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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 
fully satisfy themselves, however, for example, to find supporting information and 
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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 demonstrates how the current understanding of the hydrogeology of the 
Low Level Waste Repository (LLWR) has been developed through a programme of 
site characterisation, monitoring and modelling, and shows how that understanding 
has been used to support the representation of the groundwater pathway in the ESC. 

The understanding of the geology and hydrogeology of the LLWR has benefited from 
a programme of site investigation carried out since 2002, which built on previous 
work presented for the 2002 Post-Closure Safety Case (PCSC).  The geology of the 
area consists of Quaternary deposits overlying older sandstone bedrock.  The 
Quaternary deposits consist of a spatially complex sequence of sand, gravels and 
clays whose deposition has been heavily influenced by a sequence of glacial 
episodes.  Additional boreholes, trial pits and geophysical surveys have been 
undertaken both on- and off-site, which have provided more information on the 
distribution of lithologies in the Quaternary deposits that underlie the site and the 
overall geological structure of the area.  Trial pits and observations during the 
excavation works for Vault 9 have provided more information on the spatial variability 
within the Quaternary deposits.   

The 2002 PCSC used an event-based lithostratigraphic approach to characterise the 
geology on the basis of depositional history.  A lithofacies approach to characterising 
the geology was implemented in 2007, which has allowed the grouping of geological 
units with similar hydraulic properties and allowed the development of a regional 3-D 
geological model.  The 3-D geological model has been used as the framework for the 
development of a hydrogeological model for the site.  Alternative representations of 
the geological information have been considered to address uncertainty in the 
geological interpretation.  Different interpretations of the geology have been 
investigated in terms of their influence on groundwater flow.  The heterogeneity of the 
Quaternary deposits has been investigated by stochastic modelling. 

In the vicinity of the LLWR site, groundwater generally flows from the Lake District 
hills towards the coast.  Observations of groundwater head have allowed the 
identification of an Upper and a Regional Groundwater.  The Upper Groundwater is 
present within the upper Quaternary deposits and overlies the Regional 
Groundwater.  It is most evident in the north-west and central parts of the site, where 
it has a groundwater flow pattern that is distinct from that of the Regional 
Groundwater.  In the Upper Groundwater, the majority of groundwater moves 
vertically downwards with only limited lateral migration.  The Regional Groundwater 
is observed in the Quaternary drift deposits and in the underlying Ormskirk 
Sandstone.  The groundwater flow direction in the Regional Groundwater at the 
LLWR is generally to the south-west (towards the coast).   Groundwater from this 
zone discharges to the inter-tidal zone and off-shore.   

The site investigation work and continued environmental monitoring have provided 
substantial data upon which to base the hydrogeological understanding.  The 
programme has been led by the requirements of the ESC.  The understanding has 
benefited from the development of a 3-D hydrogeological model (the 2010 
Hydrogeological Model), which has enabled the conceptual model to be tested and 
refined.  The modelling incorporates a detailed representation of the site engineering, 
which has been used to study the influence of the different components and allow 
design optimisation.   
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The 2010 Hydrogeological Model has been calibrated to the observed 
hydrogeological conditions.  The demonstration that reasonable numerical models 
can be constructed and calibrated to give an acceptable match to a range of 
observations helps to build confidence in the understanding of the hydrogeology.  
The sensitivity of the model to different parameters and the effects of heterogeneity 
have been investigated.  The modelling indicates that the movement of water from 
the repository is primarily controlled by the properties of Lithofacies Units B2 and B3 
and that anisotropy is required in B2 to obtain a reasonable match with the observed 
groundwater heads.  The uncertainties in the representation of the groundwater 
pathway in the assessment calculations have been investigated with particular 
emphasis on the effects on a hypothetical groundwater abstraction well.  Spatial 
variability and parameter uncertainty in Lithofacies Units B2 and B3, combined with 
the uncertainty in the positions of lithofacies boundaries, are considered to be the key 
uncertainties.  These uncertainties have been addressed in assessment or other 
supporting calculations. 

The ESC has to consider the long-term behaviour of the site, taking into account the 
expected evolution of climatic conditions and the possible long-term performance of 
the engineering components.  The 2010 Hydrogeological Model is computationally 
intensive and hence not suited to capture the full range of behaviours that may occur, 
given the significant uncertainties in the evolution of the engineering components.  To 
capture the full range of behaviours of such a system requires probabilistic 
calculations over a large number of realisations.  The 2010 Compartment Flow Model 
has been developed to undertake calculations for such a large number of 
realisations.  The 2010 Compartment Flow Model is a simplified representation of the 
2010 Hydrogeological Model and has been used to assess the long-term evolution of 
the site and capture uncertainty in the properties of engineering components.  It is 
used to provide flows and water levels to the groundwater pathway assessment 
models.  The 2010 Compartment Flow Model also provides flows and water levels to 
the GRM chemical evolution and corrosion model used in the representation of the 
near field.   

We believe the work presented here demonstrates that a programme of site 
investigation and characterisation has been carried out which complies with 
regulatory requirements. The report shows how our understanding of the geology 
and hydrogeology has developed since 2002 and how it has been used to support 
both assessment calculations and our evaluation of options for the development of 
the facility.   
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1 Introduction 

1.1 Objectives 

This report has two main objectives.  The first is to demonstrate how LLWR have 
addressed Requirement 11 of the Guidance on Requirements for Authorisation 
(GRA) [18], which sets out the need for adequate site investigation and 
characterisation to support the ESC.  The box below sets out some of the key 
paragraphs from the GRA. 

Requirement R11: Site investigation 

6.4.6 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. 

6.4.7 The length, complexity and detail of the site investigation need to be 
appropriate for the information requirements of the environmental safety case 
which, in turn, should be proportionate to the hazard presented by the waste to be 
disposed of.  The developer/operator should establish a proportionate approach to 
site investigation that uses some or all of the results from site characterisation, 
modelling studies, design and construction to guide investigations.  The site 
investigation should be presented as part of a structured programme that provides 
the requisite information for the environmental safety case. 

6.4.8 The developer/operator will need to show that the geological environment is 
characterised, understood and can be analysed to the extent necessary to support 
the environmental safety case.  This will involve considering, for example, the 
lithology, the stratigraphy, the geochemistry, the local and regional hydrogeology, 
and the resource potential of the area.  Where appropriate, the developer/operator 
will also need to assess the potential for, and effects of, dynamic processes that are 
significant to the environmental safety case. 

6.4.10 The developer/operator should show that the geological, hydrogeological and 
other characteristics of the region and the site under present and reasonably 
foreseeable future conditions will allow the environmental safety case for the facility 
to be made.  This demonstration should include considering features and properties 
of the site related to the release and transport of radionuclides in the gas phase. 

6.4.11 The developer/operator should identify the presence of any actually or 
potentially valuable resources near the site and make an assessment of the extent 
to which the site and its surroundings might be disturbed as a result.  The 
developer/operator will need to consider the implications for the integrity of the 
disposal system (see Requirement R7). 

6.4.13 Before carrying out any intrusive geological investigations, the 
developer/operator should assess the extent to which these might disturb the site 
and any implications this might have for the environmental safety case. 

6.4.14 Site characterisation should involve investigating specific properties of the 
site and its surroundings in sufficient detail to support the environmental safety case 
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and may include the following: 

��Local and regional borehole investigations; 

��Characterisation of soil layers and quaternary deposits; 

��Characterisation of surface waters and sediments; 

��Characterisation of surface and sub-surface flora, fauna and ecosystems; 

��Development of regional and local geological, geotechnical, hydrogeological and 
geochemical understanding; 

��Description of the environmental baseline prior to facility construction activities.   

6.4.15 Depending on the hazard presented by the waste to be disposed of, the 
developer may need to adopt an iterative approach to facility design and 
development of the environmental safety case as results are progressively obtained 
from the site characterisation activities.  This will include a growing understanding of 
the capability of the proposed facility in terms of the types and quantities of waste it 
will be able to receive.  As the environmental safety case is developed, it will help to 
guide what further site characterisation activities are needed. 
 

The GRA describes the need for a site investigation programme that is appropriate 
for the information requirements of the ESC and is proportionate to the hazard, both 
radiological and non-radiological, presented by the waste.  The GRA is not 
prescriptive in its requirements for site investigation, but suggests that consideration 
should be given to the lithology, the stratigraphy, the geochemistry, the local and 
regional hydrogeology, and the resource potential of the area.  The potential for, and 
effects of, dynamic processes that are significant to the ESC should also be 
considered.  The GRA also accepts that knowledge of site characteristics is expected 
to increase progressively through the site investigation and the facility development 
phases.   

The second objective is to explain the basis for the hydrogeological conceptual 
model and that the geological environment is characterised, understood and can be 
analysed to the extent necessary to support the environmental safety case.  The 
work presented in the report has formed an important part in the understanding of 
near-field evolution, the expected evolution of the site, the development of the 
environmental monitoring programme and the performance of the engineered 
barriers.   

1.2 Scope 

Understanding the geological and hydrogeological setting of the LLWR site is 
fundamental in being able to represent the behaviour of the site, the future evolution 
and the performance of engineered barriers in the safety assessment.   

The scope of this report includes: 

• Description of the geographical setting; 

• Description of the site investigation programme and the development of the 
geological understanding from 2002; 

• Description of the geology of the LLWR site and surrounding region; 
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• Description of the hydrogeological setting and the available hydrogeological and 
hydrogeochemical data; 

• Presentation of the hydrogeological conceptual model for the site and likely 
evolution of the site; 

• Demonstration of how the supporting hydrogeological models have been 
developed and how the hydrogeological system is effectively represented in the 
safety assessments. 

The report is supported by data and arguments presented in other ESC reports: 

• ‘Site History and Description’ [3] provides details of the biosphere and site history. 

• The chemical evolution of the site is covered in the ‘Near Field’ report [6]. 

• The ‘Site Evolution’ report [8] provides the detailed analysis of the coastal system 
and expected evolution of the system. 

• The ‘Monitoring’ report  [9] provides details of the monitoring programme that has 
been utilised to supply the underpinning hydrogeological data. 

• The information presented in this report has been used in the development of the 
groundwater pathway assessment calculations [11,12,13,14], the near field 
conceptual model [6] and the monitoring strategy [9]. 

1.3 Structure 

The report is structured to provide the reader with the scientific knowledge of geology 
and hydrogeology that has been used to develop the conceptual model, numerical 
models and subsequently build the assessment model used in the ESC. 

The report is not designed to provide a detailed description of all the underpinning 
evidence used to develop the hydrogeological model.  The report presents the key 
facts and ideas but refers to a number of references which provide the detailed 
understanding. 

The report has the following structure:  

• Section 1 provides the introduction and scope of the report. 

• Section 2 provides background information on the site, the development of the 
site investigation programme, and the approach adopted to provide information 
for the ESC and to support facility design and construction. 

• Section 3 gives the geological understanding of the site on both the regional and 
site scale.  The section also shows how the geological understanding has been 
used to develop a 3-D geological model for the site that can be used as the 
framework for the hydrogeological modelling. 

• Section 4 defines the hydrogeological setting by presenting the available 
hydrogeological data and the hydrogeological modelling work that has been 
carried out to test and refine the conceptual model.  The development of the 
model is presented in terms of how the current conditions are represented, the 
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process of model calibration and the predicted groundwater pathways.  The 
section also considers uncertainties in the hydrogeological interpretation. 

• Section 5 explains how the hydrogeological models have been developed to 
support the ESC.  The section shows how the hydrogeological models have been 
used to investigate and to represent the evolution of the natural environment and 
the repository engineering, taking into account uncertainties. 

• Section 6 provides a summary of the key findings of the site investigation 
programme and highlights how the understanding has developed since the 2002 
PCSC.   

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 and Approach 
This section provides background information on the site, the development of the site 
investigation programme, and the approach adopted to provide information for the 
ESC and to support facility design and construction. 

2.1 Site Setting 

2.1.1 Geographical Setting 

The LLWR is located on the coastal plain of West Cumbria about 0.5 km from the 
Irish Sea coast (see Figure 2.1).  It is about 3km from the Ravenglass Estuary where 
the Rivers Irt, Mite and Esk join.  The Rivers Irt and Mite flow roughly south-west 
from the hills inland in the Lake District, while the River Esk is separated from the 
other rivers by the prominent bedrock ridge of Muncaster Fell.  Inland of the LLWR 
site, the topography rises gradually initially, but then steeply, to be dominated by the 
Lakeland fells.  The broader coastline is characterised by a beach and inter-tidal 
zone with sand dunes and low cliffs inland.  Most of the coastal plain consists of 
grassy fields with only a small amount of land dedicated to woodland and the growing 
of crops.  Roads and minor tracks allow access to the coastal plain and to 
settlements that are located there. 

The site is about 400 m from the intertidal zone at its nearest point, and studies [19] 
have indicated that the LLWR will be disrupted by coastal erosion within a period of a 
few hundreds to a few thousands of years after the present.  The most likely outcome 
is that erosion will occur by undercutting of the vaults and then the trenches.  In 
cases of very rapid sea level rise, there is a possibility of direct erosion of the vaults 
at sea level or partial inundation of the more easterly trenches.  Details of the 
expected evolution of the site and the underpinning studies that have been 
conducted are given in the ‘Site Evolution’ report [8]. 

The current climate of the area is described as being cool temperate.  The site 
monitoring database contains meteorological data for the past 20 years.  The data 
shows that the prevailing wind is from a south-westerly direction.  The mean annual 
rainfall for the site is 1082 mm and the mean annual temperature is 9.3 °C. 

2.1.2 Site Engineering 

The use of the LLWR site dates to 1940 when the site was developed as a Royal 
Ordnance Factory (ROF).  Disposal of LLW has taken place at the site since 1959, 
initially in a series of trenches and, subsequently, in reinforced concrete vaults.  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.  
The inventory of radionuclides in historical wastes, and projections for future 
disposals, are described in the ‘Inventory’ report [4].  The history and development of 
the site has been reported in the ‘Site history and Development’ report [3] and the 
description of the current and proposed engineering are described in the 
‘Engineering Design’ report [5].  The current layout of the site is shown in Figure 2.2.  
Figure 2.3 shows an aerial photograph of the site.   
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Figure 2.1 Location of the LLWR 
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Figure 2.2 Current layout of the LLWR site 

 

Figure 2.3 Aerial photograph of the LLWR showing tr enches, Vault 8, Vault 9 
and the new vaults area 
























































































































































































































































