive gases. 

• Section 6 presents a summary of the modelled chemical evolution, gas 
generation and contaminant release processes. 

• Section 7 presents a summary of the representation of the contaminant release 
processes in assessment models for the gas and groundwater pathways.   

• Section 8 provides the conclusions of the report. 

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 LLWR Near Field Description 

2.1 Overview 

The LLWR has been the principal facility in the UK for the disposal of low-level 
radioactive waste (LLW) since 1959.  The LLWR receives waste from a range of 
consignors, including nuclear power stations, fuel cycle facilities, defence 
establishments, general industry, isotope manufacture sites, hospitals, universities 
and from the clean up of historically contaminated sites.  Two distinct disposal 
systems are present within the LLWR site (Figure 2.1), consisting of: 

• disposals to seven trenches;   

• engineered concrete vaults, with current disposals to Vault 8, storage in Vault 9 
and a further five vaults planned in the Reference Disposal Area (RDA).  The 
Extended Disposal Area (EDA) consists of a further six vaults and is presented in 
the ‘Assessment of an Extended Repository’ report [16]; it is not discussed further 
in this report. 

 

Figure 2.1 Aerial photograph of the LLWR showing trenches, Vault 8, Vault 9 
and the Future Vaults area 

From 1959 until 1995, waste was tumble tipped into seven trenches.  The base of 
each trench was generally excavated into a low permeability clay-rich layer at a 
depth of 5 to 8 m below ground level.  In some regions of the trenches, the base clay 
layer was augmented with the addition of bentonite.  Trenches 1 to 6 have typical 
widths between 10 and 20 m and length between 480 and 715 m.  Trench 7 has an 
irregular, approximately triangular shape.  No compaction of the waste was 
undertaken other than that which occurred through the weight of the overlying waste 
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and soil cover layer.  A total volume of approximately 800,000 m3 of waste has been 
disposed in the trenches.   

Since 1988, waste has been disposed of in an engineered, concrete disposal vault, 
Vault 8 (Figure 2.1).  This upgrade to the disposal operations was aimed at improving 
management practices, making more efficient use of space and improving the visual 
impact of disposal operations [3].  At the same time, remedial work was conducted 
on the trenches, including the installation of a low-permeability cut-off wall (COW) (to 
limit lateral movement of groundwater and radionuclides), interim capping of the filled 
trenches and refurbishment of the leachate drainage system.  Compaction and 
cement grouting were adopted in order to reduce voidage.  The full introduction of the 
revised wasteform and the phasing out of trench disposals was not completed until 
1995, when the operation of new compaction and grouting facilities commenced and 
the interim cap over Trench 7 was completed [3].   

The vaults are designed to accommodate grouted half-height ISO containers and 
also items of waste that are too large for these containers.  The original practice was 
for four layers of containers to be stacked in Vault 8, corresponding to a total capacity 
of about 200,000 m3.  Higher stacking of half height ISO containers in Vault 8, 
assumed in the ESC, provides an additional capacity of around 100,000 m3. 

Vault 9 commenced operation in 2010, initially as a storage facility.  The current plan 
is for the construction of five additional vaults (Vaults 10 to 14: referred to as the 
‘future vaults’) within the RDA, which would allow disposal operations to continue to 
approximately 2080, with a disposal volume for Vaults 8 to 14 of 989,000 m3 [5].  

2.2 Wastes and Wasteforms 

Four separate forward inventories have been derived for consideration in the 
ESC [4].  These consider the capacity available in Vaults 8 to 14 and correspond to 
differing assumptions about waste routing , the nature and extent of waste 
processing, such as incineration and metal melting, and the effects of including 
wastes not accounted for in the UK Radioactive Waste Inventory (UKRWI), such as 
those arising from potential new nuclear build.  A full description of the disposed and 
forward inventory is provided in the ‘Inventory’ report [4]. 

For the base-case inventory (Inventory A), the capacity of the future vaults is forecast 
to be reached in 2077.  Reactor decommissioning wastes including increased 
quantities of graphite appear towards the end of the capacity of the RDA in Vault 14.   

The wastes disposed of to both the vaults and the trenches have broadly similar 
distributions of waste materials (Figure 2.2, Figure 2.3), being comprised principally 
of organics, including cellulose and plastic, metals, contaminated soils and 
inorganics, including silicates, fluoride residues and thorium ore minerals.  The 
inventory of the future vaults is predicted to contain increased proportions of waste 
metal and contaminated soil from decommissioning activities and lower contents of 
cellulose than the materials disposed of in Vault 8.   
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Trench waste 

 

 

Vault 8 disposed waste to 31st March 2008 

 

Figure 2.2 Disposed waste materials in the LLWR trenches and Vault 8  
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Figure 2.3 Waste materials, after treatment and processing, in future 
disposals, Inventory A 

The differing disposal practices for the trenches and the vaults have resulted in 
notably different wasteforms, which will result in different physical and chemical 
conditions in these areas of the LLWR.  Within the trenches, waste was generally 
unconditioned (typically in plastic bags and mild steel drums) and other items were 
disposed of directly to the trenches; these included scaffolding planks, pipes, 
packaging materials, pallets and redundant laboratory and office equipment.  No 
mechanical compaction was undertaken before emplacement; some self-compaction 
and settlement has taken place since disposal and following interim capping.  The 
trenches were filled with waste to within about a metre of the ground surface and 
were covered with about 1 m of backfill (1.5 m in Trench 7 from 1988 onwards).  The 
backfill was derived mainly from excavated material.   

Within the vaults, wastes are containerised in steel overpack half height ISO 
containers, with the voidage in the containers filled with a low viscosity cementitious 
grout prior to disposal.  The grouted containers provide an essentially monolithic 
wasteform, which is then emplaced within the vaults using conventional large 
capacity fork-lift trucks.  The disposal of some large items of waste in the vaults is 
impractical using the preferred steel ISO containers.  Allowance has therefore been 
made in the designs for the in-situ grouting of such items into prepared areas of the 
vault using mobile grouting facilities.   

Within Vault 8, significant gaps of up to about 60 cm exist between the containers 
(Figure 2.4).  In Vault 8 (but not in Vaults 9 to 14), the void space will be in-filled with 
coarse granular inert material, such as a crushed rock aggregate.  Compared with 
the trenches, the vaults contain a substantial volume of additional material (steel and 
cementitious materials) that has been added to the waste as part of the 
containerisation and grouting process.   
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Figure 2.4 Photograph of ISO containers emplaced in Vault 8 

For future disposals, the types of waste and wasteform might vary from current 
disposals as a consequence of changes in UK waste management practices.  Waste 
treatment technologies may, for instance, reduce the content of organic wastes and 
metals [20].  Changes to the design and filling of the current ISO containers could 
result in reduced proportions of grout and metal.  However as the extent of future 
technological advances are unknown, for the ESC we consider the existing Vault 8 
wasteform as the reference design for all the vault disposals.  Further we consider [4] 
that 60% of the internal volume of the ISO containers is filled with waste, with grout 
filling the remaining volume.   
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2.3 Contaminant Inventory 

LLW contains both radioactive and non-radioactive contaminants, whose inventory 
and distribution amongst disposed waste and future waste consigned to the LLWR is 
described in the ‘Inventory’ report [4].  The disposed radionuclide inventory has been 
derived from trench disposal records, which list the volumes of waste and sources 
and their distribution within disposal bays within the trenches.  Each disposal bay 
occupies an approximately 8 m section along each trench.  The LLWR waste tracking 
system records the disposed content of each half height ISO container within Vault 8.  
The future vault inventory is derived from the Waste Inventory Disposition Route 
Assessment Model (WIDRAM) [4], which the NDA has developed to hold 
comprehensive LLW waste inventory data, and which supplements the information 
held in the UK Radioactive Waste Inventory (UKRWI). 

2.3.1 Radiological Contaminants 

For the trenches, inventory studies undertaken since the 2002 PCSC [21] have 
placed a greater emphasis on the use of disposal records, rather than using generic 
waste stream information.  The reassessment of the trench inventory has also drawn 
on interviews with former staff, which have confirmed our understanding of trench 
disposal operations and built confidence in the inventory [4]. 

The ‘Inventory’ report [4] tabulates the radionuclide inventories of current disposals to 
the trenches and Vault 8 and future disposals.  At the time of disposal, the inventory 
is dominated by tritium and other radionuclides that have half lives of less than 100 
years (tritium, Ni-63, Sr-90, Cs-137, Pu-241) and that are of greater significance to 
the operational phase [11].  The ‘Assessment of Long-term Radiological Impacts’ 
report [12]  presents screening calculations that highlight the following radionuclides 
as being of greater significance to the long-term impact of the LLWR through the 
groundwater pathway: 

– carbon-14 (C-14),  

– chlorine-36 (Cl-36), 

– technetium-99 (Tc-99), 

– iodine-129 (I-129), and 

– lead-210 (Pb-210, ingrown from disposed radium-226).  

C-14 is also of significance through gaseous release from the near field.  The 
chemical evolution of the near field is generally of less significance to the 
assessment of radiological impact as a result of coastal erosion and human 
intrusion [22]. 

The above radionuclides are located predominantly in disposals to Vault 8 and in the 
future inventory.  Most of the inventories of C-14 and Cl-36 are expected to be in 
future disposals, where they are associated with irradiated metals and graphite.     
Tc-99 is present mainly in Vault 8, where it is associated with metal wastes arising 
from Capenhurst.  I-129 is present mainly in future inventories of decommissioning 
waste from Sellafield.  Most of the Ra-226 inventory is associated with contaminated 
land from a variety of defence sites; however, the inventory of this radionuclide is 
subject to significant uncertainty, and may well be overstated by as much as two 
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orders of magnitude in the present assessment.  The timing of Ra-226 arisings is 
also extremely uncertain [4]. 

The 2002 PCSC [19] identified that U-234 and its daughters were of significance in 
the very long term (around 3,000 years after present), when the chemical conditions 
of the trench near field become more oxidising, resulting in the potential for faster 
release of uranium.  Uranium is of less radiological significance over the 1,000 year 
timescale considered in the assessments for the ESC; nevertheless, it is important to 
understand the chemical controls that limit uranium release during this period.  
Uranium is mainly present in trench disposals, where it comprises residues including 
filter cakes and fluoride reduction slags from fuel manufacture, with an isotopic 
composition close to that of natural uranium.  Uranium present in Vault 8 and future 
wastes comprises contamination on metal surfaces, including residues present in 
uranium hexafluoride storage cylinders. 

The inventory contains small quantities of fissile material that will be well-dispersed 
throughout other materials in the disposed waste.  The presence of these other 
materials will effectively dilute the fissile material so that criticality is physically 
impossible [12,23].   

2.3.2 Non-radiological Contaminants 

Information concerning non-radiological contaminants, including heavy metals and 
organic compounds, is found in the ‘Inventory’ report [4] and the ‘Assessment of Non-
radiological Impacts’ report [13].  We have also used trench and vault leachate 
monitoring data to identify contaminants of significance [24].  To identify 
contaminants to be considered in the non-radiological assessments, substances 
present in the inventory and monitoring were cross-checked against hazardous and 
non-hazardous substances listed by the Groundwater Directive (GWD) [25,26].  The 
following hazardous substances are considered by the non-radiological 
assessment [13]: 

– vinyl chloride (taken as representative of a range of organohalogen compounds); 

– tributyl phosphate (TBP); 

– phenol; 

– arsenic; 

– mercury; 

– cadmium; 

– cyanide. 

The following non-hazardous substances are considered by the non-radiological 
assessment [13]: 

zinc beryllium chromium vanadium tin 

nickel uranium selenium tellurium 

lead cobalt antimony fluoride 

copper phosphate titanium nitrite 

molybdenum ammonium barium boron   
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This selection was based on a review of both historical and recent data [24] that 
identified contaminants of potential concern.  Taking into account monitoring data 
and the non-radiological assessment [13], we consider that lead, nickel, and 
molybdenum are of most significance to the ESC.   

2.4 Near-field Engineering 

The ‘Engineering Design’ report [5] together with the ‘Optimisation and Development 
Plan’ report [10] describe the near-field engineering that is currently planned in order 
to manage and optimise the performance of the LLWR in controlling the release of 
contaminants.  At present, the site is in an ‘operational phase’, whereby disposal 
activities are on-going.  It is predicted that this phase will continue until about 2080. 

Following the completion of waste emplacement and the closure of the final vault, the 
LLWR site will be subject to a period of active institutional control.  The period of 
active institutional control is the time during which we will take active measures to 
control the disposal site.  For the LLWR, the term is synonymous with Period of 
Authorisation (PoA).  For the LLWR, the site will remain under active institutional 
control for a period of 100 years after closure of the last vault.  During this time, a site 
boundary will be maintained to prevent access by the public.  Land use will be 
controlled.  Active leachate collection and management will continue up to 100 years 
after closure of the final vault.  Monitoring to meet regulatory requirements and to 
provide reassurance that the facility is performing safely and as expected will 
continue during active institutional control.  Remedial actions, such as addressing 
any problems with the interim trench cap, will be taken if required.  Following this, the 
LLWR will enter a ‘post-closure’ phase, following withdrawal of control over the 
facility by the operator. 

The main engineering features currently present at the LLWR include: 

– the trenches; 

– the interim cap; 

– the COW (around the north-east and north-west boundaries of the trenches); 

– the leachate management system; 

– Vault 8;  

– Vault 9 (at its current state of design and construction).   

Site development will alter the existing engineering structures at the site and add new 
features.  A Reference Design of the future vaults has been developed [5], based on 
extensive hydrogeological studies [7] and optimisation [10].  The Reference Design 
of the future vaults and other features is a holistic option that covers both current and 
future site management and design features at site closure and forms the basis of 
the ESC.   

The main engineering features at the LLWR at site closure include: 

– the trenches;  

– Vault 8; 

– Vault 9 and the planned future vaults; 
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– the planned final cap; 

– a planned COW.   

It is noted that the latter three features are defined for the purpose of undertaking the 
ESC, and therefore detailed design of these features is subject to further optimisation 
and planning approval.  This design concept has been presented to and discussed 
with stakeholders and regulators [2,5,10]. 

Schematic illustrations of the near-field engineering at site closure, identifying key 
features and their spatial relationship, are provided in Figure 2.5 and Figure 2.6.  The 
design is based on the multi-barrier concept and aims to minimise releases through 
groundwater and gas release and to protect the disposed wastes from inadvertent 
disturbance.   

2.4.1 Engineered Cap 

The engineered cap is a principal component of the overall Reference Design for the 
LLWR.  It plays key roles in relation to the passive control of leachate and the 
protection of disposed wastes from inadvertent disturbance.  The design of the cap 
needs to be optimised to minimise infiltration, to the extent that it is less than the 
drainage capacity of the underlying geology, thereby creating unsaturated zones 
beneath the vaults and trenches, for as long as reasonably practicable.  It also needs 
to provide effective protection against intrusion by humans, deep-rooting plants and 
burrowing animals. 

An optimisation study [5] considered strategies for the passive management of 
leachate within the vaults and their implications for vault design.  The preferred 
design strategy is to decrease the potential for near-surface release by seeking to 
minimise the interaction between water and waste and to maintain partially saturated 
conditions in the vaults.   
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Figure 2.5 Plan view showing the cap contours and t he trenches and vaults. 

 

 

Figure 2.6 Cross section through vaults and trenche s, showing the main 
engineering features at site closure, with ISO cont ainers stacked 
from 4 to 8 high (HI) in the vaults  














































































































































































































































