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Preface

The Nuclear Decommissioning Authority (NDA) has been charged with implementing the
UK Government’s policy for the long-term management of higher activity radioactive waste
by planning, building and operating a geological disposal facility (GDF). Within the NDA,
we - the Radioactive Waste Management Directorate (RWMD) - are tasked with
development of a GDF.

The UK has accumulated a legacy of radioactive waste from electricity generation and
associated fuel cycle activities, defence activities and other industrial, medical, agricultural
and research activities. Radioactive wastes continue to be produced from these activities.
Some of these wastes will remain hazardous for thousands of years. The development of
new nuclear power plants in the UK would lead to the generation of wastes similar to those
already in existence.

As part of the Managing Radioactive Waste Safely (MRWS) programme, the UK
Government undertook a wide-ranging consultation on the best means of dealing with
higher activity radioactive wastes. This led, in October 2006, to the UK Government !
deciding that geological disposal, preceded by safe and secure interim storage, is the way
forward for the long-term management of these wastes.

The UK Government then published a White Paper in June 2008 that explained the
framework for implementing a national GDF. The White Paper set out the stages in a site
selection process that would lead to the identification of sites for desk-based studies,
followed by surface investigations at candidate sites, and leading ultimately to the
identification of a preferred site. The White Paper also invited communities to express an
interest in opening up without commitment discussions with the UK Government on the
possibility of hosting a GDF at some point in the future. Ouir first significant involvement in
the UK Government’s site selection process will be the conduct of desk-based studies in
participating areas.

DISPOSAL SYSTEM SAFETY CASE

Geological Disposal: An overview of the generic
Disposal System Safety Case

Generic Generic Generic

Transport Operational Environmental
Safety Case: Safety Case: Safety Case:
Main report Main report Main report

Safety assessments, status reports, other supporting reports

0990-03-NDA

An important part of our preparatory work is for us to set out an approach for assessing the
safety of the disposal system. We are setting out the approach we propose in an
integrated set of documents under the collective title ‘The Disposal System Safety Case’
(DSSC). The DSSC presents methods, evidence and arguments concerning the safety of
the transport of waste to a GDF, and the construction, operation and long-term safety of a
GDF for UK higher activity radioactive wastes.

! Throughout this document, the term UK Government includes all relevant departments and
devolved administrations, but excludes the Scottish Government, which does not support geological
disposal — the Scottish Government advocates interim near-surface, near-site storage for higher
activity radioactive wastes.
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This document is the generic Environmental Safety Case main report (ESC main report).
The ESC considers the environmental safety of a GDF during the operational period and
after closure of the facility. The ESC will be of particular interest to the environmental
regulators — the Environment Agency — as it responds to the published regulatory
guidance. Two companion reports address (i) the safety of transport of waste to a disposal
facility (the generic Transport Safety Case main report) and (ii) the safety of the
construction and operation of a GDF (the generic Operational Safety Case main report),
and will be of particular interest to the regulators responsible for transport safety (the
Department for Transport) and operational safety (the Health and Safety Executive)
respectively.

As part of the DSSC, we are also publishing an overview report for a wider readership, and
a series of safety assessment reports and research status reports on key topics relevant to
the safety of a GDF, as well as other supporting reports.

The ESC — and the overall DSSC — will be developed in stages, alongside the development
of a GDF itself, over a period lasting several decades. We call this document a “generic
ESC” because no specific sites for a GDF have yet been identified.

This generic ESC explains in principle why we have confidence in the environmental safety
of a GDF, and our approach to developing the necessary safety case to demonstrate that
confidence. A range of possible geological environments and illustrative geological
disposal concept examples is described, and we have included illustrative safety
assessment calculations based on work documented in the underpinning safety
assessment reports.

Progressive updating of the DSSC provides a management tool for use in our ongoing
development of research, site characterisation and engineering design programmes that
respond to the evolving information needs and outputs of the safety case. We also expect
the DSSC to be a continuing focus for dialogue and consultation with the regulators and
other stakeholders with an interest in safety. We have produced this document now mainly
to provide information on our methodology for progressive development of the safety case,
in order to obtain feedback on our approach prior to the conduct of site-specific analyses.

Wider dialogue on the ESC - and the DSSC overall - is supported by presentation of the
ESC as much as possible in “plain English”, while recognising that informed environmental
regulators are an important audience for this document.

We will update the ESC at regular intervals as appropriate and as required to meet
regulatory expectations. Our intention is to use the framework we have developed for the
generic ESC to prepare a site-specific ESC in due course, considering any comments we
receive on the generic ESC, lessons learned in the preparation of the generic
documentation, and accounting for the differences inherent in moving from a generic stage
to a site-specific stage. This approach is consistent with a staged development and
approval process, as advocated by the environmental regulators.
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Executive summary

1 Introduction

The Nuclear Decommissioning Authority, through its Radioactive Waste Management
Directorate, is responsible for implementing a geological disposal facility (GDF) for higher
activity radioactive wastes. This is set out in the UK Government’s Managing Radioactive
Waste Safely White Paper (MRWS) along with the details of the radioactive waste
inventory (Baseline Inventory) that requires disposal.

The wastes for disposal in a GDF include high-level waste (HLW), intermediate-level waste
(ILW), and low-level waste (LLW) unsuitable for near-surface disposal. We also consider
other nuclear materials that have not been declared as wastes by their owners, but which
might be declared as wastes in the future if it were decided they had no further use, namely
spent nuclear fuel (SF), separated plutonium and uranium. This inventory is associated
with activities primarily related to the generation of nuclear power, and the Baseline
Inventory includes “legacy” materials from existing nuclear facilities. We also consider the
implications of disposing of an Upper Inventory, including additional wastes that might be
generated in the future from a possible programme of new nuclear power stations.

The implementation of a GDF requires us to demonstrate our confidence that such a facility
would be safe, including during both the operational period and in the long-term after the
closure of such a facility. The Environmental Safety Case (ESC) is the vehicle we use to
demonstrate our understanding of environmental safety.

The Geological Disposal: Generic Environmental Safety Case main report (and its
supporting documents) demonstrates that we are confident that a GDF could be developed
to meet the guidelines set down by the environmental regulators.

2 Context and objectives

The Environmental Safety Case needs to address the fundamental protection objectives
laid down by the environmental regulators in their Guidance on Requirements for
Authorisation (GRA). The GRA provides a set of criteria, both numerical and qualitative,
against which the environmental safety of a GDF will be assessed during the operational
and post-closure periods. We envisage that an ESC should be developed as part of the
staged process before an environmental permit for underground operations would be
granted, and that the ESC will continue to be updated and become increasingly more
detailed as a GDF is developed. At this early stage in the MRWS site selection process,
which is based on voluntarism and partnership with potential host communities, we cannot
produce an ESC using site specific information and therefore our current ESC is generic.

Guidance on geological disposal has been developed over many years by various
international bodies including the Nuclear Energy Agency (NEA), European Commission
(EC) and the International Atomic Energy Agency (IAEA).

The scientific consensus worldwide is that geological disposal is technically feasible. The
US has an operational GDF (the Waste Isolation Pilot Plant, or WIPP), and Finland,
France, and Sweden are making good progress towards establishing new GDFs. Germany
is now backfilling and closing a previously operational GDF (at Morsleben) and is
scheduled to open a new GDF within a few years (at Konrad) for non-heat-producing
wastes. We can learn from the experience of overseas implementation programmes and
there is substantial international co-operation and consensus on the issues faced.

3 Our safety strategy

Our strategy for ensuring the environmental safety of a GDF consists of a design and siting
strategy, an assessment strategy, and a management strategy, as follows:
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Design and siting — We will use the ESC to assist in the various planning stages of
a GDF including; siting, layout, operation and closure. This will be within the site
volunteered by a particular host community and for the preferred disposal concept.
Disposal facility design will consider the inventory, will follow international good
practice and the GRA requirements for passive safety, and use the safety functions
of multiple barriers to provide that safety.

Assessment — Our assessment strategy follows international good practice and the
requirements of the GRA. Some components of this strategy will not be
implemented until detailed information from specific candidate sites is available at
future stages of a GDF implementation programme. However, we have
implemented those components of the strategy needed to provide confidence in our
ongoing assessment of waste packaging proposals by waste producers (through the
disposability assessment process), to demonstrate GDF viability, and to inform our
initial desk-based assessments of candidate sites once these are available.

Management — The overall management strategy we need for the near future is
already largely in place. This has been designed to show that we can deliver the
disposal system specification, and the design and siting, and assessment strategies,
in a coherent, integrated way over the long timescales required for the GDF
programme. However, our management strategy will need to develop in the future to
meet the needs of the programme as it evolves (e.g. to control site characterisation
and eventual construction, operation and closure).

Assessment basis

Our disposal concept needs to meet two complementary high-level environmental safety
objectives:

Isolation — By isolation we mean removing the waste from people and the surface
environment. Geological disposal provides isolation, therefore reducing the
likelihood of inadvertent and unauthorised human interference. Disposal in a
geological environment that is suitably deep and stable over long periods also
provides isolation from the impacts of climatic and other natural environmental
events and shielding of the natural environment from direct radiation from the waste.

Containment — By containment we mean retaining radionuclides within various
parts of the multi-barrier system for as long as required. Radioactive decay will
progressively reduce the quantities of radionuclides present in the system. For
many radionuclides, disposal concepts can provide total containment until the
radionuclides and their decay products reduce to insignificant levels of radioactivity
within the engineered barrier system. However, the engineered barriers in a
disposal facility will degrade progressively over time and gradually lose their ability
to provide containment. The geological barrier provides further containment by
delaying the movement of any small amounts of long-lived radionuclides that are
released from the engineered barrier system. Locating the GDF in a suitably deep
and stable environment protects the engineered barriers, helping them to preserve
their containment functions for longer times.

We have considered different examples of geological disposal concepts — drawing on UK
and overseas experience — that are relevant to the UK context, inventory, and available
geological environments. The illustrative examples used are all based on the principle of
passive safety provided by a combination of engineered barriers designed to complement
the natural barrier provided by the geological environment. This system of multiple barriers
ensures that the radioactivity in the wastes is sufficiently contained so that regulatory
requirements are met. The GRA requires exposures resulting from any releases to the
surface to be as low as reasonably achievable and, much less than the amount everyone
receives each year from naturally occurring sources of radioactivity.

Vi
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Evaluation of impacts on the environment and people from a GDF during the operational
phase is much the same process and is based on similar techniques to those used in
assessing such impacts from other operating nuclear facilities (such as radioactive waste
stores). For this reason, the generic ESC contains more detail on the long period following
closure of a GDF - this is where the greatest challenges lie in evaluating compliance with
regulatory guidance and, therefore, where we, the environmental regulators, and overseas
radioactive waste management organisations have undertaken the most work.

5 Environmental safety analysis

We must show that such a facility would be safe, during both the operational period and in
the long-term after the closure of such a facility.

Operational environmental safety assessment

Our high level strategy to ensure operational environmental safety is to eliminate hazards
during the normal operation of a GDF and where this is not possible to provide protection to
control any adverse environmental impacts.

During the operational period environmental safety is provided by the safety features
inherent in waste packaging specifications, and the safety procedures and management in
place during this period. The safety features of the waste packages include:

¢ the solid form of the wastes

o their packaging - mainly in steel or concrete containers designed to reduce the
potential for radioactive releases during storage and handling

o their disposal in robust containers that provide the necessary degree of radiation
shielding and containment, and are capable of normal handling during storage,
transport and disposal operations.

The air underground will be filtered to remove any particles of radioactivity that might
escape from the packages. Our illustrative quantitative assessment of possible discharges
of radioactive gases from a GDF during the operational period indicates that the regulatory
requirements could be met.

Post-closure safety assessment

Using both qualitative and quantitative reasoning, our post-closure safety assessment
presents our understanding of how a GDF would evolve once it is closed. It shows how
environmental safety could be provided by a system of multiple barriers working together to
provide safety over long timescales, of hundreds of thousands of years.

Our understanding of post-closure performance and statements on environmental safety
will come from various lines of reasoning including:

e description and analysis of the expected evolution of the geological disposal system
based on understanding of the environmental safety functions provided by different
disposal concepts and sites and by our research, design and site characterisation
work programmes

e results of experiments in underground research laboratories in other countries under
in situ conditions and long-term demonstration experiments

e studies of archaeological analogues, that is, materials that people have been using
for hundreds or thousands of years and that have survived in the environment over
long timescales and that are similar to the materials that could form part of the
engineered barrier system of a GDF (e.g. glass, cement and iron)

¢ studies of natural systems that provide analogues for processes important in
containing and retarding radionuclides in the multi-barrier system and which can

Vii
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provide information over timescales comparable to or longer than those considered
in our quantitative assessments (e.g. Cigar Lake in Canada)

e site-specific natural indicators of safety once we have candidate sites to consider
(e.g. indicators of containment and retardation in the geological environment)

¢ demonstration that the geological disposal system is robust to unexpected events
(e.g. climate change), uncertainties (e.g. concerning site-specific understanding),
and decisions (e.g. the possible need to dispose of nuclear materials such as
separated plutonium or uranium).

Quantitative studies of post-closure safety in the generic ESC focus on how safety is
provided after a facility is closed. There are three ways by which radionuclides (and other
contaminants) in the waste could return to the surface in the post-closure period, they
might:

e dissolve in and be transported by groundwater
e be released as radioactive gases that migrate to the surface via rock fissures
e be returned directly to the surface as a result of human intrusion.

For the generic ESC we have selected some examples of disposal concepts to form the
basis for modelling work and to understand the likely impacts. Almost any model by its
nature is a simplification of reality; this is particularly true for models used in quantitative
assessment studies over long timescales. For the illustrative example calculations
undertaken as part of the generic ESC, we have represented the performance of the
barriers in an appropriate simplified manner. We have varied the values of a few key
model parameters in order to understand and illustrate the potential radiological impacts of
disposing of the Baseline Inventory using different types of waste container in different
kinds of geological environment. These parameters represent:

¢ rates of groundwater movement through the disposal areas
e groundwater travel time from the disposal areas back to the surface
e discharge area over which groundwater is released at the surface

e dilution of contaminated groundwater by uncontaminated groundwater in overlying
rocks.

These calculations indicate that there are a wide range of parameter value combinations,
representing different possible disposal concepts and geological environments, which
would enable us to satisfy the radiological protection requirements in the GRA. This gives
us confidence that a GDF could be designed to suit a wide variety of UK geological
environments. The calculations also serve as one of the bases for our ongoing
assessments of the disposability of proposed waste packages.

6 Conclusion and forward programme

The generic ESC illustrates how we could implement geological disposal safely in different
geological environments for the UK’s inventory of higher activity radioactive wastes. Our
confidence is built on our understanding of how multiple barriers can work together to
provide the required long-term safety. We therefore believe that once we have a preferred
site and disposal concept, we will be able to develop an optimised design that meets all
environmental safety requirements.

The safety and environmental assessments we have undertaken are sufficient to underpin
future disposability assessments of waste packaging proposals and decisions taken as part
of issuing a Letter of Compliance to waste producers. Overall, our knowledge base is
sufficient to progress from the generic stage to studies of candidate sites when they are
identified.

Viii



NDA/RWMD/021

The staged GDF implementation process and progressive updating of the ESC will allow
many opportunities for feedback from regulators and other stakeholders, and will provide
opportunities for us to tailor our proposals with respect to new findings and comments we
receive. The generic ESC summarises and addresses issues that have been identified by

previous regulatory scrutiny. We expect ongoing dialogue with regulators and other
stakeholders to inform the next update to the ESC.
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1 Introduction

1.1 Rationale and use of the Environmental Safety Case

The concept of geological disposal of radioactive wastes dates back to the late 1950s,
when it was first advocated in the US as the most appropriate way to deal permanently with
higher activity solid radioactive wastes. Geological disposal means burial underground in a
purpose-built facility at a depth in the range 200 — 1,000 metres, with no intention to
retrieve the wastes. The overall aim of geological disposal is to remove a hazardous
material from the immediate human, and rapidly changing, surface environment to a stable
location where it will remain, protected from disturbance by disruptive natural or human
processes.

An Environmental Safety Case (ESC) for a geological disposal facility (GDF) is a set of
claims concerning the environmental safety of the disposal of radioactive waste in a GDF,
substantiated by a structured collection of arguments and evidence. Such an ESC needs
to address environmental safety at the time of disposal and in the long-term, after wastes
have been emplaced and the facility has been closed. We know that the materials that we
place underground will slowly degrade and that even the most stable geological
environments will eventually change with the passage of geological time, but the hazard
potential of the wastes also decreases by radioactive decay. Our safety assessment work
looks at the balance of these processes so that we can evaluate the environmental safety
of a GDF far into the future, as well as at the time of disposal.

An ESC needs to address the fundamental protection objective contained in the
environmental regulators’ Guidance on Requirements for Authorisation (GRA) [1,
paragraph 4.21]:

"...to ensure that all disposals of solid radioactive waste to facilities on land are
made in a way that protects the health and interests of people and the integrity
of the environment, at the time of disposal and in the future, inspires public
confidence and takes account of costs.”

The approach to achieving this in the ESC is by addressing the more detailed regulatory
principles and requirements contained in the GRA, which encompass management,
radiological and technical aspects of the safety case for a GDF. From April 2010, any
application relating to the disposal of radioactive wastes at a GDF in England or Wales
would be made under the Environmental Permitting Regulations (EPR 2010) [2], and would
be supported by an ESC. EPR 2010 largely supersedes the Radioactive Substances Act
1993 (RSA 93) [3] in England and Wales, but much of what was contained in RSA 93 now
appears in Schedule 23 of EPR 2010.

The Nuclear Decommissioning Authority (NDA) has been charged with implementing the
UK Government’s® policy for the long-term management of higher activity radioactive waste
by planning, building and operating a GDF. Within the NDA, the Radioactive Waste
Management Directorate (RWMD) is tasked with development of a GDF - the “delivery
organisation” in the GRA [1]. In the future, it is envisaged that RWMD will be established
as a subsidiary of the NDA, able to hold the necessary environmental permits and nuclear

2Throughout this document, the term UK Government includes all relevant departments and
devolved administrations, but excludes the Scottish Government. The Scottish Government does
not support geological disposal — it advocates interim near-surface, near-site storage and disposal
facilities so that the waste is monitorable and retrievable and the need for transporting it over long
distances is minimal.
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site licence, and contracted to deliver a GDF. We, RWMD, are currently operating under
voluntary scrutiny by the regulators as a “prospective Site Licence Company” in order to
demonstrate and develop the competences required of a future holder of an environmental
permit and nuclear site licence.

The UK Government’s 2008 Managing Radioactive Waste Safely (MRWS) White Paper [4]
defines the framework for implementing geological disposal. The White Paper sets out the
stages in a GDF site selection process that would lead to the identification of sites for desk-
based studies, followed by surface investigations at candidate sites, and leading ultimately
to the identification of a preferred site. The White Paper also sets out the materials that
may need to be managed through geological disposal; these are high-level waste (HLW),
intermediate-level waste (ILW), some low-level waste unsuitable for near-surface disposal
(LLW), spent nuclear fuel (SF), separated plutonium (Pu) and uranium (U), including both
highly enriched uranium (HEU) and depleted, natural and low-enriched uranium (DNLEU).
SF, Pu, HEU and DNLEU are not currently considered wastes by their owners (because
they are still considered to be of potential use), but might be declared as wastes in the
future. Additional ILW and SF, arising from any possible programme of new nuclear power
stations, would also be managed through geological disposal.

The GRA [1] makes it clear that an ESC should be developed as part of the staged process
before an environmental permit for underground operations would be granted, and that the
ESC will continue to be updated and become increasingly more detailed as a GDF is
developed. A fully developed ESC will be a substantial suite of documents that brings
together the results of many years of desk, laboratory, design and site-based work. At this
stage in the MRWS Site Selection Process, prior to the identification of sites for desk-based
studies, we cannot produce an ESC using site-specific information; therefore, the ESC is
currently generic as it does not relate to any specific site or disposal facility design.

This generic ESC is based on our understanding of the scientific and engineering principles
underpinning geological disposal. We have used examples of different disposal concepts
that have been developed around the world for a variety of geological environments and for
a range of waste types similar to those we have to consider, to illustrate the types of
engineered and natural barriers that could be used for a GDF in the UK. We have also
used some of these concepts as the basis for undertaking illustrative calculations to
understand the likely impacts of a GDF. These calculations help us quantify the relative
impacts of disposing of different types of waste in a GDF. This information is of value at
the present time in helping us advise waste producers on how different wastes should be
packaged for disposal, and in assessing the implications of potential new wastes from any
new nuclear power stations.

In the future, as we move forward with the MRWS Site Selection Process, we will replace
these illustrative calculations with a detailed assessment of the selected site(s) and chosen
GDF design(s).

Key aims of this generic ESC are to:

e Set out our understanding of the requirements of an ESC, consistent with the GRA,
explaining how we will use the ESC at various hold points in the implementation
process for a GDF (Section 2).

e Explain our safety strategy for a GDF and the way in which we will build confidence
in environmental safety through a range of qualitative and quantitative lines of
reasoning (Section 3).

¢ Provide arguments on the environmental safety of a GDF with reference to the
principles and top-level requirements of the GRA; and, consistent with being at a
generic stage, show that safety could be provided by a combination of engineered
and natural barriers in different geological environments and illustrate how a GDF
could be implemented in these environments (Sections 4 and 5, Appendices A, B
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and C). The safety arguments are based on qualitative discussion and illustrative
assessment calculations for a range of illustrative geological disposal concept
examples and associated GDF designs as applied to the UK.

¢ Provide a continuing basis for our assessment of waste packaging proposals
(“disposability assessments”) and the issue of Letters of Compliance (LoCs) to UK
waste producers (Sections 3-5).

e Help provide an appropriate basis for undertaking assessments of candidate sites
as part of the MRWS Site Selection Process (Sections 3-5).

o Identify the research and development (R&D) work needed to provide relevant
evidence and develop confidence in the qualitative and quantitative environmental
safety arguments presented in future updates of the ESC (Sections 5-6).

o Help demonstrate that we are developing the capability to perform the functions of a
Site Licence Company in due course (Sections 2-6).

The ESC is just one part of the overall generic Disposal System Safety Case (DSSC) that
we have produced as part of our preparatory studies in the first phase of the development
programme for a GDF. The generic DSSC explains and assesses the safety and
environmental implications of all aspects associated with the geological disposal of higher
activity radioactive waste in the UK. The generic DSSC covers three main areas; for each
we have prepared a separate safety report:

o transporting the waste to a GDF — the safety arguments and assessment of this are
presented in the generic Transport Safety Case (TSC) [5]

e construction of and emplacement of waste within a GDF, subsequent storage and
eventual backfilling, decommissioning and closure — presented in the generic
Operational Safety Case (OSC) [6]

¢ the environmental safety of a GDF during the operational period and after its closure
— presented in this generic Environmental Safety Case (ESC)

These programmes of work are coordinated to ensure that, for example, the design,
construction and operation of a GDF meet the requirements for long-term safety as set out
in the disposal system specification. When integrated together, the TSC, OSC and ESC
and their supporting documents comprise the DSSC, an integrated statement of the safety
of the complete disposal system.

The DSSC serves as an integrating tool within the development programme for a GDF. It
brings together our work in topic areas as diverse as disposal system specification, design,
R&D, site characterisation, safety assessment, inventory specification, and stakeholder and
regulatory dialogue. For each successive update of the DSSC, we need to integrate
activities in these topic areas as shown in Figure 1.1.

The generic DSSC provides a platform that can be updated with time, as discussed in
Sections 2.1 and 2.2. In particular, the ultimate objectives of the ESC will only be met after
several iterations, as progressively more information on candidate sites and disposal facility
designs becomes available. Updates of the ESC are foreseen at key stages in the
implementation programme for a GDF, e.g. prior to the start of surface-based intrusive site
investigations (e.g. boreholes), prior to the start of underground operations, prior to
construction of disposal areas, prior to waste emplacement, prior to sealing and closure of
a GDF, and after closure, prior to the termination of regulatory control. We envisage that
this progressive development of the ESC will provide a focus for consultation and dialogue
with those involved in the MRWS Site Selection Process, including providing a basis for
examining key issues relevant to the major decisions at each stage. This report is
therefore the first in a series that will be developed throughout the MRWS Site Selection
Process.
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Our intention is to use the framework we have developed for the generic ESC to prepare a
site-specific ESC in due course, considering any comments we receive on the generic
ESC, lessons learned in the preparation of the generic documentation, and accounting for
the differences inherent in moving from a generic stage to a site-specific stage.

Figure 1.1 Interaction between different topic areas that are addressed and
integrated in developing the ESC

Note that the Disposal System Specification covers environmental safety, transport
safety, and operational safety.
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As the programme evolves, we will use the ESC to:
e continue to provide disposability assessments to waste producers;

¢ inform choices between disposal concepts and assist in the optimisation of preferred
concepts;

¢ identify and focus research and site characterisation that inform technology
development, provide relevant evidence, and develop confidence in the ESC,;

o further develop our technical and management systems as needed to support
confidence in GDF construction, operation and closure;

e continue to promote dialogue internally and externally about the developing ESC;
and

e prepare an application for disposal of wastes that meets the regulatory guidance
(the GRA) set out by the environment agencies.

4
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In structuring this document in the form of an ESC main report, we are seeking feedback
on structure, content and safety strategy. In particular, we are keen to gain an early view
from the Environment Agency and other interested parties on our understanding and
implementation of the requirement to produce an ESC, and our proposed approach to
developing an acceptable basis for operating and ultimately closing a GDF.

For the purpose of the DSSC, the disposal system includes transport of waste to a GDF
and its handling and management in the surface and underground facilities at the disposal
site. Therefore, for the sake of clarity, we use the term geological disposal system when
we are referring only to a GDF (surface and underground facilities) and the geological
environment in which the underground facilities are located.

1.2 Approach to developing the generic Environmental Safety Case

The development of the ESC is led by RWMD staff (see Section 3.3.1.1 for a description of
staff competence), with support from key contractors having experience of environmental
safety case development for GDFs in other countries and for UK and overseas near-
surface radioactive waste disposal facilities.

Many countries are investigating the geological disposal of radioactive waste in order to
provide long-term protection for people and the environment. The MRWS White Paper [4]
notes that 25 countries have opted for a policy of geological disposal. The US has an
operational GDF for some long-lived “transuranic” wastes (the Waste Isolation Pilot Plant,
or WIPP), and Finland, France and Sweden are making good progress towards
establishing new GDFs for long-lived wastes, including SF. Germany is now backfilling and
closing a previously operational GDF (at Morsleben) and is scheduled to open a new GDF
within a few years (at Konrad) for non-heat-producing wastes. The work of the
organisations responsible for developing these disposal facilities is publicly available.

We can learn from the experience of GDF implementation overseas - and we are actively
involved with work in other countries through co-operation agreements with overseas
national waste management organisations, and through international organisations such as
the European Commission (EC), the Nuclear Energy Agency of the Organisation for
Economic Co-operation and Development (NEA/OECD), and the International Atomic
Energy Agency (IAEA). There is substantial international co-operation and consensus on
the issues faced. Guidance on different aspects of geological disposal has been
developed over many years through such organisations as the EC, the NEA and the IAEA.
The work of these organisations is also available to the public.

When we started the generic DSSC development work, we were able to draw on results
from both the previous programme of work in the UK by United Kingdom Nirex Limited
(Nirex) and the wide range of international experience of safety assessment and safety
case development over the last 40 years. The previous work illustrates how geological
disposal can be implemented safely in many different kinds of geological environment and
for many different types of radioactive waste. We are using relevant parts of this
information to develop our own approach based on the best experience and practice
worldwide. Specifically, in developing a safety case we have taken account of international
guidance [e.g. 7, 8] as well as the additional requirements for an ESC provided in the

GRA [1].

The GRA was updated in 2009 to take account of the latest international guidance.
Throughout this document we provide annotations (using boxed text at the start of
appropriate sections, starting in Section 2) to refer to specific high-level regulatory
principles and requirements that are being addressed by the various elements of our
approach.
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1.3  Structuring the Environmental Safety Case documentation

This Generic ESC main report forms part of a tiered suite of documents being produced by
us to support formal regulatory submissions and dialogue during the development of a GDF

(Figure 1.2).

At the top of the hierarchy is the DSSC overview report (Tier 0). Below the overview report
are three documents (“main reports”) written to support submissions for the three main
regulatory disciplines of transport safety, operational safety, and environmental safety (Tier
1). The three Tier 1 safety case documents build on a set of “safety assessments” and a
set of “supporting reports”, all at Tier 2.

Figure 1.2 Disposal System Safety Case document hierarchy
The safety cases consist of a main report at Tier 1, a set of assessment reports at
Tier 2, and a set of research status reports on key topics relevant to the initial
conditions and evolution of the disposal system and other supporting reports also at
Tier 2. The full set of Tier 2 reports that form part of this ESC is set out in Table 1.1.
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The Tier 2 supporting reports are of three types:

(i) reports that summarise our understanding of the initial conditions of the main
components of a GDF (i.e., the inventory, disposal system specifications, and
design reports);

(ii) reports that discuss the behaviour and evolution of key physical components of the
engineered and natural systems (i.e., the package evolution, near-field evolution,
geosphere, and biosphere research status reports); and
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(iii) reports dealing with specific cross-cutting issues (i.e., the criticality safety, gas, and
radionuclide behaviour research status reports).

We refer to the second two types of report as “research status reports”. The research
status reports summarise current understanding of key research topics important to safety,
and act as a route map into more detailed supporting literature. The relationship between
the Tier 2 research status reports and the main components of the geological disposal
system is shown in Figure 1.3.

Figure 1.3 Relationship between the Tier 2 research status reports and
geological disposal system components we have to consider in
developing safety arguments

All of these research status reports form part of the ESC, with the exception of the
Waste package accident performance status report.
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The ESC comprises the Tier 1 document (this report), plus those Tier 2 documents that are
relevant to the discussion of environmental safety in this report. The full set of Tier 2
reports that form part of this ESC is set out in Table 1.1.
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Table 1.1  List of ESC Tier 2 reports
Area Title and Reference
Inventory e Summary of the Derived Inventory based on the 2007 UK Radioactive

Waste Inventory [9]

Development of the Derived Inventory for ILW and LLW based on the 2007
UK Radioactive Waste Inventory [10]

Development of the Derived Inventory for HLW and spent fuels based on
the 2007 UK Radioactive Waste Inventory [11]

Production of the Derived Inventory for uranium and plutonium [12]

Production of the Derived Inventory for new build reactor wastes [13]

Geological Disposal:

Radioactive wastes and assessment of the

disposability of waste packages [14]

Research Status
Reports —
Conceptual
Understanding of
Processes

Geological Disposal:
Geological Disposal:
Geological Disposal:
Geological Disposal:
Geological Disposal:
Geological Disposal:

Geological Disposal:

Package evolution status report [15]
Near-field evolution status report [16]
Geosphere status report [17]

Biosphere status report [18]

Gas status report [19]

Radionuclide behaviour status report [20]

Criticality safety status report [21]

Disposal System
Specification, and
Generic Design

Geological Disposal:

[22]

Geological Disposal:

Generic Disposal System Functional Specification

Generic Disposal System Technical Specification [23]

Geological Disposal:

Reports

¢ Geological Disposal: Generic disposal facility designs [24]

e Geological Disposal: Generic disposal facility designs summary report [25]
Assessment ¢ Geological Disposal: Generic Operational Environmental Safety
Reports Assessment 2010 [26]

Generic Post-closure Safety Assessment 2010 [27]

We note that the overall social and economic impacts of constructing and operating a GDF,
and the associated environmental impacts such as noise and resource use, will be covered
under the land-use planning process and are outside the scope of the ESC, as discussed

in Section 2.5 and Appendix D.*

The intent of this Tier 1 ESC main report is to cover the environmental safety
regulations and requirements associated with the disposal of radioactive waste in a
GDF in a single summary document, with referencing to the Tier 2 reports as
appropriate. Overall, the Tier 2 reports provide more detail on the key issues that are of
significance to the safety of a GDF. Several of them support more than one part of the
DSSC (such as the Derived Inventory reports, which are an important part of all three
safety cases), and some of them are specific only to other parts of the DSSC (e.g. the

transport reports).

At this stage, it is not appropriate, or possible, to produce a full set of the Tier 2 reports that
would be required to support a full ESC, and we have focused on developing the reports

® Note that our consideration of social and economic impacts with respect to optimisation of a GDF is
discussed in Section 3.1.2.
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that are relevant to this generic stage. We expect the Tier 2 supporting reports to evolve
significantly at the next update of the DSSC, when we will have site-specific information
and designs. In particular, for updates of the ESC, Tier 2 supporting reports on site
characteristics and site characterisation plans, on monitoring plans, and on option
assessments and optimisation studies will be introduced. We will also need to develop
other supporting reports in due course as appropriate.

Below the Tier 2 reports, there is a large body of documentation, including our R&D
reports, quality assurance records, contractor and third-party reports, and scientific
literature.

1.4 Report outline

This document’s structure is outlined in Figure 1.4, which is based on headings suggested
by the NEA [8]. We have adapted the NEA’s suggested headings to serve the purpose of
an ESC in the UK context.

Section 2 provides more detail on the context and objectives of an ESC and this generic
ESC in particular, with respect to the MRWS Site Selection Process, the environmental
permitting process, and wider international and national legislation.

Section 3 sets out our safety strategy. We outline our safety concept for a GDF and
describe our approach to optimisation and optioneering, design, and site investigation and
R&D. Our safety strategy also describes our approach for assessing environmental safety,
including our approach to managing uncertainty and dealing with open questions. Much of
the strategic thinking that forms our design and siting strategy and our assessment strategy
is aspirational, because we are still at a generic stage and do not yet have specific sites
and designs.

The various management systems we have in place for planning and controlling our work
to the high standards of quality required are also described in Section 3. We consider it
particularly important that the systems we need for the near future are in place and
documented prior to starting significant work at specific sites. The relevant parts of our
management strategy are already being exercised, for example in influencing the content
and controlling the production of the DSSC documentation. However, significant parts
remain to be developed and exercised, e.g. relating to the management of site
characterisation and eventual GDF construction and operation.

Section 4 describes the assessment basis — for the generic ESC this focuses on
components of the assessment basis that are valid for a range of possible geological
environments. This section is relatively brief at this early stage of the MRWS Site Selection
Process. In future site-specific updates to the ESC, this section will summarise and
provide pointers to significant information on GDF design, the scientific and technical
information that underpins the safety case, and methods, models and computer codes and
databases that support our understanding of the disposal system and its evolution.

Section 5 includes a range of qualitative and quantitative safety arguments. For the
generic ESC this focuses on generic qualitative arguments that are valid for a GDF in
different geological environments, and illustrative examples of calculations of potential
operational environmental impacts and of potential post-closure impacts, drawn from our
safety assessment reports. We also summarise the key uncertainties that currently exist.
In future site-specific updates to the ESC, this section will summarise and provide
reference to safety information relevant to the identified site(s).
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Figure 1.4 Structure of the Generic ESC main report

Table 2.1 sets our where in this report structure each of the GRA requirements is
considered.
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The key findings of the generic ESC are brought together in Section 6, and issues requiring
further work are summarised. In future site-specific updates to the ESC, this section will
provide a description of our forward work programme tied into findings and specific gaps in
the ESC.

Appendices A, B and C contain summary information specific to the UK application of a
set of illustrative geological disposal concept examples developed for three different host
rocks — higher strength rocks, lower strength sedimentary rocks, and evaporites. These
appendices include conceptual design information, scientific and technical information and
safety arguments relevant to each illustrative example. These appendices also provide a
high-level summary of — and introduction to — many of the supporting reports (research
status reports, generic design reports) that form part of this generic ESC.

Our decision on suitable illustrative geological disposal concept examples to consider at
this generic stage of the programme was informed by a suite of disposal concept option
studies [28, 29, 30, 31].

At this generic stage, the illustrative geological disposal concept examples are needed for
the following reasons [32]:

o to further develop our understanding of the functional and technical requirements of
the geological disposal system;

o to further develop our understanding of design requirements;

e to support the scoping and assessment of the safety, environmental, social and
economic impacts of a GDF;

o to support development and prioritisation of our R&D programme;
o to provide a basis for our analysis of the potential costs of geological disposal; and

o to support our assessment of the disposability of waste packages proposed by
waste holders.

However, this does not necessarily mean that any of the illustrative disposal concepts
discussed at this generic stage represent the concept intended to be used in a particular
geological environment. At this stage, no geological disposal concept has been ruled out.

Appendix D describes international and national legislation and documents relevant to the
ESC and the evaluation of environmental safety.

Appendix E presents a table documenting how we intend to show where GRA
requirements are considered in ESC documentation and identifying forward work
programmes to address requirements where there are gaps.

Appendix F summarises previous regulatory scrutiny of work that is particularly relevant to
the development of the ESC. Each update of the ESC will have an appendix that identifies
reviews of the preceding version of the ESC and our responses to those reviews and/or
where in the ESC the comment has been considered. In addition, we will identify the main
changes between successive updates of the ESC.

11
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2 Environmental Safety Case context and objectives

The context for the ESC relates to the current stage in the decision-making process and
explains in more detail why the safety case is being produced, when, why and how it will be
updated with time, and the framework against which it will be evaluated. This section is
structured as follows:

e Section 2.1 describes the stages of the MRWS Site Selection Process, and outlines
points at which the ESC will be updated with reference to this process and the
environmental permitting process.

e Section 2.2 describes the objectives of the ESC as it evolves with time to meet the
requirements of both the MRWS Site Selection Process and the environmental
regulators.

e Section 2.3 describes the regulatory context and process within which the ESC work
is conducted, and the manner of our engagement with the environmental regulators.

e Section 2.4 describes the context of wider dialogue on the ESC and what we have
done to satisfy the requirement for wider dialogue at the generic stage of the MRWS
Site Selection Process, prior to specific sites being known, and how we intend to
move forward with wider dialogue on the ESC.

e Section 2.5 provides a pointer to related international and national environmental
safety legislation and documents, which are discussed in more detail in Appendix D.

2.1 The MRWS Site Selection Process and progressive updating of the ESC

The UK Government's 2008 MRWS White Paper [4] sets out a series of stages in the
selection of a site for a GDF and the development and operation of a GDF, and identifies
the decisions to be made and stakeholders involved at each stage.

The guidance provided in the GRA [1] on the timing of development of the ESC has been
written to be compatible with the MRWS Site Selection Process. However, whereas the
UK Government’s 2008 White Paper [4] just considers GDF implementation, the GRA
considers the entire life cycle of GDF implementation, operation and closure, and the
regulatory approvals required throughout this process.

We discuss first the timing of ESC updates with regard to the MRWS Site Selection
Process (Section 2.1.1), and then with regard to the staged environmental permitting
process under EPR 2010 [2] and the GRA [1] (Section 2.1.2).

2.1.1 Timing of ESC updates with regard to the MRWS Site Selection Process

The stages of the MRWS Site Selection Process are illustrated in the left-hand side of
Figure 2.1, and are described below, along with the ESC work we have to do during each
stage:

e Stage 1: Invitation issued and Expression of Interest from communities.
Stage 1 was launched in June 2008 with publication of the UK Government’'s MRWS
White Paper [4]. Stage 1 is being undertaken independently of ourselves, led by the
UK Government. Communities can express an interest in participating in the MRWS
Site Selection Process without commitment in order to open discussions with the
Government.

13
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Stage 2: Consistently applied ‘sub-surface unsuitability’ test. Once a
community has made an Expression of Interest, another independent organisation,
the British Geological Survey, makes an assessment on behalf of the UK
Government of whether sub-surface conditions mean that areas covered by the
community are obviously unsuitable for development of a GDF. This assessment is
against the sub-surface screening criteria listed in the MRWS White Paper [4]. The
aim of this stage is to eliminate any obviously unsuitable sites.

Stage 3: Community consideration leading to Decision to Participate. If the
sub-surface screening criteria do not rule out the whole area covered by the
community, the community will need to decide whether to participate further in the
siting process, still without commitment. Following a Decision to Participate, the UK
Government expects that a formal Community Siting Partnership will be set up, such
that the host community, decision-making bodies, and wider local interests will work
with us and other relevant interested parties for the remaining stages.

The generic ESC has been assembled during Stages 1-3 of the MRWS Site
Selection Process, and will be used by us in Stage 4.

Stage 4: Desk-based studies in participating areas. Once the Community Siting
Partnership has identified one or more potential sites, we will undertake desk-based
assessments and evaluations of the sites carried forward to this stage. These
studies will focus on the suitability of a specific site or sites within each potential host
community area. The assessments will involve gathering information about the
candidate communities and sites and evaluating them against criteria that will have
been previously agreed by the UK Government. Following a request from the
Government, we have published proposals for a site assessment methodology [33]
for consideration and comment. In particular, we propose that for any candidate
site to remain in the MRWS Site Selection Process and be carried through to
the next stage, there must be an ability to develop a disposal concept for a
GDF appropriate to the geological environment that is likely to meet
operational and long-term safety requirements, and security and safeguards
requirements. During Stage 4 we expect that we will be able to be more specific
about relevant disposal concepts for the geological environments under
consideration, depending on the extent and nature of pre-existing information about
the geological environment for the candidate site(s).

Several of the evaluation objectives we have proposed for the desk-based
assessments in Stage 4 of the MRWS Site Selection Process are relevant to the
ESC. Consistent with the MRWS White Paper [4], these objectives include:

1. finding a suitable geological setting for a GDF;

2. minimising the potential impact of a GDF on people during GDF site
investigations, construction, operation and closure;

3. minimising the potential impact of a GDF on the natural environment and
landscape;

4. maximising the beneficial effect of a GDF on local socio-economic conditions and
minimising any adverse effect;

5. minimising the requirement for transport to a GDF and the provision of transport
infrastructure; and

6. minimising cost and timing and maximising ease of implementation of a GDF.

14
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Figure 2.1 The stages in the MRWS Site Selection Process, illustrating when
we intend to provide updates to the ESC, and links to documents
requested by the environmental regulators to support dialogue
and environmental permitting decisions
Indicative timescales are shown on the left side of the figure.
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Each of these objectives covers between two and four specific criteria (see [33] for a
full list of our proposed evaluation criteria). We will work with Community Siting
Partnerships to ensure that local issues are addressed in our assessments.
Discussions will also take place on how to ensure that a GDF is acceptable to the
potential host community and contributes to its social and economic well-being. The
Stage 4 assessments will be reviewed by the regulators and the UK Government’s
advisory body, the Committee on Radioactive Waste Management (CoRWM). The
Community Siting Partnerships will make recommendations to their local decision-
making bodies, who will then decide whether to proceed to the next stage of the Site
Selection Process. On the basis of the assessments, reviews, recommendations
and decisions of all parties, the UK Government will then select one or more
candidate sites to take forward to Stage 5 of the MRWS Site Selection Process.

Where appropriate to conducting the Stage 4 siting evaluations, we will apply
the assessment methods used in this generic ESC to provide arguments
regarding our ability to produce a safety case at the candidate site(s). Our
focus will be on providing sufficient understanding of the properties of the
site(s) to identify site-specific safety strategies and disposal concepts, key
safety arguments, and the site-specific evidence that supports them or the
type of evidence that is expected to support them. The Stage 4 site
assessments will therefore start the process of translating the generic ESC
into one or more site-specific ESCs when the appropriate information is
available.

Stage 5: Surface investigations on remaining candidates. We will need to
obtain a great deal of site-specific information to develop and build confidence in
GDF designs tailored to individual sites. These investigations are likely to include
non-intrusive geophysical surveys and, later, the drilling of boreholes to various
depths to investigate the local geology in more detail. Surface-based investigations
could last a number of years, and will support more detailed assessments of the
sites. We will need to obtain planning permission to undertake some of the
investigations (e.g. boreholes). The ESC will support our application to the
environmental regulators under EPR 2010 [2] for an environmental permit to
commence drilling work at the candidate site(s). Thereafter, our work will be subject
to ongoing formal regulatory control, through the issue of a series of environmental
permits, as described in the GRA [1] and discussed in Section 2.1.2. We will
update our site assessments during this period, and will discuss with the
environmental regulators any need for periodic updates of our ESC during
Stage 5.

Once detailed site-specific data have been obtained, and site assessments have
been developed and reviewed, the Community Siting Partnership(s) will make a
recommendation to their local decision-making bodies about whether to proceed to
the next stage of the Site Selection Process. The end of Stage 5 is the last
opportunity for a Community Siting Partnership to withdraw from the MRWS Site
Selection Process. The local decision-making bodies will decide whether they wish
to proceed further, and the UK Government will then make an informed decision on
a preferred site. Assuming the local decision-making bodies have decided to
proceed further, we would make an application to the environmental regulators to
revise our environment permit to commence initial underground investigations at the
preferred site, and would also need to apply for planning permission for such work.

Stage 6: Underground operations. We will undertake underground construction
work and investigations at the preferred site. The aims of the initial phase of
underground work will be to confirm the site’s suitability to host a GDF that complies
with safety and environmental regulatory requirements, and to provide additional
information for the final stages of detailed design. We will introduce a new set of
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investigation techniques suitable for use in the underground facilities, although some
surface-based work will continue. After gathering sufficient additional
information, we will update the ESC to feed into a regulatory decision on GDF
construction. If regulatory requirements are met, the regulators will permit further
underground operations, including construction of waste disposal areas and all
required waste handling facilities (at the surface and underground). We will
continue to develop our safety case, in consultation with the regulators and
Community Siting Partnership, throughout Stage 6, and we will update the ESC
when we are ready to begin accepting waste at a GDF.

If at any stage in the development process for a GDF, an issue arises that may significantly
impact the ESC, we will discuss the means of resolving the issue with regulators and the
Community Siting Partnership.

Although we have been discussing the sequence of updates to the ESC, the ESC forms
part of an integrated DSSC, and the TSC and OSC will be updated at the same time, if
appropriate.

2.1.2 Timing of ESC updates with regard to the environmental permitting
process

The GRA [1] sets out the expectations of the environment agencies in terms of the
submission of an updated ESC at key points in the lifecycle of the development of a GDF.
These are also illustrated in Figure 2.1 and are discussed below and in Section 2.2.
Consistent with the GRA, we anticipate that an initial environmental permit will be required
before proceeding with the Stage 5 “intrusive” investigations (e.g. boreholes), and an “initial
site evaluation” would be expected at this time. We will discuss the timing, nature and
content of any application with the relevant environment agencies. Therefore, our
applications for an environmental permit for surface-based intrusive site investigations and
for initial underground operations may be supported by an update to our ESC. We are
likely to seek approval from the environment agencies, via the issue of an environment
permit, prior to committing a significant amount of money and time to evaluating one or
more candidate sites.

The initial site evaluation will be followed by a “preliminary environmental safety evaluation”
before the start of Stage 6 work. The GRA identifies that the first or “initial environmental
safety case” would be produced during Stage 6, after the first phase of underground
investigations. It is only at that time that the environmental regulators would be expecting
us to have fully met all of the main requirements of the GRA, and hence would be prepared
to grant an environmental permit for “disposal in principle” [1].

Although the GRA does not formally require an ESC prior to Stage 6, there are other
reasons for developing one earlier, even if the ESC cannot yet fully address the GRA. In
particular, progressive development of the ESC from the beginning of the process provides
us with a management tool to help us develop work programmes focused on those areas
most important to building confidence in the safety of a GDF and those issues raised by the
regulators and Community Siting Partnerships. An ESC is also important in helping to
demonstrate our capability to become a Site Licence Company in due course, and in our
ongoing role of providing disposability assessments to waste producers.

Assuming we receive approval for disposal in principle, we expect to begin construction of
the disposal areas and complete construction of all necessary waste handling facilities.
Then, when we are ready to begin waste emplacement operations at the site, we expect to
prepare a “pre-operational ESC” to seek final approval for disposal.
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Once we commence waste emplacement operations, we expect to produce updates of the
ESC at a frequency to be agreed with the environmental regulators (10 yearly is normal
practice for periodic safety reviews for operating nuclear plant), to take account of
operational experience and to consider the potential impacts of any new proposals for
waste packaging or GDF design modifications. We expect to produce a closure ESC when
we have completed disposal operations and a decision has been taken to seal and close
the facility. We anticipate a final ESC would be produced after closure of the facility, when
we are ready to request that our environmental permit is surrendered.

We have discussed the timing of updates to the ESC here. In the next section, we discuss
the wider purposes of the ESC both generally and with reference to the main development
stages.

2.2  Objectives of the ESC

GRA Requirement R3: Environmental safety case’

An application under RSA 93° relating to a proposed disposal of solid radioactive waste
should be supported by an environmental safety case.

We will prepare an ESC in support of any application for an environmental permit to
dispose of radioactive wastes under EPR 2010 [2]. The GRA defines an ESC as:

“The collection of arguments, provided by the developer or operator of a
disposal facility, that seeks to demonstrate that the required standard of
environmental safety is achieved.”

This definition is consistent with international guidance on the preparation and content of a
safety case for radioactive waste disposal facilities, including guidance from the IAEA [7]
and the NEA [8].

We note that the ESC needs to consider environmental safety both during the period when
an environmental permit is held, and in the long term, after a GDF is closed. This generic
ESC contains more detail on the post-closure period because this is where the greatest
challenges lie in demonstrating compliance with regulatory guidance and, therefore, where
the most work is required. Evaluation of impacts on people and the environment from a
GDF during the operational phase is based on similar techniques as those used in
assessing such impacts from other operating nuclear plant (e.g. waste stores). Clearly
there cannot be equivalent experience of a purpose-built underground disposal facility to
guide safety assessments over the million-year timescale typically considered for the post-
closure period of a GDF — although there is significant experience available from the
previous work of Nirex and from GDF implementation programmes in other countries.

Having said that, we note that the waste would be at its most hazardous during the first few
hundreds of years — during operation of a GDF and in the immediate post-closure period —
because that is when the activity of the waste is at its highest (see Figure 4.1).
Environmental safety during this period is a priority of our design strategy (see

Section 3.1.1, Figure 3.2).

In this Section, we describe the objectives of the ESC as it evolves with time to meet the
requirements of the environmental regulators as set out in the GRA [1], first from a general
viewpoint and specifically with regard to the generic ESC (Section 2.2.1), and then at later
development stages (Section 2.2.2).

* Boxed text throughout this document reproduces the top-level requirements for authorisation of a
GDF from the GRA [1] at the start of the sections that are most relevant to demonstrating how they
are met by the ESC.

® RSA 93 is now superseded by EPR 2010 in England and Wales.
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2.2.1 Using the ESC to demonstrate compliance with the GRA

The “required standard of environmental safety” is set out in the GRA [1]. The GRA sets
out the fundamental protection objective, as reproduced in Section 1 of this document, and
a set of five principles for solid radioactive waste disposal (Figure 2.2). It then provides a
series of top-level requirements: Chapter 5 of the GRA sets out requirements on process
and Chapter 6 sets out management, radiological and technical requirements. Each of the
top-level requirements in the GRA is underlain by other more detailed requirements set out
in supporting paragraphs. Although the GRA represents regulatory guidance and is not
mandatory, the term “requirement” is used in the GRA to emphasise items that are
particularly important from the regulatory perspective and where there is a strong
expectation that they will be met. By meeting the requirements in the GRA, a GDF will
comply with the GRA principles and, therefore, national and international waste
management policy and principles (see Section 2.5, Appendix D).

As discussed in Section 2.1 and illustrated in Figure 2.1, we are currently a long way from
making an application to the environmental regulators to dispose of wastes. In this generic
ESC, we explain why we consider we would be able to make an environmental safety case
for a GDF, based on our understanding of the scientific and engineering principles
underpinning geological disposal. We do not yet have a site or disposal concept for a UK
GDF. For this generic ESC, our discussion of environmental safety is therefore based on
consideration of selected examples of different disposal concepts that have been
developed around the world for a variety of geological environments and for a range of
waste types similar to those we have to consider in the UK. The application to the UK of
these illustrative geological disposal concept examples is discussed in Appendices A, B
and C.

The main objectives of this generic ESC, set out in Section 1.1, are consistent with the
general guidance on an ESC in Chapter 7 of the GRA, relevant to the early stages of the
MRWS Site Selection Process. Our focus in this generic ESC is on the strategy for
meeting the top-level GRA requirements and, with the exception of GRA Requirements R1,
R2 and R3, these are shown in a text box at the top of the relevant part of Section 3.
Requirements R1, R2 and R3 are considered in Section 2. In future site-specific updates
of the ESC, we expect the focus will move to demonstration of how the GRA requirements
are met, rather than mainly a strategic discussion of methodology. Table 2.1 sets out
where in this document we discuss each of the GRA requirements. In future updates of the
ESC, we also expect the detailed requirements in supporting paragraphs of the GRA would
also be explicitly considered (see Appendix E).
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Relationship between the fundamental protection objective,
principles and top-level requirements for solid radioactive waste
disposal in the GRA

Figure based on the GRA [1, Figure 3.1]. Table 2.1 sets out where in the generic ESC
we address each of these requirements. Note that references in this document to the
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an environmental permit is held.
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Table 2.1  Section(s) in this report where each high-level requirement in the
GRA is discussed
As this report is following the international guidance on structuring of an ESC, the
GRA requirements are discussed within the logical order of presentation in this report,
not the order in which they are set out in the GRA. Bold type indicates those
requirements we consider to be met in this generic ESC. For the majority of the
requirements, full demonstration that they have been met will only be possible at later
stages in the development of the ESC.

No. | GRA requirement title Approach to Demonstration
meeting of meeting
requirement requirement

R1 Process by agreement Section 2.3 Section 2.3

R2 Dialogue with potential host communities and others Section 2.4 Section 2.4

Section 3.3.3

R3 Environmental Safety Case Section 2.1 Entire document
Section 2.2

R4 Environmental safety culture and management Section 3.3 Section 3.3

system

R5 Dose constraint during the period of authorisation Section 3.2.1 Section 5.1

R6 Risk guidance level after the period of authorisation Section 3.2.2 Section 5.2

R7 Human intrusion after the period of authorisation Section 3.2.3 Section 5.2.2.3

R8 Optimisation Section 3.1.2 Section 4.1.4

R9 Environmental radioactivity Section 3.2.4 Section 3.2.4

R10 | Protection against non-radiological hazards Section 3.2.5 Section 3.2.5

R11 | Site investigation Section 3.1.5 Section 4.1.3

R12 | Use of site and facility design, construction, operation | Section 3.1.3 Section 4.1.5

and closure

R13 | Waste acceptance criteria Section 3.1.4 Section 4.1.2

R14 | Monitoring Section 3.1.6 Section 4.2.2

2.2.2 Objectives of the ESC at later development stages

The UK Government will decide the candidate sites where we will begin surface-based
investigations in Stage 5, based in part on the desk-based site assessment studies we
conduct during Stage 4. We will update these assessments to feed into a decision to

initiate surface-based intrusive investigations (e.g. boreholes) at one or more sites. This is
termed the “initial site evaluation” in the GRA (Figure 2.1). The updated assessments for
surface-based intrusive site investigations would contain site-specific disposal concepts
and assessments based on the results of desk-based information gathering and any initial
surface-based non-intrusive site investigations (e.g. surface geophysics). The forward
programme leading to these assessments will become more detailed and will link clearly to
site-specific R&D, site characterisation and design requirements.

By early in Stage 5 there would be several new objectives for any work related to
developing the ESC. In particular, we would wish to:

e provide largely qualitative views on the feasibility of constructing a GDF at the
candidate site(s);

o demonstrate how a GDF at the candidate site(s) could meet the principles and
requirements of the GRA;
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e explain how we intend to continue characterising the candidate site(s); and
¢ indicate how we would go about continuing to develop the ESC for a GDF.

We would also undertake limited quantitative assessment based on available site
knowledge and data. An important aim would be to demonstrate that any proposed
surface-based intrusive site investigations would not compromise the integrity of a
candidate site to the unacceptable detriment of the environmental safety of a GDF.

At the conclusion of Stage 5 and before continuing to Stage 6 (underground operations),
another update of the siting assessments would be prepared to justify a decision on
underground operations at a single site. This is termed the “preliminary environmental
safety evaluation” in the GRA. This update would include increasingly more detailed
quantitative assessment based on available site knowledge and data and GDF designs.
This update to the assessments would also need to demonstrate that underground
operations would not compromise the integrity of a candidate site to the unacceptable
detriment of the environmental safety of a possible GDF.

As underground investigations/operations progress and increase in scale during Stage 6,
an “initial environmental safety case” would be expected by the environment agencies,
developed to the degree necessary to inform a regulatory decision on whether an
environmental permit for disposal in principle could be granted.

At a final hold point before waste is placed in a GDF, a “pre-operational environmental
safety case” is expected by the regulators. This update to the ESC would be based on a
single site, design and intended inventory, taking account of knowledge and understanding
gained during underground investigation and the initial phase of construction®, and
demonstrating that a GDF meets the requirements of the GRA. The pre-operational
environmental safety case would provide a basis for an environmental permit to allow
waste disposal to start.

As the ESC develops beyond the generic stage towards supporting an application for an
environmental permit for disposal of radioactive waste at a specific site, it would also need
to:

o set out a site-specific and design-specific environmental safety strategy, i.e. the top-
level description of the fundamental approach to be taken to demonstrate
environmental safety of the system;

e demonstrate a clear understanding of the disposal facility in its geological setting,
how the geological disposal system will evolve, and how its various components
contribute to meeting the requirement of providing a safe long-term solution for the
UK’s higher activity radioactive wastes; and

e describe the key environmental safety arguments and the underpinning lines of
reasoning and detailed analysis, assessments and supporting evidence.

A site-specific ESC in support of such an application would be a substantial submission
and would need to include detailed information of the following types:

e the geology, hydrogeology, geochemistry, geotechnical characteristics and surface
environment of the chosen site and its setting;

o the characteristics of the waste including its radionuclide and materials content,
treatment and packaging;

® Note that after initial construction of the GDF sufficient to allow disposals to commence, further
construction of new disposal areas would proceed in parallel to disposal in existing vaults and
tunnels.
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¢ the design and layout of the disposal facility, including the design of the engineered
barriers, and how it will be constructed, operated and closed,;

¢ the basis for, and output from, computer-based models of the performance of the
disposal system and its components; and

¢ semi-quantitative and qualitative supporting evidence that builds confidence in our
claims for environmental safety.

As the ESC is progressively updated, it will also need to include further information on how
we manage safety and how key decisions have been made, including:

e adescription of our technical and management system to ensure that a GDF would
be constructed, operated and closed as required;

e explanation of how the supporting work programme, including site characterisation
and R&D activities, has been prioritised;

o how the disposal facility design has been developed and optimised - for example,
how choices between design options for a specific site were made; and

¢ how uncertainties in our planning assumptions and uncertainties specific to our
understanding of candidate site(s) have been and are being managed.

At this generic stage of the MRWS Site Selection Process, it is not possible to include
detailed information of this type.

2.3 Regulatory context

GRA Requirement R1: Process by agreement

The developer should follow a process by agreement for developing a disposal facility for
solid radioactive waste.

In this section we set out our understanding of GRA Requirement R1 and explain why we
consider this requirement to be met (Section 2.3.1). We also provide selected examples of
regulatory scrutiny work that we have considered in developing the generic ESC

(Section 2.3.2).

2.3.1 Compliance with GRA Requirement R1

The developer of a radioactive waste disposal facility must hold an environmental permit
under EPR 2010 [2] or an authorisation under RSA 93 [3] from the relevant environment
agency before any disposal of radioactive waste can take place. However, a significant
amount of resources in both time and money will be expended by a developer of a GDF
before the facility is ready to accept waste. This is recognised in the GRA, and the
environment agencies expect a developer to enter into an agreement by which the
agencies can charge the developer to provide advice and assistance after a decision has
been made to start a process to select a site for a GDF. This arrangement is termed a
“process by agreement” in the GRA, and is a top-level requirement for the regulatory
approval process set out in the GRA.

It is highly likely that the relevant environmental regulator for a GDF would be the
Environment Agency’, and we already have an ongoing formal arrangement with the
Environment Agency to facilitate scrutiny of our work. Therefore, we are already in a
process by agreement and we believe that we fulfil GRA Requirement R1. This generic
ESC will be scrutinised by the Environment Agency as part of that agreement. A summary

” The Environment Agency is the environmental regulator in England and Wales.
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of the Environment Agency’s ongoing scrutiny work leading up to publication of this generic
ESC is contained in [34], and selected examples are discussed in Section 2.3.2.

Ongoing early dialogue between ourselves and the environmental regulator will help build
mutual confidence in the regulatory process. It will help both us and the environmental
regulator to identify any potential environmental safety issues that require resolution before
there is a significant investment of time and money. It will also allow us to develop a
strategy for addressing possible environmental safety concerns before proceeding with an
application under EPR 2010 [2]. Early dialogue also increases understanding of our
proposals so that the environmental regulator can make informed comments to the
planning authority during applications under the land-use planning process. Publishing the
record of the dialogue will facilitate open discussion with stakeholders of regulatory views
and our views.

The UK Government has a general responsibility to ensure that the regulatory framework
for a GDF is adapted to the MRWS Site Selection Process. The UK Government has
recently amended the legislative powers to enable a staged environmental permitting
process for a GDF by taking radioactive substances regulation into the Environmental
Permitting Regulations [2]%. This is illustrated in the right-hand side of Figure 2.1, which
shows that staged environmental permitting would involve regulatory control of the
development from the start of “intrusive” site investigation onwards (i.e. at some point
during Stage 5 of the MRWS Site Selection Process), with the process by agreement
covering dialogue until this hold point. Submissions to the environmental regulator and
corresponding submissions under the nuclear site licensing process (see Section 2.5)
would then be formally required to obtain a series of regulatory permits throughout intrusive
investigation, construction, operation, and closure of a GDF.

The regulatory context of the ESC will change over time, consistent with a staged
development and approval process. Currently, the emphasis is on strategy and how we
intend to meet requirements and demonstrate safety. This will gradually change to an
emphasis on implementation of a GDF, and how we have met requirements. The detailed
objectives of the generic ESC and future ESCs are set out in Section 1.1 and Section 2.2.

2.3.2 Selected examples of regulatory scrutiny

The Environment Agency has been involved in regulatory scrutiny of our work since the
formation of RWMD and, previously, it scrutinised the work of Nirex. A wide range of
regulatory scrutiny interactions and reports has been produced, as summarised most
recently in [34]. Selected examples include reviews of the following reports or topic areas:

o The GDF viability assessment conducted by Nirex [35] — see Appendix F.

e Context for post-closure generic performance assessment (GPA) [36] — see
Appendix F and our response to the review in [37].

o Near-field processes [38]. The recommendations in this review back up those
provided in the Environment Agency’s review of the viability assessment and are
therefore also essentially covered in Appendix F of this report. Although the
Environment Agency’s recommendations are not specifically highlighted in the Near-
field evolution status report [16], they were considered in developing that report.

o The longevity of ILW packages for geological disposal [39]. The Environment
Agency’s recommendations have been considered in developing the Package
evolution status report [15] and our response to the review is contained in [40].

® Note that the Environmental Permitting Regulations only apply to England and Wales.
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e Gas generation and migration from a GDF [41]. The Environment Agency’s
recommendations have been considered in developing the Gas status report [19],
and our response to the review is contained in [42].

The first two reviews are the most relevant to this generic ESC. In the interest of
demonstrating a connection between past and current work on UK GDF development and
regulatory dialogue, we set out in Appendix F in some detail the issues identified in the
viability assessment work and the Environment Agency’s review of that work, and the
issues identified in the Environment Agency’s review of the GPA and our responses to
them. The regulatory review of previous work by Nirex forms part of the regulatory context
for the generic ESC.

The Environment Agency also reviewed a storyboard we developed in 2009 to set out our
intentions for this Generic ESC main report [43]. The storyboard was a ~40-page
document that outlined in some detail the proposed structure of this report, and contained
brief statements about the likely content of each section. We also summarise in

Appendix F the Environment Agency’s comments on that storyboard and our responses to
those comments and/or where they have been considered in this report. The regulatory
review of this storyboard also forms part of the regulatory context for this report.

2.4  Wider dialogue on the ESC

GRA Requirement R2: Dialogue with potential host communities and others

The developer should engage in dialogue with the planning authority, potential host
community, other interested parties and the general public on its developing environmental
safety case.

As the developer of a GDF, we will engage in dialogue regarding the ESC with the
identified potential host communities, their Community Siting Partnerships, the relevant
local planning authority, other interested parties, and the general public. We regard such
dialogue as an essential element of the step-wise process for the successful development
of a GDF.

As discussed in Section 1.1, a key reason we are producing this generic ESC at an early
stage, prior to the identification of any sites, is to provide information to all stakeholders on
our proposals for the structure of an ESC and to seek their feedback on our strategy so that
highlighted issues can be addressed in future updates of the ESC.

Wider dialogue on the ESC - and the DSSC overall - is supported by the production of a
DSSC overview report [44] written in non-technical language. We have also prepared a
more publicly accessible version of our generic design report [25], and note that the
Disposal System Functional Specification [22] has been prepared to be accessible to wider
audiences that the more detailed Disposal System Technical Specification [22]. These
reports are supported by presentation of all the ESC and DSSC documents as much as
possible in ‘plain English’, while recognising that informed regulators are an important
audience for these reports, and that some of the arguments we need to make are of a
specialist technical nature.

Future updates of the ESC will be supported by more extensive programmes of dialogue
with potential host communities, once they are participating in the UK Government’s
MRWS Site Selection Process. We expect to take an active role in face-to-face dialogue
with the Community Siting Partnership(s), once these have formed.

However, we recognise that there is a wide range of other interested parties with differing
requirements (e.g. nuclear industry, academia, non-governmental organisations, politicians,
media, schools, etc.), and we will prepare other materials and engage in dialogue as
necessary to meet the needs of these other stakeholders. For dialogue on the ESC to be
effective, we will need to ensure that we understand the needs and interests of all our
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stakeholders. We have conducted research to understand the needs and interests of wider
audiences and how best to communicate safety issues (e.g. [45]). We can use the generic
ESC as a means of furthering such research.

The dialogue processes we will use are still under consideration; however, a variety of
processes will be used to encourage a broad level of involvement [46]. These could
involve our staff undertaking the following kinds of activity:

e preparing further written documents, presentations and posters on specific safety
issues;

e using electronic communication tools (e.g. via the internet) to present safety
information; and

e participating in various forms of public meetings (e.g. lectures, workshops, drop-in
sessions), depending on the issue(s) to be considered and the stakeholder group(s)
involved.

Dialogue will be important not only prior to the key decisions that need to be taken during
the MRWS Site Selection Process (Section 2.1), but between these points to provide
confidence that we are listening to what others have to say and responding appropriately,
and to build confidence that our safety evaluations are being undertaken in an unbiased
manner.

It will not be possible to engage in dialogue on every decision we have to make and, even
where dialogue occurs, we realise that not all stakeholders will necessarily have the same
views. Where there are disagreements between stakeholders, our aim will be to satisfy the
needs of regulators and the Community Siting Partnership(s), while carefully explaining to
others the basis behind our decisions.

We will also respond to comments we receive from stakeholders on the ESC. Finally, if at
any stage in the development process for a GDF, an issue arises that may significantly
impact the ESC, we will discuss the means of resolving the issue with the Community
Siting Partnership and others.

Further information on our public and stakeholder engagement and communications
strategy and how it was developed is contained in [46].

2.5 Related international and national environmental legislation, guidance
and obligations

International treaty obligations affecting UK radioactive waste management policy include
obligations stemming from membership of the European Union [47], obligations under the
1993 Oslo and Paris Convention on the Protection of the Marine Environment of the North
East Atlantic (OSPAR Convention) [48], and obligations under the IAEA-sponsored Joint
Convention on the Safety of Spent Fuel Management and the Safety of Radioactive Waste
Management [49]. Policy and regulation in the UK also takes account of guidance from the
IAEA [50] and the International Commission on Radiological Protection (ICRP) [51]. The
UK Government’s 2008 MRWS White Paper [4] and the GRA [1] are consistent with these
international treaties and guidance. Therefore, compliance with the GRA ensures
compliance with existing international expectations on the environmental safety of a GDF.
A summary of international obligations and guidance relevant to the environmental safety
of a GDF is provided in Appendix D.

In addition to EPR 2010 [2] and the GRA [1], development of a GDF in England or Wales
must comply with a range of other legislation relevant to environmental safety and the ESC
[52], and in particular:
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e Strategic Environmental Assessment (SEA) under European Directive 2001/42/EC
[53];

¢ land-use planning and Environmental Impact Assessment (EIA) under the Town and
Country Planning Act 1990 in England and Wales [54];

o the 2000 European Water Framework Directive [55] and 2006 Groundwater
Directive [56];

o the Health and Safety at Work Act 1974 [57] and the Nuclear Installations Act 1965
[58] — see below;

o the Nuclear Industries Security Regulations 2003 [59];

e Carriage of Dangerous Goods and Use of Transportable Pressure Equipment
Regulations 2009 [60]; and

o Regulations for the Safe Transport of Radioactive Material 2005 [61] — see below.

A summary of extant legislation and how this is currently expected to impact the ESC is
also provided in Appendix D.

A GDF would require a site licence under the Nuclear Installations Act 1965, issued by the
Nuclear Directorate of the Health and Safety Executive (HSE). The Nuclear Directorate
has published “Safety Assessment Principles for Nuclear Facilities” [62] that applies to its
assessment of safety cases for nuclear facilities and covers nuclear safety and radioactive
waste management. We would prepare the regulatory submission required for a nuclear
site licence in a parallel stream to the preparation of the ESC. The Operational Safety
Case (OSC) represents the second key component of the DSSC. The relationships
between staged environmental permitting under EPR 2010, as shown in Figure 2.1, the
submissions to HSE for a site licence, and submissions for the planning process are
illustrated in Figure 2.3 [1].

Regulation of transport of waste to a GDF (from outside the boundaries of the nuclear
licensed site) is undertaken by the Department for Transport. We would prepare the
regulatory submission required for waste transport in a parallel stream to preparation of
the ESC. The Transport Safety Case (TSC) represents the third key component of the
DSSC.
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Figure 2.3 Indicative links between the staged environmental permitting
process under EPR 2010, nuclear site licensing, and the planning
process
Figure from the GRA [1, Figure 5.3].
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3 Our safety strategy

As stated in the GRA [1, paragraph 4.21] and set out in Section 1, the fundamental
protection objective is “...to ensure that all disposals of solid radioactive waste to facilities
on land are made in a way that protects the health and interests of people and the integrity
of the environment, at the time of disposal and in the future, inspires public confidence and
takes account of costs.” Therefore, in the context of the GRA, a safety strategy is an
approach or course of action designed to achieve and demonstrate the safety of people
and the environment both at the time of disposal and in the future. This section sets out
our safety strategy and our approach within the strategy to meeting each of the specific
technical requirements in the GRA.

Our safety strategy is developed from national and overseas experience of developing
safety assessments, our knowledge of safety cases for GDFs in other countries, working
with international (EC, NEA, IAEA) safety case groups, and lessons learned from previous
ESCs developed in the UK, e.g. for the national low-level waste repository (LLWR) near the
village of Drigg in West Cumbria [63], and for the proposed Dounreay low-level waste
disposal facility [64].

Two constraints on our safety strategy are the geological environments of the potential host
communities that come forward as part of the MRWS Site Selection Process, and the
inventory for disposal. The latter is defined in the UK Government’s 2008 MRWS White
Paper [4] as higher activity radioactive wastes that cannot be managed under the “Policy
for the Long-term Management of Solid Low Level Radioactive Waste in the United
Kingdom” [65] or are not managed under the Scottish Executive’s policy for higher activity
radioactive wastes. This ‘Baseline Inventory’ is associated with activities primarily related
to the generation of nuclear power and includes ‘legacy’ materials from existing nuclear
facilities. We also consider the implications of disposing of an ‘upper inventory’, which
includes additional wastes that might be generated in the future from a possible
programme of new nuclear power stations. The different types of material that make up the
potential inventory of higher activity radioactive waste are discussed in Section 4.1.

The UK Government sees no case for having separate disposal facilities for different types
of higher activity radioactive wastes if one facility can be developed to provide suitable,
safe containment for the Baseline Inventory. This is because the sharing of surface
facilities, access tunnels, construction support and security provision could lead to
significant benefits, including major cost savings and lower environmental impacts [4].
There is no reason why a single GDF should not be technically possible, in theory,
although the final decision would be made in the light of the latest technical and scientific
information, international best practice and site-specific environmental, safety and security
assessments at candidate sites.

Our safety strategy consists of a design and siting strategy, an assessment strategy, and a
management strategy:

o Within the site offered by a particular host community and for our preferred disposal
concept, we would use the ESC to assist in the siting, layout, operation and closure
planning of a GDF. Disposal facility design would consider the inventory we are
required to manage in a GDF, and would follow international good practice and the
GRA in providing for passive safety and using the safety functions of multiple
barriers to provide safety. Our design and siting strategy is presented in Section
3.1. We present only a high-level summary of our strategy here in mainly generic
terms; it will be developed further once we have specific candidate sites to consider.
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e Our assessment strategy follows international good practice and the requirements of
the GRA. Our assessment strategy is presented in Section 3.2. Some components
of it are still under development, and will benefit from dialogue with regulators to
better understand their expectations. Many components of our assessment strategy
have not been implemented in this generic ESC because we consider it premature
to do so until we have sufficiently detailed information from specific candidate sites
and have developed site-specific disposal concepts. However, we have
implemented those parts needed to provide confidence in our ongoing assessment
of waste packaging proposals by waste producers, to demonstrate GDF viability,
and to inform our initial desk-based assessments of candidate sites once these sites
are available.

e An overall management strategy is needed to provide confidence that we can
deliver the disposal system specification and the design and assessment strategies
in a coherent, integrated way and with appropriate quality and management
accountability over the long timescales of GDF planning and delivery. We have
developed a Safety and Environmental Management Prospectus [66] that sets out
our management strategy and safety procedures for delivering a GDF. A summary
is included in Section 3.3. The key elements of our management strategy needed
for the near future are already in place, and have, for example, influenced the
content of this generic ESC and controlled its production. However, our
management strategy will need to develop in the future to meet the needs of the
programme as it evolves (e.g. to control site characterisation and eventual GDF
construction, operation and closure).

3.1 Design and siting strategy

3.1.1 Safety concept

Concentrating and containing solid radioactive waste, and isolating it from the biosphere, is
the internationally accepted strategy for the safe long-term management of such materials.
In geological disposal, long-term containment and isolation of solid radioactive waste is
provided by its emplacement in a facility located underground in a stable geological
formation — the underground facilities and the geological environment comprise the
geological disposal system. A GDF includes surface facilities during the period in
which an environmental permit is held, to support activities such as waste receipt and
operations in the underground facilities (construction, waste emplacement, engineered
barrier emplacement) and monitoring.

A distinctive feature of geological disposal is the depth of emplacement, 200 -1,000 metres
below ground. The depth chosen for disposal in a particular facility, as well as specific
elements of its design, will depend on a number of factors including, but not limited to,
groundwater conditions, rock stability, host rock composition and the nature of the waste.

This section explains the timeframes we use to set out our considerations of safety in this
generic ESC (Section 3.1.1.1); the importance of passive safety as a design principle
(Section 3.1.1.2); and the high-level safety functions that can be provided by different
components of the geological disposal system (Section 3.1.1.3). A safety function is a
physical or chemical property or process that contributes to safety, by isolating or
containing the disposed waste. The barriers that make up the geological disposal system
may contribute to satisfying a number of different safety functions and these contributions
may be independent of one another. Our safety concept is the set of specific safety
functions provided by the natural and engineered barriers in a geological disposal system
for a specific site and design.
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3.1.1.1 Safety timeframes

In the context of demonstrating environmental safety, we identify three periods associated
with the development of a GDF:

The pre-operational period includes concept definition, site investigation and
construction of initial parts of a GDF, essentially the period defined by the MRWS
Site Selection Process. During the pre-operational period, site assessment, design
studies and environmental impact assessments will be carried out, together with the
development of those aspects of the ESC for operational environmental safety and
post-closure safety required to obtain the environmental permit to proceed with the
construction of a GDF. Sufficient construction will then be undertaken during the
pre-operational period to bring a GDF to a point at which disposal operations could
safely commence.

The operational period begins when waste is first received at the facility. From this
time, radiation exposures may occur as a result of waste management activities and
these must be controlled according to radiological protection and safety
requirements. In this period, monitoring and testing programmes will continue, and
the post-closure aspects of the ESC will be refined based on any additional data
collected. During the operational period, further construction activities will take
place at the same time as waste emplacement and, possibly, closure of parts of the
underground facilities that have been filled with waste. This period could include a
phase when disposal operations have been completed, but the underground
facilities are left open for monitoring of the performance of a GDF. The operational
period ends with the sealing and final closure of the underground facilities and the
decommissioning of the surface facilities.

The post-closure period begins at the time when waste acceptance and handling
operations are concluded, and the disposal areas and all shafts, access routes from
the surface, as well as access to the waste packages have been backfilled and
sealed. We discuss the post-closure period in this generic ESC in terms of an early
post-closure period and a late post-closure period (see Section 4.2.1 and
Appendices A, B and C). After closure, the safety of a GDF will be provided by
passive means inherent in the site and facility design and waste package
characteristics. However, active institutional controls, including some monitoring,
may continue for some time after closure, e.g. for the purpose of meeting nuclear
safeguards agreements or for the purpose of providing public reassurance.

When we use the term GDF, we generally mean both the surface and underground
facilities during the pre-operational and operational periods, but only the underground
facilities during the post-closure period.

3.1.1.2 Designing for passive safety

The design of a GDF would incorporate the principle of passive safety to the extent
possible. Passive safety can be defined slightly differently in different contexts. In the
context of environmental safety regulation and the GRA [1], passive safety means that
there is no reliance on active safety systems or human intervention to provide safety.

During the operational period, passive safety design measures (e.g. the integrity of waste
containers and the stability of wasteforms) would be relied on as much as possible, but
there would be a need to rely on some active measures, e.g. forced ventilation and filtration
systems at the discharge point. In addition, the surface facilities would require systems for
control of potentially contaminated gaseous and liquid discharges. There are international
precedents for operational safety being readily achievable in a GDF, e.g. the US Waste
Isolation Pilot Plant (WIPP), providing confidence that we can design and deliver the
required level of operational safety.
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A GDF would be designed to rely only on passive safety once the facility is closed and
sealed. Closure brings to an end the need for active management of the underground
facilities. This means no ongoing inspection and maintenance would be required in order
to assure continued safety performance. Thus, it is confidence in the passive operation of
the natural and engineered barriers that provides assurance of safety in the post-closure
period, although active controls may be maintained for some time at the surface to prevent
access and inadvertent disturbance of the underground facilities.

To build confidence in the implementation of our safety concept, our design process
currently takes account of the designs of GDFs in other countries. Building confidence in
the long-term behaviour of materials under physical, chemical and thermal conditions
similar to those that are expected in a GDF is a key focus of our R&D and engineering
programmes.

3.1.1.3 Barrier components and safety functions

Radioactive decay progressively reduces the quantities of radionuclides present in a
geological disposal system. The wastes are most hazardous in the operational and early
post-closure periods and it is at these times that the waste requires the greatest degree of
isolation and containment. As illustrated in Section 4.2.1, the characteristics of the
Baseline Inventory are such that significant decay occurs on a timescale of several
hundred years, although protection continues to be required for very much longer than that.

The conceptual basis of geological disposal has been firmly established internationally for
the last 40 years as being based upon the multi-barrier system, whereby a series of
engineered and natural barriers act in concert to isolate the wastes from the surface
environment, and to contain the radionuclides associated with the wastes. The relative
importance of the various barriers at different times after closure of a GDF and the way that
they interact with each other depend upon the design of a GDF, which depends on the
geological environment in which the facility is to be constructed, as well as the type of
waste under consideration. Consequently, the multi-barrier system can work in different
ways for different disposal concepts.

The barriers found in a typical geological disposal system are illustrated in Figure 3.1.
These are the wasteform, the waste container and overpack (where used), buffer/backfill
material, mass backfill, seals, and the host rock. The ensemble of wasteform, waste
container and overpack is referred to as a waste package. An overpack is an additional
container used for disposal of wastes that are already packaged; for example, conditioned
HLW is currently stored in stainless steel containers, and an overpack made of another
material could be used to support the longevity of the waste package and the long-term
safety of a GDF. The buffer/backfill generally refers to material placed adjacent to and
around the waste package in a GDF. Mass backfill generally refers to material used to fill
some or all of the empty space remaining in the excavated areas of a GDF, once other
engineered barriers have been emplaced.

The engineered barriers and the natural barrier provided by the geological environment
will work together to provide the necessary level of safety and ensure that undue reliance is
not placed on any one barrier. Each of the barriers will provide specific safety functions
contributing to isolation or containment over different timescales.
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Figure 3.1 Barriers found in a typical geological disposal system
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Isolation means removing the waste from people and the surface environment. Geological
disposal at depth in a suitable environment provides isolation, therefore reducing the
likelihood of inadvertent and unauthorised human interference. Disposal in a geological
environment that is suitably deep and stable over long periods also provides isolation of the
disposal facility from the impacts of climatic and other natural environmental events, and
shielding from direct radiation.

The surface environment is often referred to as the ‘biosphere’. The biosphere is generally
taken to include the atmosphere and the Earth’s surface, including the soil and surface
water bodies, seas and oceans. The depth of disposal and the characteristics of the
geological environment provide isolation of the waste from the biosphere. Long-term
isolation requires adequate sealing and closure of the underground facilities at the end of
the operational period.

By containment we mean retaining radionuclides within various parts of the multi-barrier
system for as long as required by our safety concepts. Radioactive decay will
progressively reduce the quantities of radionuclides present in the system. For many
radionuclides, disposal concepts can provide total containment until the radionuclides and
their daughters decay to insignificant levels of radioactivity within the engineered barrier
system. However, the engineered barriers in a disposal facility will degrade progressively
over time and gradually lose their ability to provide containment. Further containment is
provided by the geological barrier, which acts to delay the movement of any small amounts
of long-lived radionuclides that are released from the engineered barrier system.

Isolation differs from containment in that isolation is about situating the underground
disposal facility away from people and reducing the likelihood of inadvertent future human
intrusion, and containment is about the ability of a barrier to hold the radionuclides within it.
However, isolation also contributes to containment in that locating a GDF in a suitably deep
and stable environment protects the engineered barriers, helping them to preserve their
containment functions for longer times. In that sense, the isolation and containment
functions can be regarded as complementary.

When applied to the geological environment of a GDF, the isolation function will remain
intact as long as the waste in the underground facilities remains out of people’s way —
isolation does not represent a particular property of the geological environment. The only
naturally occurring processes that could affect isolation are large-scale tectonic processes
(e.g. rapid uplift and erosion)®, processes that are not relevant to the UK.

Isolation is an inherent feature of geological disposal. The MRWS White Paper [4]
indicates the depth at which the underground vaults and disposal tunnels will be located is
likely to be somewhere between 200 and 1,000 metres, depending on the geological and
hydrogeological characteristics at the site in question.

Location of a GDF away from known areas of underground mineral, geothermal and
groundwater resources, as considered as part of the site unsuitability screening during
Stage 2 of the MRWS Site Selection Process [4], reduces the likelihood of inadvertent
disturbance of a GDF in the future, when the location and/or purpose of the facility may
have been forgotten by society.

Containment is provided by both engineered and natural barriers. Containment within the
engineered barrier system (EBS) can be provided by means of a durable wasteform, waste
container, overpack (where used) and buffer/backfill that is compatible with the waste
package and the host rock. The system of seals that will be emplaced in disposal areas
and ventilation access points, underground tunnels for waste transport, and, finally, surface
access tunnels and/or shafts also provides containment. The geosphere (the rock and
groundwater between a GDF and the biosphere) supports containment in two ways: it can

® Such processes would obviously also affect containment.
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provide physical and chemical protection to the EBS and thereby prolong containment
within the EBS; and it can provide for an extremely slow mobility of radionuclides that are
released through the EBS in the very long term.

Note that the containment functions and properties of a barrier differ depending on the form
of the contaminant (e.g. gaseous, solid, liquid).

Once a barrier ceases to completely contain the waste, retardation processes often
continue to play an important role in limiting the release of contaminants from the barrier.
Retardation processes occur in both the engineered and natural barriers. They include
chemical and physical processes:

o Chemical processes include solubility limitation within a GDF, and sorption and
precipitation in both the engineered and natural barriers; such processes slow the
rates of release and migration of contaminants. Such processes may be promoted
in the EBS by incorporating barriers that chemically condition the environment within
a GDF.

o Physical processes include slow flow rates in both the engineered and natural
barriers, dispersion and dilution in groundwater, and matrix diffusion (movement of
dissolved species into dead-end pores in the rock) in the geosphere. For some
materials and environments, the permeability may be so low that all solute transport
is by chemical diffusion. In some geological environments, processes of dispersion,
dilution and matrix diffusion play an important role in reducing the concentrations of
GDF-derived contaminants in the biosphere to very low levels.

Most of these retardation processes can contribute significantly to the initial period of
containment provided by a barrier. Finally, we note that radioactive decay will
progressively reduce the quantities of radionuclides present in the geological disposal
system (see Section 4, Figure 4.1). There will be essentially complete containment for any
radionuclides that are not released through the barriers before the time at which they and
their daughters have decayed to negligible levels.

Both isolation and containment are especially important during the operational period and
during the early centuries after closure of the GDF when the hazard potential of the wastes
is highest. The isolation and containment capabilities of the geological disposal system
and the different barriers of which it is comprised are demonstrated through safety analysis
relevant to the waste type, the design of a GDF, and the site. An important objective of
GDF design development and safety analysis is to provide assurance that the majority of
shorter-lived radionuclides will decay in situ and that any releases of longer-lived species
will be spread over later times so as not to give rise to significant concentrations of
radionuclides in the biosphere. Much of our post-closure safety analysis work involves
evaluating the fate and impact of the relatively small amounts of radionuclides that might
eventually reach people and the surface environment, even though this may not happen
until many thousands of years into the future.

A review of multi-barrier systems for geological disposal is provided in [28, 29], and the UK
application of a set of illustrative geological disposal concept examples is discussed in
Appendices A, B and C for ILW/LLW and for HLW/SF. Further discussion of the safety
functions relevant to the illustrative geological disposal concept examples for ILW/LLW and
for HLW/SF is provided in Section 5.2.1.1 and in Appendices A, B and C and in the
Disposal System Technical Specification [23]. Our research status reports discuss in more
detail the nature of particular safety functions and their role in providing safety with regard
to different waste types and the illustrative geological disposal concept examples.

As noted above, the presence of multiple barriers and corresponding safety functions
working in concert enhances both safety and confidence in safety by ensuring that the
overall performance of the geological disposal system is not unduly dependent on a single
barrier or safety function. As a hypothetical example, a long-term safety concept for
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geological disposal is illustrated in Figure 3.2. The greatest degree of containment needs
to be provided in the first few hundreds to thousands of years, when the wastes are most
hazardous. Note that we expect to develop at least two different disposal concepts, one for
ILW/LLW and one for HLW, because of the different characteristics of these waste types.
Disposal concepts for other materials not yet declared as wastes have also been
considered, initially based on similar concepts to those for existing wastes — see

Section 3.1.3.2 and Section 4.

Figure 3.2 The extent to which safety relies on the performance of different
barriers for a hypothetical disposal concept

The engineered barriers degrade with time and gradually lose their containment
function. In this hypothetical disposal concept, the waste container is expected to
remain intact for thousands of years, the internal waste packaging materials for tens of
thousands of years, and the surrounding buffer material for hundreds of thousands of
years. The geological barrier isolates the disposal facility from the human
environment and provides a substantial degree of containment and retardation over
this entire period. The greatest degree of containment is provided in the first few
hundreds to thousands of years, when the wastes are most hazardous.
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Each barrier in a GDF design may perform a number of safety functions. These safety
functions will depend on the properties of each barrier. Examples include:

¢ the function of a waste package in providing containment of radionuclides will
depend on a number of factors, including the corrosion rate of the material of which
the container is constructed;

¢ the functions of the geological environment in limiting groundwater inflow to a GDF
and providing long groundwater travel times to the biosphere (i.e. providing
containment of radionuclides) will depend on the permeability of the disposal horizon
and the hydraulic gradient in the geologic units between a GDF and the biosphere;
and

¢ the function of the geosphere in retarding the transport of radionuclides (i.e.
contributing to containment) will depend on various geological, geochemical and
hydrogeological properties of the system.

In the long term, progressive degradation of the EBS is expected and, consequently,
radionuclides and other materials disposed of in a GDF may be released into the geological
environment where they may eventually migrate to the biosphere. The geological disposal
system will provide a combination of engineered and natural characteristics to support
efficient isolation and containment by ensuring sufficient depth of disposal, by maintaining
waste package integrity for as long as possible, by limiting the solubility of radionuclides
and the wasteform, by minimising groundwater inflow, by providing a long travel time for
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groundwater from a GDF to the biosphere, and by providing for additional retardation of
any radionuclides released from the waste package.

3.1.2 Optimisation

GRA Requirement R8: 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.

3.1.2.1 Optimisation and optioneering

Consistent with UK radiation protection legislation, the GRA [1], and the Environment
Agency’s recently published principles of optimisation in the management and disposal of
radioactive waste [67], we define optimisation as the principle of ensuring that radiation
exposures are as low as reasonably achievable (ALARA) in the given circumstances. This
is a narrower definition of the word optimisation, compared to its more general sense of a
process of finding the best decision, result or way forward in given circumstances. The
GRA recognises this distinction, and requires the developer to carry out “...options studies,
where there are choices to be made among significantly different alternatives” ([1], GRA
paragraph 6.3.54). We refer to such options studies as optioneering.

As discussed in Section 2.1, the UK Government’s policy is that the siting of a GDF in the
UK should be based on the principle of voluntary participation by potential host
communities. The UK Government, not us, will choose the site(s), in partnership with the
local community, although the choice of site(s) will consider site evaluation work conducted
by ourselves and reviewed by others, including the environmental regulators. While
radiological safety analyses will play a role in our evaluation of candidate sites, our site
evaluation work will also consider a wide range of other aspects (e.g. transport,
engineering feasibility, social impacts). We expect it to be some time before we have
sufficient understanding of candidate sites and preferred disposal concepts for radiological
assessments to be useful for underpinning optimisation decisions.

We will be conducting optioneering analyses throughout the entire lifecycle of GDF
implementation, operation and closure, including analyses to help inform UK Government
decisions on site selection. Our approach to optioneering is set out in [68]. Our ability to
inform decisions based on optimisation considerations will increase as we move through
the MRWS Site Selection Process and obtain the necessary information specific to
particular candidate sites and disposal concepts.

At the end of Stage 5, we expect to have a substantial understanding of the investigated
site(s) from information gathered during the surface-based investigations. This
understanding will support the UK Government’s selection of a preferred site, and will
enable us to select preferred disposal concepts and designs for that site. However, we will
obtain more information from the underground operations that constitute Stage 6 of the
MRWS Site Selection Process, which could have implications for the precise layout and
detailed design of a GDF. Therefore, the Stage 5 design work will recognise — for the
preferred disposal concepts — the potential for variations in depth of the underground
facilities, layout of the disposal rooms, excavation dimensions, and rock support that would
be addressed in Stage 6.

This distinction between optioneering and optimisation also reflects the fact that selection
of the most appropriate method for implementing geological disposal requires assessments
and decisions at different levels of detail. In planning how we do this, it is important to
distinguish between the assessments and decisions on geological disposal concepts to be
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carried forward at a given point in the programme, and the more detailed assessments and
decisions to identify preferred design solutions to implement such concepts.

In Stage 6 of the MRWS Site Selection Process, we expect to focus on optimisation of the
design, construction, operation, closure and post-closure management of the preferred
disposal concept for the given site and inventory in terms of overall radiological safety.
Radiological safety analyses (with appropriate uncertainty analysis) will be an important
input into refinement of the design of a GDF, based on site-specific geological,
hydrogeological and geochemical features and properties that emerge from surface-based
and underground site characterisation.

The application of the ALARA principle for the operational period of a GDF will be carried
out in conjunction with the application of the ALARP principle (As Low As Reasonably
Practicable) in the OSC. We will apply the concept of Best Available Technique, as set out
in Environment Agency guidance [67], to demonstrate that potential discharges / releases
of radioactivity to the environment are ALARA in the given circumstances.

3.1.2.2 Optimisation and optioneering considerations and constr