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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 



 

The 2011 ESC  Monitoring 

 

LLWR/ESC/(R11)10024 Page 2 of 105   

 

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] 

 



 

The 2011 ESC  Monitoring 

 

LLWR/ESC/(R11)10024 Page 4 of 105   

 

Executive Summary 

This report provides an overview of the environmental monitoring programme that 
has been implemented at the LLW Repository (LLWR).  It covers the objectives of 
the programme, the methodology used in its design and implementation, and results.  
It also describes how the requirements set out in the regulatory guidance are 
addressed in the environmental monitoring programme.   

The environmental monitoring programme at the LLWR has undergone significant 
development in a number of areas in the last two years.  The following improvements 
have been achieved: 

• A fully integrated monitoring programme has been developed by drawing 
together a number of previously separate monitoring activities. 

• A substantial and objectives-driven review of the integrated programme based on 
a complete review of the available monitoring data has been undertaken, taking 
account of the technical needs and requirements of the ESC and other end 
users. 

• A systematic approach has been implemented to verify and record monitoring 
data within a reliable database system.  This system offers GIS (geographic 
information system) capability via a direct link with the database.   

An important objective of the monitoring programme is to provide data to underpin 
and increase confidence in the conceptual and numerical models of the LLWR 
system that are used in the Environmental Safety Case (ESC), particularly relating to 
models of groundwater flow and contaminant transport.  For example, data on 
hydraulic heads, including the transient response of heads to rainfall events, have 
been used to calibrate the groundwater flow model used in the 2011 ESC.  
Monitoring will continue in order to ensure that the site is operating in a safe manner 
consistent with the assumptions and conclusions of the 2011 ESC.  Examples of 
current monitoring include the following: 

• data on contaminant concentrations in leachate, groundwater and surface water, 
which will be examined to confirm that they are consistent with assessment 
models, noting the cautious aspects of such models; 

• the rate of coastal erosion, which over periods of decades can be compared with 
the predictions of current or future models of coastal evolution; 

• observations on the subsidence of the interim or any final cap over the trenches, 
which can be compared with models to examine the response of the cap to 
subsidence; 

• monitoring of water levels in the trenches and vaults after the installation of any 
cap, which will allow the performance of the cap to be established. 

Environmental monitoring of radioactive contaminants in the groundwater shows that 
the concentrations of LLWR-derived radionuclides beneath the site have decreased 
markedly since the installation of the interim trench cap and the cut-off wall.  
Generally, activity has not migrated a significant distance from the facility other than 
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in the case of tritium, which is detected in monitoring boreholes between the LLWR 
and the coast.   

A review of non-radiological monitoring data indicates that disposals to the LLWR 
have not resulted in significant contamination of groundwater or surface waters by 
chemotoxic contaminants.  In the groundwater, the main exceedances of the relevant 
standards arise for arsenic, nickel, cadmium, chromium, lead, selenium and sulphate.  
It seems likely that these substances are present in the groundwater (and surface 
water) as a result of natural processes. 

During the Period of Authorisation (PoA), monitoring will provide assurance that the 
facility is performing as expected.  Environmental monitoring data will provide a direct 
demonstration that the relevant criteria are being met and that the concentrations of 
any contaminants in environmental media are acceptably low.  If any significant 
changes are observed or if contaminant concentrations approach a relevant 
standard, then appropriate consideration is required.  For this purpose, control and 
compliance levels are in the process of being assigned on the basis of past 
environmental monitoring data.  Time-series trends are also examined as part of the 
annual review process.  Where these levels are exceeded or trends identified, 
appropriate technical review will take place.  Depending on the outcome, there would 
be subsequent consideration of any need for further action, which might include: 

• repeat measurements or review of the analytical approach; 

• putting in place additional environmental monitoring, for example, increasing 
the frequency of measurement or sampling at additional locations; 

• advising the Environment Agency; 

• commissioning a further study; 

• reviewing the findings with ESC staff; 

• considering whether any remedial or other action is required. 

The LLWR recognises the need for a programme of long-term environmental 
monitoring that will continue throughout the PoA.  This will need to: 

• provide continued assurance that contaminants are present in the environment 
at acceptably low concentrations; 

• contribute data to future updates of the ESC, which are expected to build 
confidence in our understanding of system performance. 

The overall approach and recent enhancements have resulted in an environmental 
monitoring programme that is focused, fit for purpose and which provides the 
necessary data to support safety analyses and site management decisions.  The 
environmental monitoring programme provides direct evidence that releases of 
radioactivity from the site are low, both in the past and at the present day.  The 
results also provide a baseline against which future variations can be assessed.   
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1 Introduction 

1.1 Objectives 

This report addresses Requirement 14 of the environment agencies’ Guidance on 
Requirements for Authorisation (GRA) [18], which sets out the need for an 
environmental monitoring programme in support of an environmental safety case 
(see box).   

Requirement R14: 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. 

The GRA also describes the need for a reasoned and proportionate approach to the 
design of the environmental monitoring programme.  These and other details of the 
regulatory guidance are discussed in more detail in Section 3 and a summary of how 
the report has demonstrated we have met requirements in the guidance is provided 
in Section 6.   

The monitoring programme is designed to meet the needs of a range of end users, 
including the Environmental Safety Case (ESC) Project.  This document explains 
how the needs of the ESC are being addressed.  It describes the strategy behind the 
LLW Repository (LLWR) environmental monitoring programme, its current status and 
proposed future development.  An outline of monitoring programme results is 
provided to illustrate key findings and to indicate how data have been used within the 
ESC Project.   

The environmental monitoring programme at the LLWR forms an integral component 
of the overall ESC for the facility.  This report explains how the monitoring 
programme has been designed and implemented to provide a sound underpinning to 
the safety arguments presented as part of the 2011 ESC.  Furthermore, the ongoing 
accumulation of monitoring data will progressively improve the baseline against 
which the future performance of the LLWR can be compared.   

In this report, we set out how the LLWR’s monitoring programme is: 

• designed to meet the statutory and other requirements; 

• the outcome of an appropriate methodology; 

• managed in an appropriate way.   

1.2 Scope 

Environmental monitoring provides a fundamental basis for understanding the site 
and its evolution over time.  It provides feedback on the performance of the various 
barriers to the release of contamination and informs the process of optimising the 
facility.  An appropriate environmental monitoring programme, applying sound 
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science and best practice, is vital to building confidence in successive safety 
assessments.  Similarly, the results of successive safety assessments are used to 
inform the design of the monitoring programme.  According to the GRA, monitoring 
is:   

 ‘Taking measurements so as to be aware of the state of the disposal system 
and any changes to that state.  This may include measuring levels of 
radioactivity in samples taken from the environment and also measuring 
geological, physical and chemical parameters that are relevant to 
environmental safety and that might change as a result of the construction of 
the disposal facility, waste emplacement and closure.’ 

Monitoring at the LLWR is undertaken for a variety of purposes:  

• To confirm that the repository system is not giving rise to unacceptable 
environmental hazards by direct measurement of the impacts and to ensure 
compliance with the relevant environmental standards. 

• To develop and build confidence in the models of the repository system by 
collecting data that may be used to refine conceptual models or in model 
parameterisation, calibration or validation. 

• To provide reassurance to stakeholders that the system is safe and is evolving 
in a manner consistent with the models and assumptions in the ESC. 

• To define baseline conditions before specific engineering developments or 
activities, such as the construction of a new repository component (for 
example, a vault) or the disposal of wastes at a particular location. 

The scope of this report includes environmental monitoring of: 

• groundwater levels; 

• surface water flows; 

• non-radiological contaminant concentrations in leachate, groundwater and 
surface water; 

• meteorological variations; 

• concentrations of bulk and radioactive gases in and around the facility; 

• concentrations of radionuclides in environmental media; 

• coastal evolution and processes; 

• long term experiments to investigate the evolution of the trenches and vaults; 

• subsidence of the trench cap; 

• evolution of chemical conditions in the repository; 

• corrosion of waste disposal containers; 



 

The 2011 ESC  Monitoring 

 

LLWR/ESC/(R11)10024 Page 11 of 105   

 

• monitoring of contaminant concentrations in leachate to be discharged via the 
Marine Pipeline; 

• other regular measurements undertaken to understand the state and evolution 
of the LLWR repository system.   

The report does not address: 

• characterisation of the source term provided by contaminated land (see 
Subsection 2.5); or 

• predisposal monitoring and characterisation of the wastes that will be disposed 
to the LLWR.   

The former will be addressed within another LLWR programme [19].  Monitoring and 
characterisation of the wastes are addressed within the Level 2 report on ‘Waste 
Acceptance’ [15].   

The environmental monitoring data, results and conclusions in this report are closely 
linked to those presented in some other ESC reports:  

• The ‘Near Field’ report [6] incorporates arguments and conclusions that are 
underpinned by the environmental monitoring programme.  For example, 
understanding is supported by analysis of data from the Long-Term Trench 
Experiments (LTTE) and the Long-Term Vault Experiments (LTVE) (see 
Subsection 4.1.19).   

• Groundwater monitoring provides a baseline for understanding the 
hydrogeological system and its evolution (described in more detail in the 
‘Hydrogeology’ report [7]).  Monitoring data have been used as a basis for the 
testing and calibration of groundwater flow models.   

• Models presented in the ‘Site Evolution’ report [8] are underpinned by coastal 
monitoring data collected as part of this programme.   

• Assessments of the radiological and non-radiological impacts of the LLWR 
during the Period of Authorisation (PoA) are based in part on monitoring data.  
Models used to estimate impacts at later times have also been based in part on 
monitoring data.  During the PoA, monitoring together with possible reaction to 
address any deterioration in performance, provide assurance of appropriate 
levels of safety.  This is discussed in the ‘Environmental Safety during the 
Period of Authorisation’ report [11].   
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1.3 Structure 

In this report:  

• Section 2 provides a brief summary of the site (in part informed by the results 
from the monitoring programme) in order to provide general background for the 
reader.  Key aspects of the geology, hydrogeology and engineered features are 
described and links are made to more comprehensive information.   

• Section 3 sets out the objectives and scope of the monitoring programme.  It 
describes how the monitoring programme has been designed to meet the 
requirements of the GRA and other statutory obligations.  The interactions 
between the operator and the regulators in defining the monitoring programme 
are outlined.  The Quality Management processes, in place to ensure that the 
acquisition, handling, processing, record keeping and management of the data 
conforms to current best practice, are also described.   

• Section 4 describes the main features of the Integrated Monitoring Programme 
in operation between 2008 and 2010 and its management.  It sets out this 
programme in the context of regulatory requirements and the needs of a range 
of projects, including the ESC.  This section also summarises some of the key 
results of the monitoring programme since the previous post-closure safety 
case was submitted in 2002 (2002 PCSC) [20] and how these results have 
been interpreted to understand specific aspects of the site.   

• Section 5 describes the comprehensive monitoring programme review process 
that was undertaken in 2010 to establish the 2011 forward monitoring 
programme.  The progress in establishing the current monitoring programme 
and approaches to the long-term monitoring strategy are also described.   

• Section 6 provides a summary of achievements of the monitoring programme 
to date, some concluding remarks and a review of how the regulatory guidance 
has been addressed.   

This report is based on a number of supporting reports and reviews.  Whilst all of 
these studies used the best available data at the time, they are sometimes based on 
different datasets corresponding to different time periods and different assessment 
standards.  We therefore make clear distinctions as to the origin and time period 
appropriate to the different datasets presented in this 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 Understanding the LLWR Site and 
Facility  

This section provides a simple description of the geology and hydrogeology of the 
site in order to set the scene for the environmental monitoring programme.  A more 
comprehensive description of the hydrogeology of the site is provided in the 
‘Hydrogeology’ report [7].   

2.1 Site Setting 

The LLWR is located on the coastal plain of west Cumbria about 0.5 km from the 
Irish Sea coast at Drigg Beach (see Figures 2.1 and 2.2).  Inland of the LLWR site, 
the topography rises gradually at first, then steeply to be dominated by the Lakeland 
Fells.  It is about 3 km from the Ravenglass Estuary, where the Rivers Irt, Mite and 
Esk join.  The Rivers Irt and Mite flow roughly southwest 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.   

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 LLWR site is about 400 m from the high-water mark at its nearest point, and 
studies [21] have indicated that the site may be disrupted by coastal erosion or 
inundated as a result of sea level rise in the future.  The most likely outcome is 
considered to be disruption of the LLWR site by undercutting of the engineered 
structures within a timeframe of a few hundreds to a few thousand years.  The ‘Site 
Evolution’ report [8] provides details of the expected evolution of the site and the 
underpinning studies that have been conducted.  More detailed information on the 
site is available in reference [3].   
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Figure 2.1 Location of the LLWR 
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Figure 2.2 Aerial photograph of the LLWR site 

2.2 Geology 

The regional geology of west Cumbria is described in the publications of the British 
Geological Survey [22,23].  The geological structure in the region of the LLWR 
consists of Quaternary age deposits (up to 2.6 million years old) overlying older 
bedrock, as shown by Figure 2.3 and Figure 2.4.  Reference [24] provides a detailed 
review of the geology of the area and show how the geological understanding has 
developed since the 2002 PCSC [20]. 

The LLWR site has been subjected to complex glacial processes during the 
Quaternary period, which have given rise to a sequence of drift deposits up to about 
60m thick.  The deposits consist for the most part of interbedded deposits of clay, 
sands and gravels.  The Quaternary deposits overlie Triassic Ormskirk Sandstone 
(around 240 million years old) in the vicinity of the LLWR site.   
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Figure 2.3 Regional bedrock geology (possible major  faults shown in red).  
From reference [24] 




















































































































































































