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Abstract

This Science and Technology Plan presents an analysis of the nature and timing of RWM'’s
future technical development activities. The document is primarily an internal document,
however publication of this document will provide opportunities for dialogue and
involvement of interested parties in the development of our knowledge base for the safe
geological disposal of radioactive waste. Feedback is welcomed, particularly in relation to
innovative approaches which may address the identified research needs and objectives.

This is a third issue of the Science and Technology Plan, containing a number of
enhancements from the previous issue.
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Executive Summary

Radioactive Waste Management Limited (RWM) is the UK Government’s nominated
implementer for delivering a geological disposal facility for the UK'’s higher activity
radioactive wastes. The purpose of this document, the ‘Science and Technology Plan’, is
to provide details of the nature and timing of our planned technical development activities.
It is intended that publication of this document will provide opportunities for dialogue and
involvement of interested parties in the development of our knowledge base for the safe
geological disposal of radioactive waste. We welcome feedback, particularly in relation to
innovative solutions to our identified research needs and objectives.

In September 2014, we published our first Science and Technology (S&T) Plan. This was
followed by a light update and re-publication in 2016. This document provides a more
significant update incorporating improvements resulting from:

e learning and feedback from internal and external stakeholders;
e feedback from our Regulators;

¢ alignment with the Geological Disposal Technical Programme (which replaces the
S&T Programme document);

e an updated ‘change control’ appendix, identifying and justifying changes to the
previously published plan, and providing an audit trail for completed tasks;

¢ new tasks, recognising the iterative development of the GDF project and out-year
planning; and

e a new numbering system for task identification with improved longevity and
traceability.

This document comprises a short discussion of the context within which this plan has been
developed and the methodology which we have used to develop the detailed analysis,
together with the detailed plan contained in the appendices to this document:

e Appendix A is a breakdown of all the topics within RWM'’s technical programme
which require research and development in this generic phase of our programme.

e Appendix B comprises a set of task sheets describing the specific research
requirements in a structured manner which provides stakeholders with clarity of the
specific research drivers, objectives and suggested scope of every task we currently
foresee to be required to appropriately address RWM'’s generic knowledge gaps.

e Appendix C documents changes to the plan between version 2 and version 3.

e Appendix D is a simple long-range graphic showing the phasing of the generic
research and development activities detailed in Appendix B, the individual tasks
identified in this graphic are hyperlinked to the relevant task sheets.

RWM is currently engaged with the process of identifying potentially suitable sites for a
GDF and willing communities. The time horizon for this S&T Plan is a decade. During this
time we will continue to transition from a generic programme to a programme of technical
work necessary to develop a GDF at a site-specific level. Throughout our analysis of
knowledge gaps and their proposed closure we have utilised Scientific Readiness Levels
(SRLs™), developed by the National Nuclear Laboratory along with Technology Readiness
Levels (TRLs) which are widely used across the NDA estate, as tools to consider the
maturity of the knowledge base as it evolves, and to consider the level of maturity required
to support each stage of the Technical Programme.

We have prioritised the schedule in line with the projected budget underpinning RWM'’s
technical programme, utilising a series of prioritisation questions and recognised drivers for
research and development.
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Having undertaken three decades of research into the geological disposal of UK wastes,
significant progress has been made. Challenges to the viability of geological disposal
concepts have been overcome (although implementation may be subject to site-specific
challenges) and the remaining key uncertainties are currently subject to large focused
research projects. Once potential candidate sites have been identified, a programme of
site investigation will be undertaken in order to reflect the real environment in the safety
case, together with research, development and demonstration studies associated with the
optimisation of the disposal system to the local geological environment. Such tasks are
identified in the Science and Technology Plan, together with the body of technical
development work required to address knowledge gaps associated with the Disposal
System Safety Case, disposal concept development and disposal system design.

Vi
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Glossary

backfill Material used to refill excavated portions of a disposal facility after waste
has been emplaced.
Backfill is a component of the engineered barrier system. Three specific types of
backfill are recognised:
- Local backfill, which is emplaced in disposal vaults to fill the free space
between and around waste packages. Depending on the host rock there may be
a requirement on the local backfill to provide a certain ratio of backfill material to
the conditioned waste volume of a waste package.
- Peripheral backfill, which is the material emplaced in the disposal vaults
between local backfill, and the rock or structure of access ways.
- Mass backfill, which is the bulk material used to backfill the areas of a GDF
that are not used for disposal of wastes.

bentonite A clay material that swells when saturated with water which is used as
a backfill and buffer material in some disposal concepts.

biosphere That part of the environment normally inhabited by living organisms.
In practice, the biosphere is generally taken to include the atmosphere and the
Earth’s surface, including the soil and surface water bodies, seas and oceans
and their sediments. There is no generally accepted definition of the depth
below the surface at which soil or sediment ceases to be part of the biosphere,
but this might typically be taken to be the depth affected by basic human
actions, in particular farming.

buffer An engineered barrier that protects the waste package and limits the
migration of radionuclides following their release from a waste package. See
also backfill.

colloid A state of subdivision of matter in which the particle size varies from that
of true ‘molecular’ solutions to that of a coarse suspension. The diameters of the
particles range between 1 and 1000 nm and the particles are dispersed in a
liquid phase and do not sediment out.

criticality A state in which a quantity of fissile material can maintain a
self-sustaining neutron chain reaction. Criticality requires that a sufficiently large
quantity of fissile material (a critical mass) be assembled into a geometry that
can sustain a chain reaction; unless both of these requirements are met, no
chain reaction can take place and the system is said to be sub-critical.

criticality safety Criticality safety is defined as protection against the
consequences of an inadvertent nuclear chain reaction, preferably by prevention
of the chain reaction

disposability The ability of a waste package to satisfy the defined requirement for
disposal.

disposability assessment The process by which proposals for the production of
waste packages are analysed for compatibility with all stages of waste
management. The outcome of a disposability assessment is an Assessment
Report, detailing the results of the analysis and providing advice on the
proposals. Where possible, the outcome includes endorsement by issue of a
Letter of Compliance.
Disposability assessments are undertaken by RWM to determine compliance
with the safety cases for disposal, currently described in the generic DSSC, and
with RWM packaging standards, as captured in Waste Package Specifications.

Xiii
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disposal concept A high level description of the engineered and natural barriers
required to ensure that the radioactivity in the wastes is sufficiently contained so
that it will not be released back to the surface in unacceptable amounts that may
cause harm to people and the environment.

disposal system specification (DSS) A document produced by RWM to set out
the high-level and technical requirements on the RWM'’s organisational
management, site selection and evaluation and GDF design, construction,
operation and closure, so that the disposal system can meet its fundamental
need.

dose A measure of the energy deposited by radiation in a target.

environmental safety The safety of people and the environment both at the time
of disposal and in the future.

evaporite One of three generic host rock types considered by RWM. Evaporites
are rocks that have formed as ancient seas and lakes evaporated. They often
contain bodies of halite that are potential host rocks for a GDF because they
provide a suitably dry environment and are weak and creep easily so that open
cracks cannot be sustained.

fissile material Material which is capable of undergoing fission by interaction with
slow neutrons, specifically U-233, U-235, Pu-239, Pu-241 or any combination of
these radionuclides.

geological barrier In the context of geological disposal this comprises the host
rock in which a disposal facility is constructed, and the surrounding rocks.

geological disposal A long-term management option involving the emplacement
of radioactive waste in an engineered underground geological disposal facility or
repository, where the geology (rock structure) provides a barrier against the
escape of radioactivity and there is no intention to retrieve the waste once the
facility is closed.

geological disposal facility (GDF) A long-term management option involving the
emplacement of radioactive waste in an engineered underground geological
disposal facility or repository, where the geology (rock structure) provides a
barrier against the escape of radioactivity and there is no intention to retrieve the
waste once the facility is closed.

geosphere The rock surrounding a GDF that is located below the depth affected
by normal human activities and is therefore not considered to be part of the
biosphere.
See also geological environment.

groundwater All water which is below the surface of the ground in the saturation
zone and in direct contact with the ground or subsoil.

groundwater flow Groundwater flows when there is a difference in hydraulic
head across the rock body in which it sits. The amount of groundwater flow
(known as the flux) is normally described by Darcy’s Law which relates it to the
differences in the imposed hydraulic head (the hydraulic gradient), the properties
of the rock (permeability) and the properties of the groundwater (which may vary
according to its composition). Groundwater may flow though pores in the rock
matrix, through discrete fractures cutting the rock, or through a combination of

” W

both. Also see "permeability”, “hydraulic head”.

high heat generating waste (HHGW) A term developed by RWM to describe all
the materials in the inventory for disposal where heat has to be taken into
account in the design of storage and disposal facilities. HHGW comprises spent

Xiv
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fuel from existing and future power stations, and High Level Waste from spent
fuel reprocessing

high level waste (HLW) Waste in which the temperature may rise significantly as
a result of their radioactivity, so this factor has to be taken into account in the
design of storage or disposal facilities. HLW is produced as a by-product from
reprocessing spent fuel from nuclear reactors. HLW typically occurs in liquid form
and a process called ‘vitrification’ converts the liquid HLW into a solid product.

higher activity waste (HAW) Includes the following categories of radioactive
waste: high level waste, intermediate level waste, a small fraction of low level
waste with a concentration of specific radionuclides sufficient
to prevent its disposal as low level waste.

higher strength rock (HSR) One of three generic host rock types considered by
RWM. Higher strength rocks, which may be igneous, metamorphic or older
sedimentary rocks, have a low matrix porosity and low permeability, with the
majority of any groundwater movement confined to fractures within the rock
mass.
Typically crystalline igneous and metamorphic rocks or geologically older
sedimentary rocks where any fluid movement is predominantly through
discontinuities.

highly enriched uranium (HEU) Uranium containing 20\% or more by mass of
the isotope U-235.

host rock The rock in which a disposal facility is located.

intermediate level waste (ILW) Wastes exceeding the upper boundaries for LLW,
but which do not need heat to be taken into account in the design of storage or
disposal facilities.

low heat generating waste (LHGW) A term developed by RWM to describe
materials in the inventory for disposal which do not generate sufficient heat for
this to be taken into account in the design of storage and disposal facilities.
LHGW comprises intermediate Level Waste arising from operating and
decommissioning of reactors and other nuclear facilities, together with a small
amount of Low Level Waste unsuitable for near surface disposal, and stocks of
depleted, natural and low-enriched uranium.

Low Level Waste Repository (LLWR) The UK national facility for the near
surface disposal of solid LLW, located near to the village of Drigg in Cumbria.

lower strength sedimentary rock (LSSR) One of three generic host rock types
considered by RWM. Lower strength sedimentary rocks are fine-grained,
sedimentary rocks with a high content of clay minerals that provides their low
permeability and are mechanically weak, so that open fractures cannot be
sustained. They will be interlayered with other sedimentary rock types. Also see
"mudrocks: clays and mudstones”.

Natura 2000 An ecological network of protected areas within the European Union.
The network consists of Special Protection Areas (SPAs) and Special Areas of
Conservation (SACs).

Nirex (United Kingdom Nirex Limited) Nirex was a United Kingdom body set up
in 1982 by the UK nuclear industry to examine safe, environmental and
economic aspects of deep geological disposal of intermediate-level and low-level
radioactive waste. Originally known as the Nuclear Industry Radioactive Waste
Executive, it became incorporated as United Kingdom Nirex Limited on 2nd July
1985. The ownership of Nirex was transferred from the nuclear industry to the
UK Government departments DEFRA and DTI in April 2005, and then to the
UK’s Nuclear Decommissioning Authority (NDA) in November 2006. Nirex’s staff
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and functions were integrated into the NDA in April 2007, at which point Nirex
ceased trading as a separate entity. Nirex’s role continued through the activities
of the Radioactive Waste Management Directorate of the NDA.

Office for Nuclear Regulation (ONR) ONR is a Public Corporation. It maintains
and improves safety standards for work with ionising radiation at licensed
nuclear installations in the UK. It sets national regulatory standards and helps
develop international nuclear safety standards. Through its licensing powers it
assesses safety cases and inspects sites for licence compliance. ONR sets out
in conditions attached to a nuclear site licence the general safety requirements
to deal with the risks on a nuclear site.

operational period (of a disposal facility) The period during which a disposal
facility is used for its intended purpose, up until closure.

Performance Assessment (PA) Assessment of the performance of a system or
sub-system and its implications for protection and safety at an authorised facility.

post-closure period (of a disposal facility) The period following sealing and
closure of a facility.

radioactive waste A substance or article will be a waste if it falls within the
definition of “waste” in Schedule 23 to The Environmental Permitting (England
and Wales) Regulations 2010 in England or Wales, or section 47 of the
Radioactive Substances Act 1993 in Northern Ireland.

retrievability Retrievability is the ability in principle to recover waste or entire
waste packages once they have been emplaced in a repository; retrieval is the
concrete action of removal of the waste. Retrievability implies making provisions
in order to allow retrieval should it be required.

safety case A collection of arguments and evidence in support of the safety of a
facility or activity. This will normally include the findings of a safety assessment
and a statement of confidence in these findings. For a GDF, there will be a
number of safety cases required covering nuclear safety, environmental safety,
and transport. A safety case may also relate to a given stage of development
(e.g. site investigations, commissioning, operations, closure, post-closure, etc.).

spent fuel (SF) Nuclear fuel removed from a reactor following irradiation that is
no longer usable in its present form because of depletion of fissile material,
poison build-up or radiation damage.

stakeholders People or organisations, having a particular knowledge of, interest
in, or who are affected by, radioactive waste, examples being the waste
producers and owners, waste regulators, non-Governmental organisations and
local communities and authorities.

total system model A model that captures all significant aspects of a geological
disposal system, including representing the uncertainties, in order to calculate
overall system performance

transport container A reusable container into which waste packages are placed
for transport, the whole assembly then being referred to as a transport package.

transport regulations The IAEA Regulations for the Safe Transport of
Radioactive Material and/or those regulations as transposed into an EU
Directive, and in turn into regulations that apply within the UK. The generic term
‘Transport Regulations’ can refer to any or all of these, since the essential
wording is identical in all cases.

UK Radioactive Waste Inventory (UKRWI) A compilation of data on UK
radioactive waste holdings, produced about every three years. It is sponsored by
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the Department for Business, Energy and Industrial Strategy and the Nuclear
Decommissioning Authority.

Waste Acceptance Criteria (WAC) Quantitative and/or qualitative criteria,
specified by the operator of a disposal facility and approved by the regulator, for
solid radioactive waste to be accepted for disposal.

waste container The vessel into which a wasteform manufactured from certain
waste types (i.e. LHGW) is placed to form a waste package suitable for
handling, transport, storage and disposal.

waste package The product of waste conditioning that includes the wasteform
and any container(s) and internal barriers (e.g. absorbing materials and liner), as
prepared in accordance with requirements for handling, transport, storage and/or
disposal.

See "Waste Packages” section for individual waste packages.

wasteform The waste in the physical and chemical form in which it will be
disposed of, including any conditioning media and container furniture (i.e.
in-drum mixing devices, dewatering tubes etc) but not including the waste
container itself or any added inactive capping material.
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1 Introduction

1.1 Background

Radioactive Waste Management (RWM) is responsible for implementing geological
disposal for the long-term management of higher activity radioactive waste. This policy is
set out in Implementing Geological Disposal - Working with Communities [1], in England
and Geological Disposal of Higher Activity Radioactive Waste: Working with Communities
[2], in Wales'2

As the delivery organisation for a GDF, RWM is responsible for planning and carrying out
an appropriate programme of research and development in order to address safety-related
knowledge gaps, progress design development and build technical capability to de-risk
future activities. In September 2014, we published our first Science and Technology (S&T)
Plan. This was followed by a light update and re-publication in 2016. This document
provides a more significant update incorporating:

e Learning and feedback from internal and external stakeholders;
e Feedback from our regulators;

¢ Alignment with the Geological Disposal Technical Programme (which supersedes
the S&T Programme document [3]);

e A‘change log’, Appendix C, identifying and justifying changes to the previously
published plan and providing an audit trail for completed tasks;

¢ New tasks, recognising the iterative development of the GDF project, together with
early site-specific research and development activities and associated capability
building;

e A new numbering system for task identification to improve longevity and traceability;
¢ |Integration with RWM'’s improved programme planning framework.

The S&T Plan is structured as follows:

Section 1: This introduction, setting the context of the S&T Plan.

Section 2: A statement of the purpose of this document and identification of how it is
intended to enable our stakeholders to better understand our Science and Technology
research and development needs.

Section 3: A review of the current status of our knowledge base, including its key
documents, and the mechanisms for identifying the needs for, and mechanisms for delivery
of, work which enhances our knowledge base.

Section 4: An explanation of the approach evaluation of the scientific maturity of our
understanding now and at key points in the future using Scientific Readiness Levels
(SRLs™)3,

Section 5: A description of the two key components of the S&T Plan, presented as
appendices to this document: Appendix B contains task sheets formatted in a consistent
and user-friendly manner and Appendix C summarises the scheduling of these tasks in a
long-range graphic.

Scottish Government policy is that the long-term management of higher activity radioactive
waste should be in near-surface facilities. Facilities should be located as near to the sites
where the waste is produced as possible.

Future policy decisions in relation to geological disposal in Northern Ireland are a matter for
the Northern Ireland Executive.

SRL is a registered trademark of the National Nuclear Laboratory Ltd.

1
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Section 6: An initial consideration of how the generic work presented in this document will
interface with site-specific research and development activities once a potential candidate
site has been identified.

Section 7: A short summary of the process used to develop and review the S&T Plan.
Section 8: An invitation to readers to provide feedback on this document.

This is a periodic review the S&T Plan and changes to our previous plans have been made
transparent in the ‘change log’, Appendix C.

At the time of publication RWM is involved in informal discussions with a number of
potentially interested parties as set out in the ‘Working with Communities’ policy
frameworks. In planning we have needed to make a series of assumptions about the
timing of the formation of Community Partnerships, progression of non-intrusive (seismic
reflection and geophysical) surveys and intrusive borehole investigations. In this early
stage of planning our development of the S&T Plan has been informed ‘top-down’ by our
understanding of when research needs, technical development and capability building
need to have been completed in order to deliver the programme. Understanding of these
drivers has been combined with our understanding of existing knowledge gaps in the
generic (non-site-specific) safety case, which was based on a series of illustrative designs
developed from existing overseas GDF designs, and our understanding of possible
alternative disposal concepts that could be implemented dependent upon the geological
environments available to RWM. On this basis, our technical experts have started to
identify the research and development activities required to deliver RWM’s high level
objectives. These are the activities identified in this Science & Technology Plan.

This Science & Technology Plan therefore comprises a mixture of generic activities
required to close out previously identified generic knowledge gaps, together with our initial
understanding of initial activities that will be required once specific locations are being
investigated. In transitioning to a site-specific programme it is useful to consider the broad
host-rock definitions adopted by RWM: HSR, LSSR or Evaporite Rock (EVR) — specifically
in the UK GDF context, halite. These host rock environments may be accompanied by a
range of cover rocks which can also provide effective barriers to the migration of
radionuclides and other contaminants.

It should be emphasised that our detailed plans will develop as GDF siting progresses, it is
however considered valuable to share our understanding of research and development
needs at this time with our regulators, industry, academia, international sister organisations
and other interested parties. The various work areas presented have been developed by
the individual subject matter experts in RWM in discussion with colleagues and
stakeholders.

Figure 1 is a summary of the various planning levels RWM is currently developing and
integrating; these range from the Board-level strategic plans at Level 1 through to the
detailed tactical plans at Level 5. This S&T Plan provides our current best understanding
of those research and development activities required at Level 5 of this hierarchy over the
forthcoming decade. We recognise this picture is incomplete and a number of review
activities are scheduled in the future, when we aim to have less uncertainty in the
geological environment, in order to improve our Level 5 plans. Additionally, each task
identified in Appendix B includes a field which states which of our generic geological
environments the task is applicable to (Higher Strength Rock, Lower Strength Sedimentary
Rock and Evaporite Rock). Hence, as the GDF Siting process progresses the site-specific
geology will significantly influence the forward direction of research and development,
enabling RWM to de-prioritise activities which are no longer relevant to our programme
and address new knowledge gaps as they are identified.
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Figure 1 Planning Levels in RWM

Level 1 - Sponsor level: Comprises high-level milestones spanning all parts of the entire
programme (many years / decades). The purpose is to provide a very high, long-term and
strategic summary view of the GDF Programme to enable strategic decision making. Circa
20-50 activities / milestones:

« Recommendations to Government

« Decisions by Government

« Granting of permissions and consents

Level 2 - Executive Control level: Provides medium to long-term summary view to enable
Executives to control the direction of the programme to make strategic and tactical decisions.
Circa 100-200 activities / milestones:

« Start of intrusive site investigations / submission of permit applications

« End of site characterisation cycle - i.e. Site Descriptive Model available

« Start of design and safety case iteration - i.e. System Requirements available

« Start of construction

Level 3 - Programme level: Supports Programme Board decision making. L3 milestones should
be able to tell the Company what to do - and will drive lower level milestones. It answers the
‘What and Why’ questions. Circa 2,000 activities / milestones - Updated monthly:

« Key contract milestones as defined by value / complexity

« Delivery of safety cases at various levels of maturity

« Input of inventory updates to system requirements

Level 4 - Coordination level: Overview of the schedules which will be placed at Sub-programme
level. The purpose is to provide detailed planning. It answers the ‘How’ questions. Circa 5,000
activities / milestones - Reviewed monthly. Typically covers around 5-10 years.

« Key contract milestones

« High-profile events

« Key interdependent activities

Level 5 - Project Execution level: Key working level. Planning detail for all of project or part of
project depending on complexity, enabling effective management of the project. Large volume
(Circa 20,000 or more) of activities / milestones which are underpinned by the contractor / supplier
schedule.

« Sufficiently detailed as to identify interfaces between tasks

« Contractors’ schedules will feed Into this level

A0001-01-RWM
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2 Purpose of this Document

This document has been developed in order to present RWM'’s current understanding of
the nature and timing of future research and development activities. It is primarily an
internal document used to plan and agree our work priorities. It is however intended that
publication of the 2020 Science & Technology Plan will continue to provide opportunities
for dialogue and involvement of dialogue and involvement of those with an interest in the
development of our knowledge base for the safe geological disposal of radioactive waste.

The uses of the S&T Plan are many; in the following list, in no particular order, the benefits
are listed by stakeholder:

¢  RWM. The benefits to RWM are:

o Improved linkages between the need for underpinning research and technical
capability development, and the scope of work being carried out, will drive
improved clarity of the end-users’ requirements and hence deliver improved
value for money. In developing detailed plans to deliver the GDF, the detail
contained herein will improve the clarity of what needs to be done and why.

o Improved clarity in RWM'’s research and development needs is likely to lead to
further economic efficiencies in the tendering of work (e.g. by tendering a bundle
of related activities under a solution-based contract) and will also assist in
internal technical resource planning.

o Improved clarity of the specific research needs and objectives of each project in
a more structured manner will not only foster better targeted activities, but it will
better enable improved knowledge capture via our internal processes following
the completion of research. In a multi-generation project such effective
knowledge capture is vital and is undertaken via RWM'’s knowledge base
‘change control’ process which provides a highly structured approach to the
capture of data and understanding of features, events and processes of
relevance to our environmental safety case. Research needs in our Operational
Safety Case are captured via Forward Action Plans.

o The high degree of definition in this document will also provide improved clarity
in the scheduling of particular activities, including the rationale for the deferral of
specific tasks, should prioritisation be required.

o Improved transparency and facilitation of dialogue with all stakeholders (see
below) is of great value in providing confidence in the robustness of our plans.

e Academia. RWM operates a needs-driven technical research and development
programme in that we commission work targeted at specific needs through our
supply chain, where appropriate including academic input. We have previously
collaborated with UK Research and Innovation (and its predecessors) and directly
with academic institutions in order to build UK skills and capability in this area of
strategic national importance. RWM’s remit includes supporting the development of
the UK’s geological disposal skills base; while we are already supporting many PhD
students, Post-Doctoral Research Assistants (PDRAs) and young academics; we
believe the better engagement that will be facilitated through greater clarity of our
research needs will enhance this capability. Our recently launched Research
Support Office, based at the University of Manchester, and in collaboration with the
University of Sheffield, will benefit from the enhanced clarity of RWM’s research
needs. While the industrial supply chain will always play an important role in the
development of our technical development skills base, we recognise there are many
areas where universities, often utilising the UK’s world-leading facilities, can support
our programme. The Research Support Office will support the coordination of
academic R&D to foster greater engagement and collaboration between academic
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institutions and RWM. It is intended that RWM'’s engagement with the academic
community in this way will lead to improved focus, better use of national (tax-payer)
funding, opportunities for co-funded research and more opportunities for
cutting-edge technical input to our programme. The universities should benefit by
developing research proposals focussed on our broad needs and objectives, with a
higher likelihood of making a significant impact on the national challenge of
radioactive waste disposal. As such, they are more likely to attract UK Research
and Innovation and/or RWM funding.

e Potential host communities and other interested parties. As the GDF siting
process develops RWM will seek to engage with Interested Parties, Working Groups
and Community Partnerships. Under this engagement we will listen to concerns and
where specific scientific and technical concerns are apparent this document may
support discussions. Anybody is able to raise issues with us via our website
www.nda.gov.uk/RWM . A number of issues have already been raised in relation to
the science and technology of geological disposal and have been addressed
through our technical work programme. The detailed description of our research
needs, objectives and potential scope in the S&T Plan supports the facilitation of
dialogue with issue raisers.

e Regulators. Our regulators, the ONR, the EA and Natural Resources Wales
(Cyfoeth Naturiol Cymru), require appropriate safety-related research activities to be
undertaken in support of our evolving safety case. Improved clarity of our
longer-term plans for enlarging our knowledge base, particularly as the GDF siting
process progresses, will enable early discussion with our regulators and improved
focus in any areas of potential concern to them.

¢ International Waste Management Organisations (WMOs). Sharing our previous
Science and Technology Plans has facilitated co-funding and collaboration with our
‘sister’ WMOs. We will continue to seek such collaborative opportunities.

e Supply chain. Visibility of our longer term research and development activities will
provide our supply chain with improved visibility of our market and hence will enable
them to recruit and resource plan more effectively.

e NDA and the Committee on Radioactive Waste Management (CoRWM). It is
intended that by increasing the clarity of our planned research and development
through this document we will provide reassurance and facilitate dialogue with the
Government’'s Committee on Radioactive Waste Management, who provide
independent scrutiny.

¢ Nuclear Innovation Research Advisory Board (NIRAB). By identifying clear
research needs and objectives we will support NIRAB’s objective of fostering greater
cooperation and coordination across the nuclear landscape.

2.1 How to Use this Document

From our experience of using this document within RWM, it is recommended that the
long-range graphic contained in Appendix D is used as the entry point to the programme. It
contains concise, but self-explanatory, task titles and is structured by technical work area.
Having identified tasks of interest in the graphic (and their task number) further details can
be obtained by identifying the corresponding task sheet, using its unique number, in
Appendix B.

The electronic version of this report contains hyperlinks from each task sheet to the
relevant long-range graphic, and from each line on the graphic to the specific task sheet,
to facilitate ease of use.


http://www.nda.gov.uk/RWM

NDA/RWM/167

3 Development of Our Knowledge Base
3.1 The GDF Programme

RWM is currently engaged with the process of identifying potentially suitable sites for a
GDF and willing communities. The time horizon for this S&T Plan is a decade. During this
time we will continue to transition from a generic programme to a programme of technical
work necessary to develop a GDF at a site-specific level. This will include the technical
work required to support GDF design development and to gain the required permissions.

The implementation timescale of the GDF programme is dependent partly on the
consent-based approach to siting, but also the need to undertake comprehensive technical
investigations and obtain relevant permissions. Indicative timescales for planning purposes
of the key activities in the GDF programme are shown in Figure 2.

Figure 2 GDF Development Programme - Key Activities
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3.2 Geological Disposal Technical Programme

Underpinning the GDF Technical Programme is one of the main workstreams which
underpin GDF delivery.

Delivery of the Technical Programme is a requirements-driven process and research needs
are identified through iterations of RWM'’s specification, design, assessments and R&D
work. This ‘iterative development process’ is illustrated in Figure 3. Broadly speaking,
these requirements can be grouped into three types of inputs:

e The waste and waste packages that require disposal, i.e. the ’inventory’ [4].
e Applicable regulatory requirements and permissions.
e Stakeholder requirements.
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Figure 3 RWM’s Iterative Development Process for the Development of the
Disposal System
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The Technical Programme is divided into ‘Tranches’ that are aligned to key step changes in
the siting process for the GDF.

Tranches 1 and 2 align with the early stages of the GDF siting process, where discussions
will take place with communities on the potential locations for siting a GDF in their area.
For planning purposes, it is assumed that there will be several communities in discussions
with RWM, but without a clearly defined site at this stage.

For planning purposes it is assumed that the transition from Tranche 2 to Tranche 3 is
marked by a down-selection to two sites that are agreed by Government for borehole
investigations. Information gathering in Tranches 1 and 2 is initially limited to information
that is already available, for example from RWM'’s National Geological Screening Guidance
[5]. Surface-based geophysical investigations towards the end of Tranche 2 could provide
more information on thicknesses, depth and structure of the rocks at the proposed sites,
dependent on the geology of the specific sites.

In addition, to support provision of advice to RWM’s stakeholders (e.g. NDA Strategy and
Government) and to underpin the provision of waste packaging advice to waste producers,
it is assumed that the generic safety case is maintained until the agreement of the final site
for the GDF.

Contactors are used to support project delivery via either task based*, solution based® or
integrated project based® contracts. Recognising the cross-cutting nature of many of the
knowledge gaps, and the associated requirement for horizontal integration across the
organisation and our contractors, we have established a series of ‘integrated project
teams’ (IPTs). Previous IPTs (now complete) have included:

Addressing a specific knowledge gap.
Addressing a broader challenge to our understanding.

A larger, collaborative team approach; pooling the capabilities of our supply chain and
internal experts.
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¢ The influence of heat generated from certain radioactive wastes and materials on
engineered barrier systems for the range of generic disposal concepts being
considered by RWM, and the development of packaging solutions for these wastes /
materials that take account of any thermal constraints (the ‘high-heat generating
wastes IPT’).

¢ A holistic approach to management of the UK’s carbon-14 containing wastes (the
‘carbon-14 IPT).

¢ The disposability and associated full lifecycle implications of managing the UK
inventory of DNLEU through geological disposal (the ‘uranium IPT’).

¢ The development of disposal concept options to support decisions on concept
selection, and identification of associated information needs (the ‘concept
development IPT’).

Existing and planned IPTs include:

¢ An integrated project to develop backfill materials for the range of geological
environments (the ‘Backfill IPT’ [6]). This project aims to develop backfill solutions
as part of the engineered barrier system for each of the geological environments to
an appropriate level to support decision making as part of GDF development at
each stage of the siting process.

e Development of safety case claims, arguments and evidence for non-radiological
pollutants related to the UKRWI’ and the UK GDF. This IPT will bring together
ongoing and preceding work within an overall framework, identify knowledge gaps in
the current programme of work, and undertake and deliver studies to ensure RWM'’s
position on non-radiological pollutants meets regulatory requirements. IPT partners
will work together to integrate evolving understanding from current and pre-existing
projects to develop a holistic approach to the management of non-radiological
pollutants in the disposal system.

e An integrated project comprising desk and laboratory studies which will enable
confirmation (or otherwise) of the disposability of proposed wasteforms for plutonium
residues, should this be required.

e An integrated project to develop plugs and seals for disposal vaults, tunnels and
shafts. This project aims to develop plug/sealing solutions for candidate geological
environments.

3.3 Current Position
3.3.1 Status of Current Technical Programme Activities

Having undertaken over three decades of research into the geological disposal radioactive
wastes, there is strong international consensus that geological disposal is the appropriate
route for long term management. The Organisation for Economic Co-operation and
Development: Nuclear Energy Agency (OECD NEA) state that ‘Geological disposal is
technically feasible; it can be made safe for current and future generations; there are no
credible alternatives to geological disposal; and, whatever further technical advances may
be gained, the need for geological disposal of some classes of waste will persist’ [7].

There is a good understanding of the features, events and processes impacting on the
safety functions of the GDF. Once potential candidate sites have been identified a

7 The UKRWI details the wastes destined for the UK GDF — it includes radiological and
non-radiological waste components, including container material, encapsulants, metals,
organic materials, polymers, etc. — some of these components are also non-radiological
pollutants, or form non-radiological pollutants on degradation.

9
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programme of site investigation will be undertaken to ensure that the sites’ characteristics
are within the bounding assumptions underpinned by the generic research programme,
together with research and development studies associated with the development and
optimisation of the disposal system to the local geological environment.

RWM currently deploys a balanced programme of activities including laboratory-based
studies, modelling at the process and component level?, natural / archaeological analogue
studies and larger scale experiments and demonstration studies, including those deployed
in overseas Underground Research Laboratories. This enables us to undertake a
comprehensive technical development programme which explores the mechanistic
understanding of physical, chemical and biological processes governing the performance
of the future GDF, together with activities that investigate whether this understanding can
be up-scaled to the real environment. Work is also undertaken to investigate the social
science aspects of planning and implementing effective public engagement, so as to build
confidence in RWM'’s capabilities to deliver a safe long-term solution to the management
and disposal of higher activity radioactive wastes.

Process model: This type of model is typically very detailed and potentially very complex. It
is focused on a specific technical area to provide underlying calculations or arguments that
will support the component or total system model or the safety arguments directly. A
bottom-up approach is taken to its development. Uncertainty is addressed by considering
alternative assumptions.

Component model: This is a collection of process models that uses multidisciplinary
information to calculate particular parameters that are used in the Total System Model. It sits
in the middle of our modelling hierarchy (the Total System Model being the highest level);
elements of both a top-down and bottom-up approach may be used in its development.
Some representation of uncertainty is usually required.

10
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4 Assessment and Comparison of Scientific Maturity

The concept of Technology Readiness Levels (TRLs) is widely used across the NDA estate
[8] and elsewhere [9], [10] , and has been successfully applied to process wiring diagrams
in the NDA estate.

Figure 4 Schematic Representation of the TRL Scale

TRL System

9 Actual system operated
over the full range of
expected conditions

8 Actual system completed and
qualified through test and

demonstration.

7 Full-scale, similar (prototypical)
system demonstrated in relevant

environment

6 Engineering/pilot-scale, similar
(prototypical) system validation

in relevant environment

5 Laboratory scale, similar
system validation in relevant

environment

4 Component and/or system
validation in laboratory

environment

Analytical and experimental critical
3 function and/or characteristic proof of

concept

2 Technology concept and/or application
formulated

‘I / Basic principles observed and reported \
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TRLs have proven useful in evaluating GDF design activities. However, for the purposes of
calibrating the scientific maturity of underpinning science TRLs have proven intractable. A
survey of possible alternatives was undertaken in support of RWM’s 2014 S&T Plan,
together with consideration of a novel system and modification of the TRL scale. However,
the most promising tool identified was developed by the UK National Nuclear Laboratory
(NNL) and utilises SRLs™; the definitions are shown in Figure 5. It should be noted that
the term ‘SRL’ has also been used to denote System Readiness Levels, however, since
the term ‘SRL™’ has been registered as a trademark; RWM will continue to use this
terminology.

SRLs™ are similar in organisation to the TRLs and complement their assessment of the
‘deployability’ of technology with their assessment of the scientific robustness of
understanding of the underlying science [11]. In the case of TRLs a successful
implementation of a new technology needs a high TRL. However, SRLs™ are an indication
of basic mechanistic understanding, and the SRL™ required is a function of the specific
need; it is therefore not necessary to achieve an SRL™ of 6 for all applications. A low
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Figure 5 Schematic Representation of the Scientific Readiness Level (SRL™)
Scale

Scientific Readiness Levels
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SRL™ may be an appropriate end-point where a parameter can be shown at to be of low
consequence for safety and that no ‘cliff-edges’ exist in its importance.

NNL developed Scientific Readiness Levels™ as a means of identifying and illustrating the
value associated with scientific / technical debate and they have been utilised by RWM in
this spirit; as a tool to prompt internal discussion over the current maturity of specific areas
of underpinning science and of the likely scientific maturity that would result from planned
research activities. The definitions of the SRLs™ that have been developed by NNL have
broad applicability. The levels represent a logical progression through different stages of
the maturity of the scientific / technical arguments that underpin system performance or
prediction of complex technological phenomena. The value of utilising SRLs™ is threefold:

¢ In the consistent assessment of scientific maturity and in the consistent comparison
of maturity between different areas within our technical programme. In this way
appropriate effort can be channelled to the development of the science underpinning
less mature alternative disposal concepts to bring them to an appropriate scientific
readiness to facilitate future concept selection, i.e. to close the gap between the
current SRL™ and that required to make a decision.

¢ In providing a structure to enable the planned systematic development of
understanding, coupled with the reduction in uncertainty in our knowledge base
where it is leading to unhelpful over-conservatisms.

While the concept of a stepwise increase in SRL™ could portray an idealistic scenario we
do recognise that science and technology development does not always progress in a
stepwise manner. Therefore it is likely, considering the breadth of our research activities,
that progress will not be as anticipated in all areas. Nevertheless, the use of SRLs™ is
enabling us to calibrate progress in a critical and structured manner.

12
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Robustness and Monitoring of SRL™ Development SRL™ attribution: Following
the identification of a research need, end-user agreement is sought in order to provide
a first level of governance in that the end-user supports the deployment of effort and
funding to address the task. New tasks are periodically compiled into a revised S&T
Plan; during its development the Head of Environment and Sustainability reviews every
task sheet for SRL™ consistency.

13
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5 Description of Science and Technology Plan Contents
5.1 Task Descriptions and the Long-range Graphic

The Technical Programme is organised according to RWM’s Technical WBS. The WBS has
been used to structure the tasks within this S&T Plan. The WBS is shown schematically in
Appendix A. Under each WBS element we have developed the knowledge gaps into
specific tasks and have used a structured approach to clarify the specific research needs
and objectives associated with each task, together with other parameters useful in
scheduling the task. The following headings, utilised on the task sheets, are annotated
here:

Task number

A unique identifier has been attributed to each task, enabling the cross-walk between the
task sheets shown in Appendix B and the long-range graphic shown in Appendix D.

WBS descriptors

As shown in Appendix A.

Short Title

A brief description of the scope which is also used in the long-range graphic (Appendix D).

Background (How important or significant is this topic area? How urgent is the
task?)

A brief summary of background information is presented in the task sheets in Appendix B
in order to provide the context for the task. Note that in successive tasks in the same WBS
element some of this text is repeated, however the concept of self-contained task sheets
was considered beneficial to end-users and stakeholders.

Research Driver (What is our ‘knowledge gap? What is the driver for the R&D?)

This provides a clear link from the knowledge gap to the RWM strategic business case
based on, e.g. design concept development, disposal system specification, or
assessments (the safety case, waste package disposability or environment & sustainability
assessments).

Research Objective (What do we need to know?)

A clear statement of the required outcome(s) from the task which will increase our
knowledge with respect to the specific research need.

Scope (What do we need to do to fill the knowledge gap?)

Where appropriate, a scope has been developed although, since a primary objective of the
plan is to encourage innovation and dialogue with academia and our supply chain, in many
cases the scope has been left deliberately brief.

SRL™/TRL at Task Start and SRL™/TRL at Task End
See Section 4 for a discussion of SRLs™ and TRLs.

A Target SRL™ has also been included where possible in order to convey our current
understanding of the level of understanding likely to be required.

Output
The nature of the output of a task, whether a report, model, etc.
Geology application

The applicability of the activity with respect to the three illustrative geological environments:
Higher Strength Rock, Lower Strength Sedimentary Rock and Evaporite Rock.
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Further Information
Any other relevant text, references or suggestions for collaboration.

Addressing the question of How long will it take? is dealt with in the long-range graphic
(Appendix D), together with the question of what the linkage is between related tasks. The
graphic shows the estimated time needed to complete the work and shows linkages
between the tasks.

Based on Figure 6, an estimate of the relative cost is also presented.

Table 1: Parametric cost estimation matrix (redacted)
used to develop a crude cost profile for internal use.

Complexity
Scope - -
Simple Moderate Challenging
Archiving /storage A1 A2 A3
Desk study / review | B1 B2 B3
Computational C1 C2 C3
study
Inactive laboratory D1 D2 D3
based research /
analogue study
Active laboratory E1 E2 E3
based research
Hot-cell based re- F1 F2 F3
search
Large scale / URL G1 G2 G3
experimental project
5.2 Planning and Prioritisation of the Technical Programme

There are six key drivers that underpin the Technical Programme. These are:

1. Develop and maintain geological disposal concepts to underpin packaging advice
and provide a basis for siting and development of a GDF.

2. Improve our capability to provide expert advice to NDA and Government on
radioactive waste management strategies.

3. Improve our capability to provide packaging advice and support the prioritised
programme of disposability assessments.

4. Improve confidence in the feasibility of the geological disposal system and our
understanding of it.

5. Develop and test our capability to support site evaluation/community engagement
and deliver inputs.

6. Develop and test our capability to develop site specific designs and safety cases
based on site data and apply for environmental permits and DCOs.

In developing the overall Technical Programme, the high level activities required during
each ‘Tranche’ for each element of the WBS were defined. Further detail was then
developed to understand the near-term activities that the Technical Programme would
deliver within the Tranche. Finally, to support business planning and the scheduling of
work at a greater level of granularity, a set of questions are used to assign priority to
individual tasks. This process supports project planning and provides a structured
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approach to decision making in the event of constrained funding and the need to defer
work. A flow diagram to illustrate this structured approach is shown in Figure 6.

Figure 6 Structured approach to prioritisation of the Technical Programme.

Is the work justified on the basis of the key drivers in support of the timely and cost effective
delivery of the GDF:

1. Develop and maintain geological disposal concepts to underpin packaging advice and provide a

basis for siting and development of a GDF

2. Improve our capability to provide expert advice to NDA and government on radioactive waste

management strategies

3. Improve our capability to provide packaging advice and support prioritised programmes of

disposability assessments

No

—

4. Improve confidence in the feasibility of the geological disposal system and our understanding of it

5. Develop and test our capability to support Site Evaluation/community engagement and deliver inputs

6. Develop and test our capability to develop site specific designs and safety cases based on site
data and apply for environmental permits & DCOs

(1) Is the work needed to support the GDF
siting process?

(2) Is the work needed to inform key waste
packaging decisions?

(3) Is the work needed to inform NDA/
governmental decisions?

(4) Does the work address a knowledge gap
identified in the evidence base to support key
safety case claims and arguments

(5) Does the work address a key stakeholder/
regulatory concern?

(6) Does this work have a long lead time that
could adversely impact the critical path, e.g. site
characterisation/first waste emplacement?

(7) Does the expenditure support the Nuclear

(12) Does the work support a collaborative
opportunity leading to positive economic
gearing?

(13) Does this work have a long lead time

that could challenge the flexibility of the
programme?

(14) Is this work needed to maintain/develop
key skills and capabilities?

(15) Is there a value for money argument to
conduct the work now rather than later?

(19) Does deferring the work simplify the specified
work without challenging the critical path?

(20) There is a well established knowledge
base and the benefits of the proposed work are
unlikely to add significantly to the key driver
(deferral may be supported by a watching brief)

l Yes

Sector Deal or other government estate benefit
(e.g. MoD)?

(8) Does the expenditure provide necessary
enabling/capacity building for another piece of
Priority 1 work?

(9) Is the understanding at a low SRL or TRL
such that the associated uncertainty poses a
risk to the critical path (as the scale of required
work is unknown)?

(10) Does the work address a high-impact risk
in the risk register?

(11) Is the task already contracted commercially
such that reputational damage to RWM would be
incurred and/or prior work would be nugatory?

No

(16) Does the work utilise facilities and/or
samples that are currently available, but which
may no longer be available in the future?

(17) Is there an opportunity to conduct

the work in such a manner as to achieve
international consensus and reinforce NDA' s
international strategy?

Yes

—

(18) Is there a significant opportunity to increase
impact and enhance stakeholder acceptance by
publication in a peer reviewed journal

No

(21) Would it provide better value for money to
delay the work until site-specific understanding
is available? Yes

(22) Can the work be deferred for several years
without adverse impacts?

17

Priority 4

Low importance
and urgency
(should not do)

Priority 1
High importance
and urgency

(must be done
now)

Priority 2
Medium
importance and
urgency

(should be done
now)

Priority 3
Important but
not urgent

(can be
deferred)






NDA/RWM/167

6 Transitioning from Generic with Site Specific Research

To date the work programme has carried out only generic activities, i.e. those that can be
undertaken in advance of any site-specific geological understanding. As the siting process
progresses, our R&D work will change in three ways:

e The emphasis of our research will focus on developing the underpinning science of
concepts, designs and safety / environmental assessments specific to the site or
sites in question.

e Where appropriate, the scope of those research activities currently identified in the
generic programme will be tailored to the site or sites in question. For example,
where water-rock interactions are being investigated the programme will transition
from using a range of simulated groundwaters relevant to the range of generic
concepts, to real samples of groundwater or rock cores extracted from the
geological formation(s) in question.

A range of site-specific research tasks will be developed, aimed at:
¢ Optimisation of the disposal concept and designs against the host geology;

¢ Reflecting the real environment in the DSSC. Some parameters will be assessed in
situ, via the site characterisation programme, while others will be more
research-focussed and will utilise a range of laboratory-based techniques.

The transition to site-specific activities provides the opportunity to pull together several
strands of our research and development work relating to sustainability. The generic
environmental assessment and sustainable design work undertaken by RWM over the last
few years has highlighted several areas of concept and design development where there
will be significant opportunities to reduce the environmental footprint of a GDF. For
example, recent work on the sustainability of construction and backfill materials is
highlighting areas where we may be able to significantly reduce our carbon footprint and
contribute to both NDA and Government Net Zero carbon targets.

Site-specific activities will also allow us to apply the learning gained from our generic
research into the societal aspects of geological disposal and sustainable community
development. This work will be influenced by the community visioning carried out by
Community Partnerships - which may also highlight future research needs in social
science. The social science topic area established by RWM'’s Research Support Office will
provide a useful focus for this work.
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7 Review and Scrutiny

In developing this S&T Plan we have consulted widely within RWM, in particular with
end-users of the research programme (Safety Assessments, Concepts, Engineering,
Disposal System Specification and Waste Management Directorate). Furthermore, to
support its development as a competent delivery organisation that will be subject to formal
regulation, RWM has agreements with the regulators to allow “voluntary scrutiny” of key
activities. As part of the scrutiny programme regulators have reviewed versions 1 and 2 of
the Science and Technology Plan. They went on to identify 6 recommendations on the
basis of version 2 and a number of detailed comments. Our intent in producing this S&T
Plan, in addition to updating the schedule and incorporating new tasks, was to address
these recommendations.
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8 Feedback

In this document we have presented our current understanding of our detailed science and
technology requirements in support of the HAW disposal programme, together with an
indicative schedule. We have identified over 300 individual tasks scheduled over a period
of up to ten years.

We would welcome your comments on our S&T Plan. Specifically, we would ask you to
consider the appendices to this document and answer the following questions:

e Are there areas to which you consider that we are giving an inappropriate emphasis?

e Are there areas where you consider the proposed R&D to be inappropriate or
inadequate?

e Would you like to suggest any innovative approaches to addressing the research
needs and objectives detailed in the appendices?

In each case please tell us your reasons for making the comment and if there are
additional sources of information that you would like to bring to our attention that would be
very helpful. Comments should be provided to RWM Feedback, using the address
identified inside the front cover of this document.
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Appendix A Product Breakdown Structure

RWM has recently made significant progress in developing as an implementer of a
nationally significant major infrastructure project. This has included improvements in
programme definition, including improved clarity of the programme delivery work
breakdown structure (WBS). The 2020 Science and Technology Plan has therefore been
aligned with this improved WBS, as shown in Appendix A.
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Appendix B Task Sheets

B1 WBS 10 - Biosphere

The generic research activities to be concluded before the site-specific stage commences
can summarised in the following work areas:

¢ General biosphere methodology (WBS 10.1)

e Environmental impact assessment (WBS 10.2)
¢ Radioecology (WBS 10.3)

e Non-human biota (WBS 10.4)

¢ Non-radiological pollutants (WBS 10.5)

e Estuarine and marine systems (WBS 10.6)

e Historic, current and future climate (WBS 10.7)

The biosphere work area will continue to be informed by approaches identified as
international best practice and pioneered by overseas waste management organisations,
the work planned within the next decade will ensure that the treatment of the biosphere in
the early part of the period of the period covered by the post-closure safety case is
consistent with that described by the EIA work (Task 10.2.001), and to ensure that data
used in human and wildlife impact assessments are consistent with the IAEA
recommendations (Task 10.3.001). Further international collaboration is planned through
the IAEA's MODARIA programme (Task 10.4.001, Task 10.4.002 and Task 10.7.001) and
BIOPROTA (Task 10.1.001 and Task 10.8.001). In order to phase into the next stage of the
programme, a roadmap for Tranche 3 (Task 10.1.003) is planned in order to provide the
capability for site-specific modelling, the outcomes of the roadmap will lead on to

Task 10.1.004 in which the site-specific research and development associated with the
biosphere will be identified as a result of initial understanding of potential GDF sites.

Once one or more sites are under consideration, site-specific biosphere models will be
produced, using the approach developed through generic research studies. The catchment
model is an important component of the biosphere model. It describes the near-surface
hydrology and ‘points of contact’ in the biosphere. It interfaces with the geosphere model,
which contains the description of the groundwater environment, via the biosphere —
geosphere interface. Currently, this model is generic; it will be developed to represent the
site once this is known. Ongoing development of the catchment model will continue during
site characterisation as geosphere understanding improves.

RWM has already produced terrestrial models for glacial, tropical, temperate, boreal and
glacial climate states. Climate predictions in a European context will be down-sized to
regional, and ultimately, the local scale once one or more sites are under consideration.
Since climate change science is evolving rapidly, RWM will continue to undertake generic
research in this area through international collaborations.

There are other topics where site-specific biosphere research may be required. For
example, RWM'’s non-human biota model (ERICA) is currently supported by a generic
database. A site-specific ERICA database may be required in the future. RWM may also
study the behaviour of some key radioelements (for example, iodine, technetium, uranium,
selenium and radon) in site-specific soils and vegetation. This may be undertaken through
field-scale lysimeter experiments similar to those previously undertaken in the generic
research programme.
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B1.1 WBS 10.1 - General biosphere methodology

B1.1.1 BIOPROTA: Update of BIOMASS (BIOsphere Modelling and
ASSessment) Methodology

Task Number 10.1.001 Status Completed, undergoing re-
view

WBS Level 4 Biosphere

WBS Level 5 General Biosphere Methodology

Background

RWM’s approach to representing the biosphere in long-term performance studies aligns
with international guidance, notably the BIOMASS methodology developed within the
context of an IAEA programme. The BIOMASS methodology sets out a structured ap-
proach based on good practice in defining biosphere systems that appropriately reflect
the context for the assessment and that can then be used as a basis for quantitative
calculations. This methodology was developed in 2003 and needs to be reviewed as a
result of the findings of the MODARIA project and other developments in the biosphere
area since 2003. The IAEA is considering a project to update the BIOMASS methodol-
ogy as part of a MODARIA Il programme.

Research Driver

To ensure that the treatment of the biosphere in the post-closure safety assessment
takes account of improvements in methodology and understanding of various biosphere
processes that have occurred since publication of the IAEA BIOMASS methodology in
2003.

Research Objective

To ensure that RWM'’s approach to representation of the biosphere in the post-closure
safety case is consistent with current international guidance and practice.

Scope

Particular topics envisaged for the update to the BIOMASS methodology include the
following:

e Practical experience of its application.
e Capturing experience in site characterisation and assessment.

e Addressing radionuclide behaviour in the transition zone from the geosphere to
the biosphere.

e Conceptual models for key radionuclides (e.g. C-14, Se-79 etc.).
e Current approaches to treatment of non-human biota.

e Enhancements to the methodology to specifically address impacts on the envi-
ronment and non-radiological impacts linked to radioactive waste disposal.

Geology Application

HSR, LSSR, Evaporite

Output of Task

IAEA published report on updated BIOMASS methodology.

SRL/TRL at | SRL 5 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL
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Further Information

Relevant further information can be found in a 2003 BIOMASS report [1].

1 International Atomic Energy Agency, Reference Biospheres for solid radioactive
waste disposal: Report of BIOMASS Theme 1 of the BIOsphere Modelling and
ASSessment (biomass) programme, |AEA Report IAEA-BIOMASS-6, 2003.
[Online]. Available: https://www-pub.iaea.org/MTCD/Publications/PDF/
Biomass6%5C_web.pdf.
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B1.1.2 Consistency of Biosphere with Other Technical Areas within
RWM
Task Number 10.1.002 | Status | Start date in FY2020/21
WBS Level 4 Biosphere
WBS Level 5 General Biosphere Methodology
Background

RWM has recently carried out a project to identify the overlaps and interfaces in the
representation of the biosphere between different parts of RWM'’s programme [1]. At
present, different modelling approaches are used between the OSC, OESA and PCSA
for the same radiation exposure pathways to humans. The biosphere calculations un-
dertaken to support the OSC and for the OESA need to be based on updated models
and, particularly, on internationally recommended databases of environmental param-
eters that have become available in recent years. The same modelling approaches
should be adopted where the same exposure pathways are addressed. One way of
achieving this would to be to use the current RWM biosphere model to calculate the
dose pathways required in the OSC and OESA. This would ensure consistency for both
the operational and post-closure safety assessments and would have the additional
benefit that both models could directly use site-specific biosphere models once they
have been developed.

In future assessments, RWM will be required to include non-human biota dose assess-
ments in both operational and post-closure assessments. RWM has supported much re-
cent development in the science and data sets available in this technical area. A review
of the use of the ERICA tool in the OSC and PCSA is required to help ensure consis-
tency in both areas of the programme. It is likely that the OSC and PCSA radionuclide
transport models will have to be adapted to output concentrations in the various media
as required by ERICA, the review will identify the required additional outputs from the
OSC and PCSA codes.

The work outlined below is aimed at resolving the issues identified and to help address
the regulatory observations against the OESA, OSC and PCSA.

Research Driver

e There are currently several approaches used to assess biosphere exposure path-
ways across RWM.

e There are inconsistencies in the methodology to calculate radioactive doses to
humans from aerial deposition pathways in the OESA and OSC.

e There is the need for consistency in approach to calculate doses to non-human
biota in the OESA and PCSA.

Research Objective

The objective of this work is to:

* have an overall traceable methodology to calculate radioactive doses to humans
from aerial deposition pathways in the OESA and OSC; and

e have a standardised approach to dose assessment pathways for humans and
non-human biota in RWM.

Scope

The following scope will be undertaken:
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e For both the routine and accident off-site release methodologies in the OESA,
for both their respective radionuclide gases of interest, use the ADMS code for
generic site atmospheric conditions to calculate atmospheric transport of radioac-
tive gases. The OESA covers gaseous releases of H-3, C-14 and Rn-222 during
normal operations. The OSC covers gaseous releases of up to 112 radionuclides
from an accidental release scenario.

e Review the outputs from the ADMS code to produce the activity concentrations in
the various media required by the current RWM biosphere model.

e At present, different modelling approaches are used between the OESA, OSC
and PCSA for the same exposure pathways. Review the use of the current RWM
biosphere model to model biosphere-related exposure pathways.

e Similar age groups and the same generalised habit data should be used through-
out the different types of assessment.

e Consider radionuclides required for the OSC (may be a different list from that in
biosphere model).

¢ Note that other pathways such as exposure to a radioactive plume (inhalation,
skin dose, shine) should be consistent throughout and consistent with the path-
ways in the RWM biosphere code.

e Where the same sorts of modelling approaches are used, covering the same pe-
riods of time and/or interfacing in time, the same data should be used in assess-
ments.

Non-human biota dose assessments will be included in both operational and post-
closure assessments. RWM has supported much recent development in the science
and data sets available on this topic. Review of the use of the ERICA tool in both areas
of the programme to help ensure consistency in reference organism assumptions and
required outputs will be undertaken in terms of activity concentrations in various terres-
trial and water bodies which are required for the aerial releases in the OESA and OSC
and for the groundwater release in the PCSA.

Geology Application

HSR, LSSR, Evaporite

Output of Task
e A suite of consistent assessment models for the OESA, OSC and PCSA.

e A contractor report.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 5 Target SRL 6
Task Start Task End SRL/TRL

Further Information

1 Nucleus, Review of consistency of biosphere programme with other technical
areas, QRS-1958A-1, 2019.
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B1.1.3 Develop Roadmap for Site-specific Modelling and Assessment of
Biosphere
Task Number 10.1.003 | Status | Start date in FY2020/21
WBS Level 4 Biosphere
WBS Level 5 General Biosphere Methodology
Background

Biosphere characterisation is an integral part of the overall process of site characterisa-
tion [1]. It facilitates the biosphere aspect of a Performance Assessment from studies
of geology, hydrology, climate, human populations, distribution and abundance of an-
imal and plant species, and aspects of sociological and demographic studies. It can
also provide inputs to an EIA, which may be required for the construction of a facility,
and may prevent the need to undertake the same characterisation activities twice. Bio-
sphere characterisation for a geological disposal programme is not a new discipline and
substantial amounts of work have already been undertaken in several international pro-
grammes. Therefore, a review of previous approaches to characterisation and those
currently being developed affords an opportunity to learn from this experience.

RWM’s current technical programme has the site evaluation framework for down-
selecting from five to two sites for intrusive investigations concluding in 2024 (end of
Tranche 2 of the near-term work plan). RWM will then be required to produce site de-
scriptive models, both to provide for the internal information requirements of the GDF
development and to communicate understanding of the sites to external stakeholders
to gain permits to continue investigations and to build confidence in the reliability of site
evaluations.

The work in this task outlines the basis for biosphere characterisation noting the pro-
gression from reliance on generic or regional data to the need to derive and use site-
specific data as the GDF development progresses.

Research Driver

During site characterisation, RWM will need to investigate the exact nature of the bio-
sphere at a given site(s) for site selection and input to the ESC; this task aims to pro-
vide the methods and capability to do this.

Research Objective

A roadmap is required which identifies a process map for the site investigations required
to develop the site descriptive model for the two selected sites and recommendations
for developing the site-specific biosphere conceptual model using site-specific biosphere
data collected during site investigations at the two potential sites into site-specific bio-
sphere models describing flow and transport of contaminants among terrestrial and ma-
rine ecosystems.

Scope

The scope of work could include, but should not necessarily be limited to, the following:

¢ A review of other international site characterisation programmes relating to deep
geological disposal of radioactive waste to identify interpretation and modelling
activities relating to the biosphere, together with associated information on re-
source requirements and availability. The review will focus on biosphere informa-
tion required for two potential sites.

e A description of requirements for characterising the biosphere at a site before site
selection (may be for two potential sites), after site selection and throughout the
construction, operation, closure and post-closure administrative control periods.
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Describe the protocols required for research, site characterisation and monitoring,
this includes classifying the various types of experimental and monitoring studies
that may be undertaken for each area and identifying areas of overlap.

Lead a workshop with the aim of recommending a strategic approach for pro-
cessing, interpreting and modelling biosphere site characterisation data, including
consideration of site-specific factors. A briefing note defining the processes and
tools identified, together with associated resource implications, will be prepared
as input to the workshop.

Experience of interactions with stakeholders who will have a legitimate interest in

how site characterisation is conducted and how the results will be used.

Geology Application

HSR, LSSR, Evaporite

Output of Task
e Contract-led workshop
e Contractor report presenting the findings of project

e Learning will be captured in the detailed plans for the GDF programme

SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 4
Task Start Task End SRL/TRL

Further Information

1 M. C. Thorne, L. M. C. Limer, and G. M. Smith, NDA RWMD biosphere as-
sessment studies FY2009-2010: Review of biosphere site characterisation,
RWMD QRS-1378W-3, 2011.
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B1.1.4 Site-Specific Research Needs Identification: Biosphere
Task Number 10.1.004 | Status | Start date in FY2024/25
WBS Level 4 Biosphere
WBS Level 5 General Biosphere Methodology
Background

In December 2018 RWM launched its siting programme and we are engaging with com-
munities that have an interest in hosting a GDF [1]. As the siting process moves for-
ward, site characterisation will progress through surface-based and intrusive (borehole)
investigations. While waste packaging proposals from waste owners will continue to
draw upon the generic safety case and its underpinning, many of the more generic re-
search activities will be concluded, while site-specific research and development activi-
ties will take place for an assumed two potential candidate host sites, driving our under-
standing and data maturity towards that required for GDF permissions. Monitoring that
was used for site characterisation and data gathering purposes will continue through the
operational period and beyond, and may be used for regulatory compliance purposes to
assess the consequences of any off-site discharges from operations.

Research Driver

To identify future site-specific research and development associated with this work area
as a result of initial understanding of potential GDF sites.

Research Objective

To further develop the Science and Technology Plan to identify site-specific research
and development needs.

Scope

¢ To identify site-specific knowledge gaps and key uncertainties requiring further
research and development.

e To assess and review the resourcing and capability for the requirements of site-
specific activities based on the outcome of the conclusion of generic activities.

e To assess the applicability of generic work to the site(s) taken forward for site
characterisation.

e To develop supply chain capability where necessary to transition into Tranche 3.

Geology Application

Site specific — To be confirmed.

Output of Task

An understanding of the site-specific knowledge gaps for an assumed two sites and the
programme of work required to close them.

SRL/TRL at | N/A SRL/TRL at | N/A Target N/A
Task Start Task End SRL/TRL

Further Information

1 BEIS, Implementing geological disposal - working with communities, 2018.
[Online]. Available: https://assets. publishing. service . gov.uk/government/
uploads/system/uploads/attachment _data/file/ 766643/ Implementing _
Geological_Disposal_- Working_with_Communities.pdf.
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B1.2 WBS 10.2 - Environmental impact assessment

B1.2.1 Interface of Biosphere Programme with Environmental Impact
Assessment (EIA)

Task Number 10.2.001 | Status Start date in FY2022/23
WBS Level 4 Biosphere

WBS Level 5 Environmental Impact Assessment

Background

ElAs will be carried out to support Development Consent applications for both deep
boreholes and the GDF. The ElAs will include consideration of the environmental, socio-
economic and health and well-being effects associated with implementing geological
disposal. The focus of the assessments for the GDF will be the operational and short-
term post-closure phases — extending to several hundred years. Research is also be-
ing carried out to determine how the biosphere should be represented in the DSSC.
The timescales considered by this work extend to hundreds of thousands of years. At
least 12 months of baseline monitoring and survey work will be carried out at candi-
date sites to inform the ElAs. This work will help to define a baseline (the situation in
the absence of geological disposal, at any defined point in time) which will provide a
yardstick against which the predicted effects of the GDF can be compared. Defining the
baseline involves collecting information about the current environment and predicting
how it might change in the future. The baseline definition used for the EIAs needs to be
consistent with the scenarios for long-term environmental change and biosphere devel-
opment used in the safety case. A review of the approach to climate change between
the biosphere research programme and the preparatory EIA work has been carried out.
The review shows that over the timescale of common interest, which is the period span-
ning the short-term (period of authorisation) and long-term (post-closure) assessment
(300-1,000 years), both programmes use the UKCPQ09 data projections (the MODARIA
work uses these as lower boundary conditions for long-term climate projections) and
hence are consistent.

Research Driver

To ensure consistency in the baseline definition used in EIA work and the scenarios for
environmental change developed by the biosphere research programme for use in post-
closure safety assessments.

Research Objective

To ensure that treatment of the biosphere in the early part of the period covered by the
post-closure safety case is consistent with that described by the EIA work.

Scope

To review and compare specific areas in the biosphere and EIA work programmes and
identify where significant differences in approaches and methodology exist. The re-
view should map out a programme of future work to address any discrepancies. Areas
that might be covered in a review include climate change, as described above, and re-
lated issues such as biodiversity and landscape evolution, population and demographic
change, land-use and environmental monitoring. Specific topics to consider might in-
clude the following:

1. Habitats, Sites of Special Scientific Interest and Natura 2000 sites (which are
internationally-designated nature conservation sites). These are relevant to the
terrestrial biosphere model, land use and non-human biota considerations.
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Biodiversity, flora and fauna - all individual species (e.g. plants, animals), their
habitats and the interactions amongst them, particularly in terms of ecosystem
function. Ecosystems are linked communities of organisms together with non-

living components of their environment (such as air, water and soil). These are
relevant to the biosphere work on non-human biota.

Human health, people and communities who could be affected by the effects
from developing and operating a GDF, specifically as relates to their health and
well-being. These are relevant to the biosphere Potentially Exposed Groups.

Population and economic projections and projected demographic changes (e.g.
urban and rural population densities). These are relevant to the biosphere Poten-
tially Exposed Groups, land use, habits and predictions of behaviour over long
timescales.

Geology and soils: quantity and distribution of different soil types. These are rele-
vant to the terrestrial biosphere model.

Water quality and resources: size, capacity, shape and location of a water body
in relation to its users. Includes flood risk: the likelihood of a flood happening,
plus the consequences that will result if the flood occurs. These are relevant to
the terrestrial and freshwater biosphere model.

Hydromorphology/geomorphology: the relationship between landforms and water
bodies, combined with the process of sediment transfer (erosion, transport and
deposition). These are relevant to the terrestrial and freshwater biosphere model.

Climate change - climate emissions: the greenhouse gases which are emitted as
a result of (in general) the use of natural resources; climate adaptation; the mea-
sures taken in order to help society and nature adapt to future changes in our
climate. These are relevant to MODARIA work on the effects of climate change.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of the task will result in a contractor approved report.

SRL/TRL at | SRL 2 SRL/TRL at | SRL 3 Target SRL 6

Task Start Task End SRL/TRL

Further Information

There will be some information from the biosphere site characterisation project ending
in November 2020. There are other publications relevant to this task [1]-[3].

1

Nuclear Decommissioning Authority, Geological Disposal: Geological Disposal
and Climate Change, NDA Report NDA/RWMD/110, 2014. [Online]. Available:
http://rwm.nda.gov.uk/publication/geological-disposal-and-climate-change-
ndarwmd110/.

International Atomic Energy Agency, Development of a common framework
for addressing climate and environmental change in post-closure radiological
assessment of solid radioactive waste disposal, IAEA-TECDOC-1904, 2020.
[Online]. Available: https://www.iaea.org/publications/13642/development-of-a-
common-framework-for-addressing-climate-and-environmental-change-in-post-
closure-radiological-assessment-of-solid-radioactive-waste-disposal.

Modaria - modelling and data for radiological impact assessments web-site.
[Online]. Available: http://www-ns.iaea.org/projects/modaria/default.asp?I=116.
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B1.3 WBS 10.3 - Radioecology

B1.3.1 MODARIA: Review and Update of Radioecological Data
Task Number 10.3.001 | Status | Start date in FY2021/22
WBS Level 4 Biosphere
WBS Level 5 Radioecology
Background

We are keeping a watching brief on work being undertaken by international bodies

to review the approaches adopted to represent the biosphere during future climate
change. This includes developing our understanding of biosphere migration and accu-
mulation mechanisms for key radionuclides and their subsequent uptake by living or-
ganisms in the biosphere (including humans and non-human biota). International guid-
ance recognises the importance of establishing the context and requirements for repre-
senting the biosphere. RWM contributes to collaborative work with sister WMOs, includ-
ing the IAEA MODARIA programme. The assessment of exposures in planned, exist-
ing and emergency exposure situations requires situation-specific models supported by
appropriate datasets and input parameters. There are several recent IAEA TRS publi-
cations which contain basic data about the human food chain and radionuclide transfer
in the terrestrial environment. There is also an earlier TRS report containing data on
marine systems. There are, however, many data gaps in the three IAEA TRS publica-
tions, as well as considerable variation in many of the parameter values. This task com-
prises a review of these new publications and their significance to the GDF programme.
Findings of the review will be incorporated into an update of the biosphere assessment
model currently used by RWM. The model update will enable new sources of informa-
tion to be taken into account, along with updated guidance on the representation of po-
tentially exposed groups and wildlife.

Research Driver

To support the ESC and its underpinning numerical performance assessment by
analysing recent IAEA TRS publications to identify key radionuclides and to collate
those parameter values which are required for RWM assessments of both human and
wildlife exposure.

Research Objective

To identify the most important pathways and parameter values for different radionuclide
source terms and exposure situations (human and wildlife) using the IAEA TRS publica-
tions. To identify key radionuclides so as to allow a process-based modelling approach
to be developed which will enable the identification of the most radiologically sensitive
species of wildlife and therefore to enable remedial actions, addressing those most vul-
nerable species, to be considered if required.

Scope

The scope comprises a critical evaluation of the TRS publications to identify which data
gaps may be important in certain types of assessments (and which are not). The pa-
rameter value evaluations will be conducted using either: (a) widely available tools for
humans and for wildlife; or (b) MODARIA participants’ own models using a specific set
of criteria for evaluating the importance of parameter values for humans and wildlife.
The analysis of the relative importance of different parameter values for different ra-
dionuclides will enable the identification and prioritisation of key radionuclides for which
a future process-based approach to modelling may be justified, as opposed to a simple
empirical approach.

Geology Application

N/A

Output of Task
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The output of the task will result in a contractor approved report.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL

Further Information

There are other publications relevant to this task [1]-[4].

1 International Atomic Energy Agency, Handbook of parameter values for the
prediction of radionuclide transfer in terrestrial and freshwater environments,
IAEA Report 472, 2010. [Online]. Available: http://www.iaea.org/publications/
8201/handbook-of-parameter-values-for-the-prediction-of-radionuclide-transfer-
in-terrestrial-and-freshwater-environments.

2 International Atomic Energy Agency, Handbook of parameter values for the
prediction of radionuclide transfer to wildlife, IAEA Report 479, 2014. [Online].
Available: http://www.iaea.org/publications/10514/handbook-of-parameter-
values-for-the-prediction-of-radionuclide-transfer-to-wildlife.

3 International Atomic Energy Agency, Sediment distribution coefficients and
concentration factors for biota in the marine environment, IAEA Report 422,
2004. [Online]. Available: https://www.iaea.org/publications/6855/sediment-
distribution - coefficients-and-concentration -factors-for-biota-in-the-marine-
environment.

4 Modaria - modelling and data for radiological impact assessments web-site.
[Online]. Available: http://www-ns.iaea.org/projects/modaria/default.asp?l=116.

40



http://www.iaea.org/publications/8201/handbook-of-parameter-values-for-the-prediction-of-radionuclide-transfer-in-terrestrial-and-freshwater-environments
http://www.iaea.org/publications/8201/handbook-of-parameter-values-for-the-prediction-of-radionuclide-transfer-in-terrestrial-and-freshwater-environments
http://www.iaea.org/publications/8201/handbook-of-parameter-values-for-the-prediction-of-radionuclide-transfer-in-terrestrial-and-freshwater-environments
http://www.iaea.org/publications/10514/handbook-of-parameter-values-for-the-prediction-of-radionuclide-transfer-to-wildlife
http://www.iaea.org/publications/10514/handbook-of-parameter-values-for-the-prediction-of-radionuclide-transfer-to-wildlife
https://www.iaea.org/publications/6855/sediment-distribution-coefficients-and-concentration-factors-for-biota-in-the-marine-environment
https://www.iaea.org/publications/6855/sediment-distribution-coefficients-and-concentration-factors-for-biota-in-the-marine-environment
https://www.iaea.org/publications/6855/sediment-distribution-coefficients-and-concentration-factors-for-biota-in-the-marine-environment
http://www-ns.iaea.org/projects/modaria/default.asp?l=116

NDA/RWM/167

B1.4 WBS 10.4 - Non-human biota

B1.4.1 MODARIA: Biota Modelling and Parameter Update
Task Number 10.4.001 | Status | Start date in FY2021/22
WBS Level 4 Biosphere
WBS Level 5 Non-human biota
Background

We are keeping a watching brief on work being undertaken by international bodies to
review the approach adopted in representing the biosphere and its subsequent docu-
mentation. This includes developing understanding of biosphere migration and accu-
mulation mechanisms for key radionuclides and their subsequent uptake by living or-
ganisms in the biosphere (including humans and non-human biota). RWM contributes
to the International Atomic Energy Agency’s MODARIA programme. The general aim
of the MODARIA programme is to improve capabilities in the field of environmental ra-
diation dose assessment by means of acquisition of improved data for model testing
and comparison, reaching consensus on modelling philosophies, approaches and pa-
rameter values, development of improved methods and exchange of information. Most
modelling approaches for the distribution of radioactivity in non-human biota assume
heterogeneity of radioactivity in the body, which may not be appropriate. In addition,
the concentration ratio (equilibrium) approach is used in most radioecological models
and assumes the activity concentrations in the body of a selected plant or animal are in
equilibrium with the surrounding medium; such an approach is used in the ERICA tool.
However, there can be various physical, chemical and other environmental factors that
affect equilibrium, as well as seasonal effects on biota such as changes in diet. In addi-
tion, equilibrium approaches have limited applicability in situations where environmental
concentrations are changing rapidly with time and space, for example in accident sce-
narios. Predictions using the CR versus site-specific measurements can therefore vary
by orders of magnitude. It is more appropriate to model the activity concentrations in
selected biota using dynamic models. This task reviews the state-of-the-art on dynamic
modelling.

Research Driver

To support the ESC by developing improved environmental dose assessment capabil-
ities for biota exposures which have not yet been considered and to improve dynamic
modelling approaches to incorporate adequate assessment of site heterogeneity and
improved dosimetry.

Research Objective

To produce a guidance handbook for biota dose assessments which will:

¢ Provide a more realistic representation of the exposure of organisms by repre-
senting radionuclide behaviour in the body;

e Develop approaches for biota spatial modelling as an alternative to the typical
assessment approach, focusing upon the maximum exposed individual or the av-
erage exposed individual; and

e Develop a dynamic biota model assessment approach as an alternative to the
CR (equilibrium) approach which can be utilised for non-equilibrium situations
such as accident scenarios.

Scope

The scope comprises the development of a guidance handbook, its content covering the
following:
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e Model applications: scenarios will be carefully selected for model comparison
purposes, such as emergency exposure situations, technologically enhanced nat-
urally occurring radioactive material releases, tropical and permafrost environ-
ments.

e Improved modelling tasks: dealing with non-equilibrium situations (such as those
resulting from accidents); guidance for assessments for heterogeneous distribu-
tion of radionuclides in environmental media; improved dosimetry (in close coor-
dination with the ICRP); and the spatial and temporal scale of biota assessment.

Geology Application

N/A

Output of Task

The output of the task will result in a handbook published by the IAEA.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL

Further Information

To be continued into possible MODARIA 11l project. There are other publications rele-
vant to this task [1], [2].

1 UNSCEAR, Annex A, levels and effects of radiation exposure due to the nu-
clear accident after the 2011 great east-japan earthquake and tsunami, Ap-
pendix F (assessment of doses and effects for non-human biota), 2013. [On-
line]. Available: https://www . researchgate . net/publication/265253466
UNSCEAR_2013_Report_Volume_|_Report_to_the_General_Assembly _
Annex_A_Levels_and_effects of radiation_exposure due to the nuclear
accident_after_the 2011_great_east-Japan_earthquake_and_tsunami.

2 Modaria - modelling and data for radiological impact assessments web-site.
[Online]. Available: http://www-ns.iaea.org/projects/modaria/default.asp?I=116.
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B1.4.2 MODARIA: Effects of Acute and Chronic Exposure on Wildlife
Task Number 10.4.002 | Status | Start date in FY2021/22
WBS Level 4 Biosphere
WBS Level 5 Non-human Biota
Background

We are keeping a watching brief on work being undertaken by international bodies to
review the approach adopted in representing the biosphere and its subsequent docu-
mentation. This includes developing understanding of biosphere migration and accu-
mulation mechanisms for key radionuclides and their subsequent uptake by living or-
ganisms in the biosphere (including humans and non-human biota). RWM contributes
to the International Atomic Energy Agency’s MODARIA programme. The general aim of
the MODARIA programme is to improve capabilities in the field of environmental radia-
tion dose assessment by means of acquisition of improved data for model testing and
comparison, reaching consensus on modelling philosophies, approaches and param-
eter values, development of improved methods and exchange of information. Models
should only be applied to representative wildlife species to assess population effects.
Whilst there has been some work on defining RAP, there is still a need to reach con-
sensus on a definition of a population (e.g. a sub-population) that is both scientifically
relevant and appropriate from the viewpoint of radiological protection. This requires
that exposure conditions, dose-response relationships for relevant life-history traits and
life-history characteristics of the species over their entire life cycles are described and
combined into population dynamics. In assessing the effects of radiation on non-human
biota there is a need for a conceptual model which considers data from both acute and
chronic radiation exposures (instead of using acute effect data to predict chronic situ-
ations). Ideally, a conceptual model would take account of both acute and chronic ex-
posure situations (in order to make the best use of all available data). There is also a
need for relevant chronic experimental and field data to calibrate such models so they
are applicable to low dose exposure situations as well as to ‘middle range’ doses. This
task, under the MODARIA project, focuses on improving the methodology for wildlife
population dose assessment.

Research Driver

To support the ESC by improving our understanding of radiological consequences on
populations of wildlife species, considering: exposure conditions; the total, and time
dependent, absorbed dose; and dose response relationships (for relevant assessment
endpoints).

Research Objective

To determine whether numeric criteria derived for individuals are representative of popu-
lations and to investigate whether the models that consider effects on populations, often
based on acute effects data, are also applicable to chronic effects.
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Scope

The scope comprises the development of a methodology for population modelling, in-
corporating estimation of radiation effects at the population level and including compari-
son and analysis of radiation dose effect models for different taxonomic groups (includ-
ing terrestrial and aquatic invertebrates, fish and mammals). Also included is consid-
eration of the modelling of acute versus chronic effects. It is important to distinguish
between the two as one is significantly more likely to lead to permanent irradiation dam-
age than the other. An initial approach was developed using an index of the ratio be-
tween effects and exposure time over lifespan. Acute dose is largely delivered over a
timescale and level where recovery is not possible, whereas chronic exposure relates
more to a time and intensity where recovery processes are possible. A simple logistic
population model has now been developed based on a single age category which al-
lows consideration of chronic or acute exposure. For acute exposure, the healthy group
reduce exponentially whilst the unhealthy group initially increase before succumbing

to mortality, whereas for chronic exposure, both repair and fecundity functions work to
maintain the population.

Geology Application

N/A

Output of Task

Appropriately updated methodology captured in an IAEA document.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL

Further Information

To be continued into possible MODARIA Il project.. Scope will be refined through the
MODARIA project. Relevant further information can be found on the MODARIA website
[1]. Related to Task 10.4.005 and Task 10.5.001.

1 Modaria - modelling and data for radiological impact assessments web-site.
[Online]. Available: http://www-ns.iaea.org/projects/modaria/default.asp?l=116.
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B1.4.3 Further International Collaboration on Effects of Radiation on
Non-human Biota

Task Number 10.4.003 | Status | Start date in FY2021/22
WBS Level 4 Biosphere

WBS Level 5 Non-human Biota

Background

We are contributing to work with international bodies to review the approach adopted

in representing the biosphere and its subsequent documentation. This includes devel-
oping understanding of biosphere migration and accumulation mechanisms for key ra-
dionuclides and their subsequent uptake by living organisms in the biosphere (including
humans and non-human biota). RWM contributes to the International Atomic Energy
Agency’s MODARIA programme. The general aim of the MODARIA programme is to
improve capabilities in the field of environmental radiation dose assessment. One of
the outcomes of the MODARIA programme will be to establish an agreed international
approach on non-human biota by: collating existing datasets; defining populations; de-
veloping conceptual models which take account of both acute and chronic exposure sit-
uations; and, considering non-heterogeneous distributions of radioactivity in the body.
Such information will help in estimating the exposure of non-human biota to ionising ra-
diation. There will be further interest in using such information to develop guidelines for
the protection of non-human biota at national and international levels which may require
further work. This task addresses such future development.

Research Driver

To support the ESC by providing an internationally agreed basis for the estimation of
chronic radiological consequences on non-human biota.

Research Objective

To develop models, laboratory techniques and field studies further to increase our
knowledge of the effects of radiation on non-human biota.

Scope

To revisit the effect of exposures to non-human biota when new data become available
and models undergo significant development.

Geology Application

N/A

Output of Task

Appropriately updated methodology captured in an IAEA document.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 4
Task Start Task End SRL/TRL

Further Information

Current work in this area is being undertaken through the MODARIA and BIOPROTA
international collaborations. This task may be continued into possible MODARIA Il
project. These collaborative programmes are highly cost-effective in sharing the finan-
cial burden of large studies and in developing international consensus in a potentially
contentious area. It is assumed that this rationale will continue and will support this
task. There are other publications relevant to this task [1], [2].Related to Task 10.4.005
and Task 10.5.001.

1 Modaria - modelling and data for radiological impact assessments web-site.
[Online]. Available: http://www-ns.iaea.org/projects/modaria/default.asp?l=116.
2 Bioprota web-site. [Online]. Available: http://www.bioprota.org/.
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B1.4.4 Consideration of Non-human Biota in Deep Groundwater
Task Number 10.4.004 | Status | Start date in FY2021/22
WBS Level 4 Biosphere
WBS Level 5 Non-human Biota
Background

Subterranean ecosystems have long been considered as extreme environments in-
habited by only a few specialised species. This assumption is now being revised, as
many studies show that this environment harbours diverse animal communities (mainly
invertebrates) across different space and time scales [1]. Biodiversity patterns of sub-
terranean terrestrial and aquatic ecosystems may differ from other environments due to
the different features of the subsurface environment (absence of light, limited variations
in temperature, paucity of food, high physical fragmentation). These differences and in-
fluences need to be explored.

Terrestrial subterranean habitats encompass the whole unsaturated zone (vadose zone)
of underground, most evident in karstic areas (caves, fissures, cracks, etc.). Because
they develop in rocks or sediments that protect them against surface environmental
changes, these subterranean ecosystems, in contrast to most surface ecosystems
which are short-lived (rivers, wetlands, or forests), may persist relatively unchanged for
millions of years.

Research Driver

RWM has considered microbial activity close to a GDF in the wastes and materials
used to construct certain engineered barriers and during operations. Our work on micro-
bial activity in the geosphere is summarised in the Geosphere Status Report [2]. How-
ever:

e there is currently no work in RWM to assess the impact of radioactivity or non-
radiological pollutants on subterranean environments;

e there is a need for consistency in approach to the assessment of the impact of
radioactive and non-radioactive contaminants on non-human biota in the surface
environment; and

e the EA has identified this as a gap in RWM’s knowledge base.

Research Objective

The purpose of this research is to understand the patterns, processes, and determi-
nants of subterranean biodiversity.

Scope

Only by understanding the known characteristics of such systems can we begin to
scope out how to assess the effect on these systems of different pollutants from the
GDF. The fundamental questions to be asked at such an early stage of study include
the following:

e What are the characteristics of subterranean (aquatic and terrestrial) biodiversity?

e Why do subterranean patterns of biodiversity differ markedly from those of sur-
face habitats?

e What can we learn about the origin and causes of biodiversity of subterranean
ecosystems?

Geology Application

HSR, LSSR, Evaporite

Output of Task
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A contractor report summarising the current knowledge of the topic.

SRL/TRL at | SRL 1 SRL/TRL at | SRL 2 Target SRL 2
Task Start Task End SRL/TRL

Further Information

1 J. Gibert and L. Deharveng, Subterranean ecosystems: A truncated functional
biodiversity. BioScience, vol. 52, pp. 473481, Issue 6 2002. [Online]. Avail-
able: https://academic.oup.com/bioscience/article/52/6/473/240329%: ~:
text=Subterranean%20Ecosystems%3A%20A%20Truncated%20Functional %
20Biodiversity % 3A%20This % 20article, this % 20truncation % 20both % 20from %
20functional%20and%20evolutionary%20perspectives.

2 Radioactive Waste Management, Geological disposal: Criticality safety status
report, RWM Report DSSC/458/01, 2016. [Online]. Available: http://rwm.nda.
gov.uk/publication/geological-disposal-criticality-safety-status-report/.
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B1.4.5 A Review of the Knowledge Base of the Effect of
Non-radiological Pollutants on Non-human Biota

Task Number 10.4.005 | Status | Start date in FY2021/22

WBS Level 4 Biosphere

WBS Level 5 Non-human Biota

Background

The need for an improved understanding of the impacts of non-radiological pollutants on
non-human biota falls under the general heading of ecotoxicology and, as such, faces
many of the same challenges related to ecotoxicology.

Ecotoxicology is the study of how chemicals interact with organisms in the environment.
Environments that are potentially at risk vary greatly and include marine and freshwater
environments, terrestrial environments and even the air, in which respiratory exposures
and foliar uptake by plants can occur. Organisms at risk from chemical exposures in-
clude plants, fungi, and algae (primary producers); invertebrates (such as worms, bugs,
beetles, and molluscs); fish; amphibians; reptiles; birds; and mammals.

Given this wide range of biodiversity, it is impossible to know everything about the po-
tential ecotoxicological effects of chemicals [1]. Instead, ecotoxicologists rely on a small
set of indicator organisms and an understanding of how the physiochemical properties
of compounds cause them to partition in the environment and organisms.

Ecotoxicological research has tended to focus principally on the development of practi-
cal techniques to evaluate the potential toxicity of chemicals in the environment and the
likelihood that organisms will be exposed to dangerous concentrations in situ. In partic-
ular, a great deal of effort has been put into developing toxicity test procedures that not
only use mortality as an endpoint, but also consider sub-lethal effects on growth, repro-
duction and viability of offspring. Similarly, attention has been paid to the chemical spe-
ciation, persistence and fate of contaminants in diverse environmental media, together

with their accumulation and subsequent effects on biota [2].

Relative chemical hazards to terrestrial organisms do not necessarily follow the same

patterns as those seen with aquatic organisms, necessitating separate testing and as-
sessment schemes.

Research Driver

Although considerable scientific investigation into ecotoxicology has been undertaken,
few of the more fundamental principles that underpin ecotoxicology and the general
questions that must be addressed have been answered. The list of questions is long,
reflecting the multi-disciplinary nature of ecotoxicology. Examples of some of key ques-
tions that still remain include the following:

e Prediction of ecotoxicological effects on individual species.
e Prediction of effects of pollutants on populations/communities.
e Can organisms and populations fully recover from pollutant exposure?

e What are the ecological consequences for populations and communities of or-
ganisms developing physiological tolerance or genetic resistance to exposure to
specific pollutants?

e How do mixtures of chemicals affect the toxicity of individual pollutants?

Research Objective

The objective of this work is to utilise the current understanding of existing pollutant ef-
fects in ecosystems and apply this knowledge to the non-radiological pollutants relevant
to a GDF which are ecotoxic.
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Scope

The scope of work includes (but is not limited to) the following:

Identify ecotoxic substances in non-radiological pollutants in GDF inventory.

Identify the non-human biota affected by non-radiological pollutants that are of
interest for the GDF (in a first instance, these could be the same RAPs used for
radiation protection).

Review literature on ecotoxicology of these non-radiological pollutants in this sub-
set of non-human biota.

Identify what environments (freshwater, soil, marine water, sediment) the subset
of non-human biota inhabit (informs total system model of required output points
in the geosphere/biosphere).

Consider possible effects of these ecotoxic non-radiological pollutants on this
subset of non-human biota in the presence of mixtures of chemicals.

Expand the studies above to the effect of these non-radiological pollutants on
communities.

Identify the relevant UK environmental protection legislation governing ecosys-
tems in different environments.

Note that a task specifying how a non-human biota assessment in the OESA and PCSA

will be
use of

developed on a site-specific basis has been included in a current project on the
biosphere data across different technical functions (Task 10.1.002).

Geology Application

HSR, LSSR, Evaporite

Output of Task

A contractor report summarising the current knowledge of the topic.

SRL/TRL at | SRL 2 SRL/TRL at | SRL 3 Target SRL 3
Task Start Task End SRL/TRL

Further Information

H. Ali, E. Khan, and I. llahi, Environmental chemistry and ecotoxicology of haz-
ardous heavy metals: Environmental persistence, toxicity and bioaccumula-
tion. Journal of Chemistry, vol. 2019, 2019. [Online]. Available: https://www.
researchgate.net/publication/331552340 _Environmental _Chemistry _and _
Ecotoxicology _of Hazardous_Heavy_Metals_Environmental _Persistence_
Toxicity_and_Bioaccumulation.

Defra and Hazardous Substances Advisory Committee, HSAC paper on key
research questions in ecotoxicology, 2016. [Online]. Available: https://assets.
publishing.service.gov.uk/government/uploads/system/uploads/attachment_
data/file/502254/hsac-paper-ecotoxicology-key-questions.pdf.
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B1.5 WBS 10.5 - Non-radiological pollutants

B1.5.1 Effect of Multi-stressors in Addition to Radioactive Exposure
Task Number 10.5.001 | Status Start date in FY2023/24
WBS Level 4 Biosphere
WBS Level 5 Non-radiological Pollutants
Background

The effects of radiation or chemical pollutants in the environment on biological systems
are highly complex. It is very difficult to determine the relationship between a detectable
effect in a system and the ultimate consequence for the organism or population. This
relationship is particularly obscure where the level of exposure to the agent is very low
or when multiple agents occur in the system under examination. Much of the uncer-
tainty surrounding the risk of exposure to low doses of single or multiple stressors is
due to this inability to determine risk associated with molecular effects [1].

Both field and laboratory studies are needed to form the scientific basis for environmen-
tal assessments. It is noted that field studies are generally based on chronic exposure,
while laboratory studies usually use acute exposure, which may be part of an explana-
tion for the different conclusions drawn from field and laboratory studies. In addition,
field trials tend to emphasise single stressors and ignore possible combinations whilst
laboratory experiments are generally unable to mimic the conditions in the natural envi-
ronment.

More and more data have become available that suggest that compounds can exert ef-
fects in mixtures in concentration ranges in which the single contaminants do not show
effects. There is still some debate as to whether the combined effects of multi-stressors
and radiation are fundamentally additive, synergistic or antagonistic. [2].

Research Driver

There is a lack of understanding about the potential interactions among multiple stres-
sors and the biological responses to multiple stressor exposures. Such understanding is
needed to predict how different combinations of contaminants induce adverse effects on
non-human biota in addition to the effect of single stressors.

Research Objective

There is a need for a coordinated, multinational, multidisciplinary research programme
to understand the effects of multiple stressors or mixed contaminant exposure condi-
tions on life-history responses such as growth, reproduction and survival of ecosystems
and individual species of non-human biota.

Scope

This is a highly complex issue in which the effect of multistressors is only just starting
to be investigated in field studies. It is recommended that the task on review of the
knowledge base of the effect of non-radiological pollutants on non-human biota should
be completed first (Task 10.4.005), then a review of the effect of multistressors on non-
human biota be carried out.

Geology Application

HSR, LSSR, Evaporite

Output of Task

A contractor report summarising the current knowledge of the topic.

SRL/TRL at | SRL 1 SRL/TRL at | SRL 2 Target SRL 2
Task Start Task End SRL/TRL
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Further Information

1 C. Mothersill, I. Mosse, and C. Seymour, Multiple Stressors: A Challenge for
the Future. Springer, 2007, pp. 235-246. [Online]. Available: https://link.
springer.com/book/10.1007/978-1-4020-6335-0.

2 C. Mothersill, M. Abend, F. Brechignac, D. Copplestone, S. Geraskin, J. Good-
man, N. Horemans, P. Jeggo, W. McBride, T. Mousseau, A. OHare, R. Pap-
ineni, G. Powathil, P. Schofield, C. Seymour, J. Sutcliffe, and B. Austin, The
tubercular badger and the uncertain curve: The need for a multiple stres-
sor approach in environmental radiation protection. Environmental Research,
vol. 168, pp. 130-140, 2019. [Online]. Available: https://www.sciencedirect.
com/science/article/pii/S0013935118305176.
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B1.5.2 Development of Safety Case Claims, Arguments and Evidence in
Consideration of Non-radiological Pollutants

Task Number 10.5.002 | Status | Start date in FY2020/21
WBS Level 4 Biosphere

WBS Level 5 Non-radiological Pollutants

Background

Radioactive wastes that are consigned to a GDF will contain non-radiological pollutants.
Non-radiological pollutants will also be present in the waste package, buffer/backfill

and the structural components of the facility. The safety case developed for the GDF,
which considers the transportation of waste from the site of arising to the GDF, the con-
struction and operation of the GDF and its subsequent long-term evolution post-closure,
needs to demonstrate that the impact of radioactive wastes and of non-radiological pol-
lutants on humans and the environment, including non-human biota (flora and fauna),
meets regulatory requirements. These requirements include the protection of groundwa-
ter; aerial discharges during waste transportation and GDF operations also need consid-
eration.

A R, relating to understanding the non-radiological component of the wastes, was
raised in May 2018. The RI specifies several actions for RWM to address the require-
ment that the GDF provides adequate protection against non-radiological pollutants.

RWM is undertaking a programme of work to identify the non-radiological pollutants of
potential importance for a GDF in the context of the protection of groundwater, and to
quantify the amount of these pollutants that will be present in the GDF:

e Updated its Implementation Plan which outlines the work to understand the po-
tential impact of the GWD requirements on several RWM work areas, and the
implications for our safety cases.

e The 2019 UK Radioactive Waste Inventory template now includes data fields for
significant non-radiological pollutants of concern identified by RWM.

e Developed a non-radiological pollutant screening methodology and a total system
model (TSM) and carried out assessment work on non-radiological pollutants.
The two sets of modelling results are complete and the reports published [1].

e |dentified a list of non-radiological pollutants currently considered to be of poten-
tial importance for the GDF which will be referred to in the updated Level 2 waste
package specification document.

¢ Planning a further modelling project on the behaviour of non-radiological pollu-
tants in an evaporite geology.

e Carrying out an experimental programme on the degradation and solubility on
organic non-radiological pollutants in the near field environment of a GDF.

e Forming an Integrated Project Team (IPT) to assess the impact of non-
radiological pollutants across different technical functions within RWM.

Research Driver

Addressing EC Groundwater Daughter Directive requires that the disposal safety case
should consider non-radiological pollutants as well as radionuclides.

Addressing Environmental Agency ‘Observations’ on non-radiological pollutants in RWM
safety case.
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Research Objective

To establish an integrated project team to develop the safety case claims, arguments
and evidence for non-radiological pollutants related to the UKRWI and the UK GDF.
This IPT will bring together ongoing and preceding work within an overall framework,
identify knowledge gaps in the current programme of work, and undertake and deliver
studies to ensure RWM'’s position on non-radiological pollutants meets regulatory re-
quirements.

Scope

The integrated project will consist of two phases. Phase 1 shall consist of:

e the delivery of a roadmap that will present reasoned and prioritised plans for a
structured programme of work, to be undertaken in Phase 2 of the project, that
will attain the overall project objective of the development of safety case CAE in
consideration of non-radiological pollutants in the context of a UK GDF.

Phase 2 shall consist of:

e the implementation of the roadmap: this could include both desk-based and, if
deemed to be a suitable priority, small and large-scale laboratory-based activities.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of Phase 1 is likely to be a number of contractor-approved reports.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 6
Task Start Task End SRL/TRL

Further Information

RWM is engaging internationally with other waste management organisations on non-
radiological pollutants, e.g. through the BIOPROTA forum. RWM is liaising with Low
Level Waste Repository Ltd. and the Nuclear Decommissioning Authority on common
issues with non-radiological pollutants, particularly on the derivation of the radiological
pollutant inventory.

1 J. Dowle, L. Limer, J. Wilson, and M. Thorne, Development of a total sys-
tem model for non-radiological pollutants in a GDF, Nucleus, Contractor Re-
port RWM/Contr/19/005, 2019. [Online]. Available: http://rwm.nda.gov.uk/
publication/development-of-a-total-system-model-for-non-radiological-pollutants-
in-a-gdf/.
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B1.6 WBS 10.6 - Estuarine and marine systems

B1.6.1 Updated Marine Model for Climate States Posing a Potential
Challenge to the Risk Guidance Level
Task Number 10.6.001 | Status | Start date in FY2023/24
WBS Level 4 Biosphere
WBS Level 5 Estuarine and Marine Systems
Background

It is important to consider long-term climate change when representing the biosphere
in post-closure assessments. The BIOCLIM project provided the basis for the climate
change scenarios that RWM considers in biosphere assessments studies. The sci-
ence that underpins climate change modelling and the associated modelling capabili-
ties continues to develop. Given recent developments in climate modelling, there is an
opportunity to build on the methodology developed in the BIOCLIM project. This would
greatly improve the actual predictions made in BIOCLIM by utilising state-of-the-art cli-
mate modelling tools and techniques whilst also reviewing the representation of future
biosphere scenarios. We aim to increase our understanding of the expected evolu-
tion of the geosphere and biosphere and associated consequences for the GDF in re-
sponse to natural processes with the objective of providing an integrated description of
the expected evolution of the surface and sub-surface environments over the timescale
of around one million years relevant to geological settings in the UK. Our current ma-
rine model corresponds to the temperate terrestrial model used for the PCSA. Since its
development, further terrestrial models have been developed for other climate states
(tropical, boreal and glacial). This task comprises the development of marine models for
these alternative climate states at a site-specific level.

Research Driver

To support the post-closure safety case and its underpinning numerical performance as-
sessment by developing an understanding of the site-specific consequences of potential
impacts due to climate change on the safety performance of the GDF for different ma-
rine scenarios (sea level rise/fall, changes in estuaries, etc.).

Research Objective

To determine whether climate change will lead to a site-specific marine pathway which
gives rise to doses of significance in comparison to the terrestrial pathway.

Scope

The scope comprises the site-specific development of marine models for alternative cli-
mate states (tropical, boreal and glacial) which could be used in conjunction with their
corresponding terrestrial model.

Geology Application

N/A

Output of Task

Details of long-term climate prediction for two sites reported in an approved contractor
report, models and underpinning data sets.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 5 Target SRL 6
Task Start Task End SRL/TRL
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Further Information

The relevance of this work may be site specific and may be deferred until a site has
been identified as requiring this study. Relevant further information can be found in sev-
eral reports [1]-[4].

1

R. Walke, M. Thorne, and J. Smith, RWMD Biosphere Assessment Model:
Marine Component, AMEC and Quintessa, Contractor Report 18025/TR/001,
Issue 2.0, 2013. [Online]. Available: http://rwm.nda.gov . uk/publication/
18025tr001%5C_marine%5C issue?2/.

R. Walke, M. Thorne, and L. Limer, RWMD Biosphere Assessment Model: Ter-
restrial Component, AMEC and Quintessa, Contractor Report 18025/TR/002,
Issue 2, 2013. [Online]. Available: http://rwm.nda.gov.uk/publication/biosphere-
assessment-model-terrestrial-component/.

J. Becker, T. Lindborg, and M. Thorne, Influence of climate on landscape char-
acteristics in safety assessments of repositories for radioactive wastes. Journal
of Environmental Radioactivity, no. 138, pp. 192-204, 2014.

M. Thorne, R. Walke, and M. Kelly, Representation of climate change and
landscape development in post-closure radiological impact assessments,
AMEC and Quintessa, Contractor Report QRS/1667A/1, 2014. [Online]. Avail-
able: http://rwm.nda.gov.uk/publication/representation-of-climate-change-
and-landscape-development-in-post-closure-radiological-impact-assessments-
grs1667a1/.
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B1.7 WBS 10.7 - Historical, current and future climate

B1.7.1 Impact of Climate State Transitions
Task Number 10.7.001 | Status Start date in FY2025/26
WBS Level 4 Biosphere
WBS Level 5 Historical, Current and Future Climate
Background

It is important to consider long-term climate change in representing the biosphere in
post-closure assessments. The BIOCLIM project provided the basis for the climate
change scenarios that RWM considers in biosphere assessment studies. The science
that underpins climate change modelling and the associated modelling capabilities con-
tinue to develop; given recent developments in climate modelling, there is an opportu-
nity to build on the methodology developed in the BIOCLIM project. This will improve
the actual predictions made in BIOCLIM by utilising state-of-the-art climate modelling
tools and techniques whilst reviewing the representation of future biosphere scenarios.
The IAEA has set up the MODARIA programme which includes a working group ad-
dressing environmental change in long-term safety assessments of radioactive waste
disposal facilities. The working group has the specific aim of updating the predictions
made in BIOCLIM by utilising improved state-of-the-art climate modelling tools and
techniques. It has as its members recognised experts in climate modelling and bio-
sphere development. RWM is playing a significant role and has set up a study to review
UK climate change scenarios. This task will assist in the development of robust long-
term predictions of future climate using plausible sequences of climate scenarios (sub-
tropical, temperate, boreal, glacial), including understanding the transitions between the
scenarios. This will determine if the change from one climate scenario to another could
lead to significant doses above those of the initial and subsequent climate states.

Research Driver

To support the ESC for the distant post-closure phase by developing our understanding
of the potential radiological impacts of transitions between climate states (sub-tropical,
temperate, boreal, glacial).

Research Objective

To determine whether the dose to a population from the transition between climate
states is bounded by the temperate climate model as propounded in the generic Dis-
posal System Safety Case.

Scope

The scope comprises the activities of the collaborative international MODARIA working
group on climate change, which will explore transitions between different climate states.

Geology Application

N/A

Output of Task

There has been little work on climate transitions. There is an IGD-TP proposed group
on climate change which RWM is participating in; this could be raised as a topic in that

group.

SRL/TRL at | SRL 2 SRL/TRL at | SRL 3 Target SRL 5
Task Start Task End SRL/TRL

56




NDA/RWM/167

Further Information

This task may need to be revisited circa 2025 unless radical new understanding chal-
lenges this approach. There are several publications relevant to this task [1]-[3].

1 SKB, Climate and Climate-related Issues for the Safety Assessment SR-Site,
SKB Report TR-10-49, 2010. [Online]. Available: http : // www . skb . com/
publication/2160581/TR-10-49.pdf.

2 J. Becker, T. Lindborg, and M. Thorne, Influence of climate on landscape char-
acteristics in safety assessments of repositories for radioactive wastes. Journal
of Environmental Radioactivity, no. 138, pp. 192-204, 2014.

3 M. Thorne, R. Walke, and M. Kelly, Representation of climate change and
landscape development in post-closure radiological impact assessments,
AMEC and Quintessa, Contractor Report QRS/1667A/1, 2014. [Online]. Avail-
able: http://rwm.nda.gov.uk/publication/representation-of-climate-change-
and-landscape-development-in-post-closure-radiological-impact-assessments-
grs1667a1/.
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B1.7.2 Periodic Review of Climate Change Understanding
Task Number 10.7.002 | Status | Start date in FY2028/29
WBS Level 4 Biosphere
WBS Level 5 Historical, Current and Future Climate
Background

It is important to consider long-term climate change in representing the biosphere in
post-closure assessments. The BIOCLIM project provided the basis for the climate
change scenarios that RWM considers in biosphere assessment studies. The science
that underpins climate change modelling and the associated modelling capabilities con-
tinues to develop and it is anticipated that future advances will require a periodic update
to our understanding of climate change in the context of a UK GDF. This task com-
prises such a review.

Research Driver

To develop an understanding of how climate states (other than temperate) impact on
biosphere assessments of the effects on human and non-human biota of radioactivity
emerging from the geosphere in the vicinity of a GDF.

Research Objective

To develop an improved understanding of climate sequences and the associated land
use, human habits, etc. in order to determine whether this will support the choice of a
bounding climate state.

Scope

To revisit the analysis of climate sequences following significant development of climate
change models.

Geology Application

N/A

Output of Task

There is an IGD-TP proposed group on climate change which RWM is participating in;
this could be raised as a topic in that group.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 4
Task Start Task End SRL/TRL

Further Information

There are other publications relevant to this task [1], [2].

1 International Atomic Energy Agency, Development of a common framework
for addressing climate and environmental change in post-closure radiological
assessment of solid radioactive waste disposal, |IAEA-TECDOC-1904, 2020.
[Online]. Available: https://www.iaea.org/publications/13642/development-of-a-
common-framework-for-addressing-climate-and-environmental-change-in-post-
closure-radiological-assessment-of-solid-radioactive-waste-disposal.

2 Modaria - modelling and data for radiological impact assessments web-site.
[Online]. Available: http://www-ns.iaea.org/projects/modaria/default.asp?l=116.
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B1.7.3 Downscaling Global Climate Data
Task Number 10.7.003 | Status Start date in FY2023/24
WBS Level 4 Biosphere
WBS Level 5 Historical, Current and Future Climate
Background

Global climate models, as used in support of post-closure safety assessments, typically
provide results at a grid scale of more than 100 km by 100 km. This scale is too coarse
for application to local areas or specific sites in post-closure performance assessments,
so consideration has been given as to how such results can be downscaled to a finer
resolution.This is addressed by downscaling the outputs from global/regional climate
models and assessing the local implications for both climate and landscape. Outputs
from both the climate modelling and the landscape development studies can then be
used to define the structure and boundary conditions used directly in, or in support

of, performance assessment modelling, e.g. in hydrogeological and hydrogeochemical
models, as well as in the context of site selection and repository design.

Three approaches to downscaling exist [1]: rule-based downscaling, in which selected
results from a coarse, long-term climate model are used to define rules by which fu-
ture conditions at a site are classified into one of a small number of climate classes that
can be characterised in terms of present-day instrumental data from various meteoro-
logical stations; dynamical, or model-based, downscaling, in which a regional climate
model is embedded within a global model and takes its boundary conditions from the
global model; and physical-statistical downscaling, in which instrumental records are in-
terpreted using a statistical regression technique informed by an understanding of the
factors that affect local climate [2]. Recent work within the RWM programme has fo-
cused on the development of an emulator of global long-term climate change that in-
terpolates between results of individual detailed model simulations. This approach is
best matched to a physical-statistical approach to downscaling in which the choice of
variables to be used in the statistical analysis is informed by physical insights into the
factors determining climate at a local scale.

Research Driver

Climate projections are used to support performance assessment models of the dis-
posal system and it is necessary to downscale from global climate model output scales
to specific site/area scales.

Research Objective

The objective of this work is to identify an approach for downscaling the global projec-
tions to regional and site-scales in the UK in order to provide information that may be
needed for site-specific assessments.

Scope

The scope of work includes (but is not limited to) the following:

e To provide a detailed methodology as to how downscaling of climatic characteris-
tics from a regional (100-200 km) to a local (5-10 km) scale can be achieved for
different future carbon emissions scenarios.

e To show how the resulting downscaled climate predictions can be used to deter-
mine how the landscape local to a GDF would change.

e To apply the downscaling technique to the (assumed) two sites selected for intru-
sive characterisation.

Geology Application

HSR, LSSR, Evaporite

Output of Task
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A contractor report summarising the current knowledge of the topic.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 6
Task Start Task End SRL/TRL
Further Information

1 M. Thorne, R. Walke, and D. Roberts, Downscaling of climate modelling re-

sults for application to potential sites for a geological disposal facility, AMEC
and Quintessa, Contractor Report AMEC/200041/002, 2015.
2 M. Thorne and G. Towler, Evolution of the British Landscape and its Implica-
tions for Post-Closure Safety Assessment of a Geological Disposal Facility,
AMEC and Quintessa, Contractor Report AMEC/200041/003; QRS-1667A-3,
2017. [Online]. Available: https://rwm.nda.gov.uk/publication/evolution-of-the-
british-landscape-and-its-implications-for-the-post-closure-safety-assessment-
of-a-geological-disposal-facility/.
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B1.8 WBS 10.8 - Near surface hydrology

B1.8.1 BIOPROTA: Geosphere / Biosphere Interface Modelling
Task Number 10.8.001 | Status | Ongoing
WBS Level 4 Biosphere
WBS Level 5 Near-surface Hydrology
Background

Since long-term releases from disposal facilities involve transfers from the geosphere to
the biosphere, an important aspect is the combined effects of surface hydrology, near-
surface hydrogeology and chemical gradients on speciation and radionuclide mobility in
the zone in which the geosphere and biosphere overlap (the GBI). A methodology was
developed for characterising the GBI in a wide range of assessment contexts. Three
illustrative climate and landscape evolution scenarios were then described and the
methodology developed for characterising the GBI was applied to two of these three
scenarios in order to define a set of GBI sub-systems for which conceptual models
need to be developed. This then led into application of the second part of the methodol-
ogy for creation of these conceptual models. Consideration has been given to the range
of mathematical and computational tools that are available for implementing the concep-
tual models. Recommendations have been made as to how work in this area could be
developed in the future.

Research Driver

To support the post-closure safety case and its supporting performance assessment by
developing an improved understanding of the coupling between the geosphere and bio-
sphere.

Research Objective

To determine whether an improved understanding of the GBI will support the simplified
uncoupled approach used in the performance assessment.

Scope

The scope comprises the following:

e Preparation of a BIOPROTA report setting out the various types of GBI that have
been considered in previous assessments, the factors distinguishing qualitatively
different types of GBI and the ways in which these different types of GBI could be
affected by environmental change.

e A two-day workshop to refine the descriptions of the various types of GBI and
identify those to be studied in detail.

e Consideration of the scenarios that are to be taken forward for detailed study in
Task 10.6.001.

e Continuing involvement in a possible successor project within BIOPROTA.

Geology Application

HSR, LSSR, Evaporite

Output of Task

A report on the further understanding gained of the GBI and a workshop on further con-
sideration of mathematical treatment and method for hydrological mass-transport in the
near-surface, considering various GBls.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 6
Task Start Task End SRL/TRL
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Further Information

There are other publications relevant to this task [1]-[3].

1 G. Smith, K. Smith, R. Kowe, D. Perez-Sanchez, M. Thorne, Y. Thiery, and
J. Molinero, Recent developments in assessment of long-term radionuclide
behaviour in the geosphere biosphere subsystem. Journal of Environmental
Radioactivity, vol. 131, pp. 89—-109, 2014. [Online]. Available: https://www.
sciencedirect.com/science/article/pii/S0265931X130023369.

2 BIOPROTA, An exploration of approaches to representing the geosphere-
biosphere interface in assessment models - final report on the project, Version
2.0, 2014. [Online]. Available: http://www.bioprota.org/wp-content/uploads/2015/
01/BIOPROTA_GBI_Final_Report_11_December_14.pdf.

3 Bioprota web-site. [Online]. Available: http://www.bioprota.org/.
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B2 WBS 20 - Criticality Safety

Criticality safety can be defined [1] as protection against the consequences of an
inadvertent nuclear chain reaction, preferably by prevention of the chain reaction. The
generic research activities can be summarised into the following work areas:

e Transport criticality safety (WBS 20.1)

e Operational criticality safety (WBS 20.2)

e Post-closure criticality safety for LHGW(WBS 20.3)

e Post-closure criticality safety for HHGW Spent Fuel (WBS 20.4)

e Post-closure criticality safety for HHGW Plutonium and HEU(WBS 20.5)
e Criticality safety assessments (WBS 20.6)

Research activities within WBS 20.1 and 20.2 will demonstrate safety and ensure that
criticality events do not occur during the transport and operational phase of the GDF
lifecycle. The tasks will involve supporting concept development and in the latter years of
the plan will result in optimised transport criticality safety assessment for the DCTC and
SWTC as detailed in Task 20.1.006 and Task 20.1.008. WBS 20.2 will ultimately provide
the support in order to develop and optimise a draft criticality emergency plan for the GDF
(Task 20.2.005).

WBS 20.3, 20.4 and 20.5 will provide data and understanding on the likelihood of
post-closure criticality events in order to demonstrate that RWM can ensure criticality
safety in a GDF. The research activities will continue to support the low-likelihood,
low-consequence criticality limits, by reviewing proposed waste packages, as well as
maintaining support to waste packaging proposals and continuing to review and fully
document the operational criticality safety evidence base.

To ensure post-closure criticality safety for LHGW (WBS 20.3), the generic work will lead
into the review of extant criticality safety assessments against site-specific data and revise
them (if required) under the site-specific design, inventory and geological context, therefore
ensuring the post-closure criticality safety evidence base is up-to-date.

The outcome of WBS 20.4 will demonstrate that the nuclear reactivity of spent fuel is at an
acceptable level, and will support concept development for Spent Fuel disposal by
ensuring criticality safety of future fuels through the transport, operational and post-closure
phases, including the use of site-specific data (Task 20.4.005 and Task 20.4.007), with the
outcomes of these tasks inputting to the safety case.

Planned tasks within WBS 20.5 will constitute part of the Plutonium IPT

(Task 110.3.003) to support concept development by developing a criticality safety
assessment for a preferred disposal concept for plutonium residues. In the latter years of
the timescale the work will result in an in optimised criticality safety assessment for a
plutonium disposal concept based on transport considerations and site-specific data, as
well as optimised criticality safety assessments for highly-enriched uranium wastes.

Planned tasks within WBS 20.6 will support the environmental safety case by conducting
site-specific post-closure criticality consequence assessments at the point at which there
are two sites (planning assumption) in the siting programme.
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B2.1 WBS 20.1 - Transport criticality safety

B2.1.1 Scoping Criticality Safety Assessment for Robust Shielded Box
Transport Container
Task Number 20.1.001 | Status Ongoing
WBS Level 4 Criticality Safety
WBS Level 5 Transport Criticality Safety
Background

The transport of radioactive waste to a GDF must meet the requirements of national
legislation deriving from the IAEA Regulations for the Safe Transport of Radioactive Ma-
terial (Transport Regulations). The Transport Regulations place controls on the design
and operation of transport packages to ensure safety.

With respect to criticality safety, the Transport Regulations require that packages con-
taining fissile material must be demonstrated to be safely sub-critical in routine, normal
and accident conditions of transport and approved by a Competent Authority (the ONR
in the UK).

Recent work has developed a TRL 3 conceptual design for a Type B transport con-
tainer (RSBTC suitable for waste packages, including the Magnox Type VI Yellow Box®
DCICs and Sellafield Limited Self-Shielded Boxes). The current contents specification
for this transport container is for non-fissile or fissile excepted packages only, however
there are proposals to transport fissile packages in such a container and therefore work
is required to develop the criticality safety assessments for the RSBTC.

Research Driver

To support concept development by identifying waste package fissile material limits for
ILW packages transported in a RSBTC.

Research Objective

To undertake scoping studies to demonstrate criticality safety during ILW transport in a
RSBTC by the derivation of appropriate package fissile material limits.

Scope

To undertake a computational study on a set of normal operation and accident condi-
tion scenarios utilising MCNP or MONK criticality codes in order to derive appropriate
waste package fissile material limits for a range of waste packages to be transported in
a RSBTC. This scoping stage will investigate simple geometries and optimisation of pa-
rameters to give a baseline understanding of potential fissile material limits that rely on
few compliance controls.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying model
input data. The report(s) will also detail potential areas to increase package fissile ma-
terial limits if required.

SRL at SRL 3 SRL at SRL 4 Target SRL | SRL 5
Task Start Task End

64




NDA/RWM/167

Further Information

Work is to be undertaken aligned with relevant regulations and guidance [1], [2].

1 International Atomic Energy Agency, Regulations for the safe transport of ra-
dioactive material - safety requirements, IAEA Report SSR-6, 2012. [Online].
Available: https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C _
web.pdf.

2 International Atomic Energy Agency, Advisory material for the IAEA regula-
tions for the Safe Transport of Radioactive Material (2012 edition), IAEA Re-
port SSG-26, 2014. [Online]. Available: http://www-pub .iaea.org/MTCD/
publications/PDF/Pub1586web-99435183.pdf.
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B2.1.2 Detailed Criticality Safety Assessment for Robust Shielded Box
Transport Container
Task Number 20.1.002 | Status | Start date in future
WBS Level 4 Criticality Safety
WBS Level 5 Transport Criticality Safety
Background

The transport of radioactive waste to a GDF must meet the requirements of national
legislation deriving from the International Atomic Energy Agency’s Regulations for the
Safe Transport of Radioactive Material (Transport Regulations). The Transport Regula-
tions place controls on the design and operation of transport packages to ensure safety.
With respect to criticality safety, the Transport Regulations require that packages con-
taining fissile material must be demonstrated to be safely sub-critical in routine, normal
and accident conditions of transport and approved by a Competent Authority (the ONR
in the UK).

Recent work has developed a TRL 3 conceptual design for a Type B transport container
(RSBTC suitable for waste packages, including the Magnox Type VI Yellow Box®DCICs
and Sellafield Limited Self-Shielded Boxes). The current contents specification for this
transport container is for non-fissile or fissile excepted packages only, however, there
are proposals to transport fissile packages in such a container and therefore work is
required to develop the criticality safety assessments for the RSBTC.

Following Task 20.1.001, which developed scoping level calculations for the RSBTC,
this task will refine these and undertake detailed calculations to derive package fissile
material limits.

Research Driver

To support concept development by identifying waste package fissile material limits for
ILW packages transported in a RSBTC.

Research Objective

To undertake detailed studies to demonstrate criticality safety during ILW transport in a
RSBTC by the derivation of appropriate package fissile material limits.

Scope

To undertake a computational study on a set of normal operation and accident condi-
tion scenarios utilising MCNP or MONK criticality codes in order to derive appropriate
waste package fissile material limits for a range of waste packages to be transported

in a RSBTC. This detailed stage will follow Task 20.1.001, scoping stage, to investi-
gate more complex geometries and also optimisation of parameters to allow credit to
be taken for beneficial attributes such as the presence of neutron absorbers or diluents.
This will give a refined understanding of potential fissile material limits that rely on more
compliance controls. It may be identified that the scoping stage derives package fissile
material limits that are sufficient; in this case, this task will build on those modelled pa-
rameters to develop a more detailed model to align with relevant transport regulations
and guidance.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying model
input data.

SRL at SRL 4 SRL at SRL 5 Target SRL | SRL 5
Task Start Task End
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Further Information

Work is to be undertaken aligned with relevant regulations and guidance [1], [2].

1 International Atomic Energy Agency, Regulations for the safe transport of ra-
dioactive material - safety requirements, IAEA Report SSR-6, 2012. [Online].
Available: https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C _
web.pdf.

2 International Atomic Energy Agency, Advisory material for the IAEA regula-
tions for the Safe Transport of Radioactive Material (2012 edition), IAEA Re-
port SSG-26, 2014. [Online]. Available: http://www-pub .iaea.org/MTCD/
publications/PDF/Pub1586web-99435183.pdf.
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B2.1.3 Criticality Safety for the Disposal of Spent Fuel - Water
Carry-over Compliance Validation
Task Number 20.1.003 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Transport Criticality Safety
Background

The transport of radioactive waste to a GDF must meet the requirements of national
legislation deriving from the IAEA Regulations for the Safe Transport of Radioactive
Material (Transport Regulations). The Transport Regulations place controls on the de-
sign and operation of transport packages to ensure safety. With respect to criticality
safety, the Transport Regulations require that packages containing fissile material must
be demonstrated to be safely sub-critical in routine, normal and accident conditions of
transport and approved by a Competent Authority (the ONR in the UK).

Preliminary work has shown that a DCTC containing spent fuel with higher uranium-
235 enrichments cannot be shown to remain safely sub-critical. The preferred solution
has been identified to incorporate multiple high-standard water barrier features in the
DCTC design. Criticality safety analysis has shown that such features would enable a
demonstration that the packages remain safely sub-critical. A conceptual design for a
DCTC incorporating multiple high-standard water barriers features has been developed.
The use of multiple high-standard water barrier features is novel in the UK and further
work is required to demonstrate that the conceptual design can be licensed.

It has been shown that the limit on water is not zero, i.e. no water present at all, but
rather a small amount of water can be present. A significant fraction of UK spent fuel is
currently wet-stored, and therefore introduction of water through carry-over needs to be
accounted for and the package’s safety demonstrated to be robustly underpinned.

Research Driver

To support concept development for spent fuel disposal by identifying candidate safe
moderator (water) mass limits and the availability of records to demonstrate robust com-
pliance.

Research Objective

To undertake a review of water carry-over limits to define requirements and necessary
compliance records.

Scope

This task will define requirements to satisfy compliance with water carry-over limits
based on conceptual models developed previously and identify how such requirements
can be demonstrated for the range of spent fuels in the inventory for geological dis-
posal. If it is found that challenges exist with demonstrating compliance with suitable
records, further work will be developed to minimise the risk that the DCTC containing
spent fuel cannot be safely transported to the GDF.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a set of requirements for demonstrating compliance with
identified water carry-over limits and identification of whether such information is cur-
rently available. If the information is not available, it will identify possible alternatives to
demonstrating the criticality safety of spent fuel during transport to a GDF in a DCTC,
this will be documented in a contractor approved report.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1], [2]. Work is to be undertaken
aligned with relevant regulations and guidance [3], [4].

1

T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating - the -
criticality-safety-of-spent-fuel-disposal/.

D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety - for-the -disposal - of - spent-fuel -in - uk - disposal -
containers/.

International Atomic Energy Agency, Regulations for the safe transport of ra-
dioactive material - safety requirements, IAEA Report SSR-6, 2012. [Online].
Available: https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C _
web.pdf.

International Atomic Energy Agency, Advisory material for the IAEA regula-
tions for the Safe Transport of Radioactive Material (2012 edition), |IAEA Re-
port SSG-26, 2014. [Online]. Available: http://www-pub .iaea.org/MTCD/
publications/PDF/Pub1586web-99435183.pdf.
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B2.1.4 Scoping Transport Phase Criticality Safety Assessment -
Plutonium IPT
Task Number 20.1.004 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Transport Criticality Safety
Background

The transport of radioactive waste to a GDF must meet the requirements of national
legislation deriving from the IAEA Regulations for the Safe Transport of Radioactive
Material (Transport Regulations). The Transport Regulations place controls on the de-
sign and operation of transport packages to ensure safety. With respect to criticality
safety, the Transport Regulations require that packages containing fissile material must
be demonstrated to be safely sub-critical in routine, normal and accident conditions of
transport and approved by a Competent Authority (the ONR in the UK).

The NDA is evaluating options for putting the UK’s plutonium stockpile out of reach in
support of the Government’s policy for the future management of the UK’s plutonium
stockpile. Whilst the disposition of the UK'’s bulk civil grade plutonium stockpile is yet to
be determined, there is a need to develop a disposal concept for the portion of pluto-
nium which cannot be reused.

An IPT has been formed to support NDA and de-risk future activities in this area and as
part of this project, criticality safety of identified disposal concepts during the transport
phase will need to be considered.

Research Driver

To support concept development for plutonium disposal by developing outline criticality
safety controls for identified disposal concepts during the transport phase.

Research Objective

To undertake scoping studies to demonstrate criticality safety during plutonium transport
in identified disposal concepts by the derivation of appropriate package fissile material
limits.

Scope

This task will include a computational study on a set of normal operation and accident
condition scenarios utilising MCNP or MONK criticality codes in order to derive ap-
propriate waste package fissile material limits for plutonium wastes to be transported
in identified disposal concepts. This scoping stage will investigate simple geometries
and optimisation of parameters to give a baseline understanding of potential fissile
material limits. It is anticipated that during the plutonium IPT (see Task 110.4.003 and
Task 110.4.004), a preferred disposal concept or concepts will be identified and these
will be the basis of the work.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying model
input data. The report(s) will also detail potential areas to facilitate an increase in pack-
age fissile material limits if required.

SRL at SRL 3 SRL at SRL 4 Target SRL | SRL 6
Task Start Task End
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Further Information

It is anticipated that this task is likely to run in parallel with Task 20.2.004 for the oper-
ational phase and activities in the "Develop Understanding, Data & Models (as Appro-
priate) to Demonstrate Disposability of HHGW — Plutonium and HEU” activity ’lane’. It
is also dependent on disposal concepts being identified, and will only be able to start
once such disposal concepts have been defined. Work is to be undertaken aligned with
relevant regulations and guidance [1], [2].

1 International Atomic Energy Agency, Regulations for the safe transport of ra-
dioactive material - safety requirements, IAEA Report SSR-6, 2012. [Online].
Available: https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C _
web.pdf.

2 International Atomic Energy Agency, Advisory material for the IAEA regula-
tions for the Safe Transport of Radioactive Material (2012 edition), IAEA Re-
port SSG-26, 2014. [Online]. Available: http://www-pub .iaea.org/MTCD/
publications/PDF/Pub1586web-99435183.pdf.
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B2.1.5 Detailed Transport Criticality Safety Assessment for the Disposal
Container Transport Container (DCTC)
Task Number 20.1.005 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Transport Criticality Safety
Background

The transport of radioactive waste to a GDF must meet the requirements of national
legislation deriving from the IAEA Regulations for the Safe Transport of Radioactive
Material (Transport Regulations). The Transport Regulations place controls on the de-
sign and operation of transport packages to ensure safety. With respect to criticality
safety, the Transport Regulations require that packages containing fissile material must
be demonstrated to be safely sub-critical in routine, normal and accident conditions of
transport and approved by a Competent Authority (the ONR in the UK).

Previous studies have identified the preferred option for the transport and disposal of
spent fuel should RWM'’s illustrative disposal concept be used, which includes transport
in the DCTC. A scoping criticality safety assessment has been developed for the DCTC,
however, this will need to be developed further as more information becomes available
on the inventory of spent fuel for disposal and site-specific information becomes avail-
able. This work is planned on the anticipation that the DCTC is used in the selected
disposal concept; however, if this is not the case then similar work will be required for
the selected transport container.

Research Driver

To support the GDF programme by developing and maintaining transport container de-
sign to demonstrate that spent fuel can be safely transported to the GDF.

Research Objective

To undertake detailed studies to demonstrate criticality safety of spent fuel during trans-
port by the derivation of appropriate package fissile material limits and associated com-
pliance requirements.

Scope

To undertake a detailed computational study on a set of normal operation and accident
condition scenarios utilising MCNP or MONK criticality codes in order to derive appropri-
ate waste package fissile material limits for spent fuel in disposal containers. The study
will build on the existing criticality safety assessments for the DCTC based on available
data such as site-specific parameters and will also include all spent fuel in the inven-
tory for geological disposal. It will also consider how compliance with any requirements
would be demonstrated.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits for spent fuel and the methodology for deriving such limits, along with
underlying model input data. It will also identify compliance requirements.

SRL at SRL 4 SRL at SRL 5 Target SRL 6
Task Start Task End SRL/TRL
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Further Information

There are several publications relevant to this task [1], [2].Work is to be undertaken
aligned with relevant regulations and guidance [3], [4].

1

T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating - the -
criticality-safety-of-spent-fuel-disposal/.

D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety - for-the -disposal - of - spent-fuel -in - uk - disposal -
containers/.

International Atomic Energy Agency, Regulations for the safe transport of ra-
dioactive material - safety requirements, IAEA Report SSR-6, 2012. [Online].
Available: https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C _
web.pdf.

International Atomic Energy Agency, Advisory material for the IAEA regula-
tions for the Safe Transport of Radioactive Material (2012 edition), |IAEA Re-
port SSG-26, 2014. [Online]. Available: http://www-pub .iaea.org/MTCD/
publications/PDF/Pub1586web-99435183.pdf.

73



http://rwm.nda.gov.uk/publication/demonstrating-the-criticality-safety-of-spent-fuel-disposal/
http://rwm.nda.gov.uk/publication/demonstrating-the-criticality-safety-of-spent-fuel-disposal/
https://rwm.nda.gov.uk/publication/criticality-safety-for-the-disposal-of-spent-fuel-in-uk-disposal-containers/
https://rwm.nda.gov.uk/publication/criticality-safety-for-the-disposal-of-spent-fuel-in-uk-disposal-containers/
https://rwm.nda.gov.uk/publication/criticality-safety-for-the-disposal-of-spent-fuel-in-uk-disposal-containers/
https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C_web.pdf
https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1586web-99435183.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1586web-99435183.pdf

NDA/RWM/167

B2.1.6 Optimised Transport Criticality Safety Assessment for the
Disposal Container Transport Container (DCTC)

Task Number 20.1.006 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Transport Criticality Safety

Background

The transport of radioactive waste to a GDF must meet the requirements of national
legislation deriving from the IAEA Regulations for the Safe Transport of Radioactive
Material (Transport Regulations). The Transport Regulations place controls on the de-
sign and operation of transport packages to ensure safety. With respect to criticality
safety, the Transport Regulations require that packages containing fissile material must
be demonstrated to be safely subcritical in routine, normal and accident conditions of
transport and approved by a Competent Authority (the ONR in the UK).

Previous studies have identified the preferred option for the transport and disposal of
spent fuel should RWM'’s illustrative disposal concepts be used, which includes trans-
port in the DCTC. A scoping criticality safety assessment has been developed for the
DCTC and Task 20.1.005 will extend this to a detailed assessment. As more specific in-
formation becomes available and concepts are more refined, an optimised assessment
will be developed that will eventually feed into the package design report for submis-
sion. This work is planned in anticipation that the DCTC is used in the selected disposal
concept; however, if this is not the case, then similar work will be required for the se-
lected transport container.

Research Driver

To support the GDF programme by developing and maintaining transport container de-
signs to demonstrate that spent fuel can be safely transported to the GDF.

Research Objective

To undertake optimised studies to demonstrate criticality safety of spent fuel during
transport by the derivation of appropriate package fissile material limits and associated
compliance requirements.

Scope

To undertake an optimised computational study on a set of normal operation and ac-
cident condition scenarios utilising MCNP or MONK criticality codes in order to derive
appropriate waste package fissile material limits for spent fuel in disposal containers.
The study will build on the existing criticality safety assessments for the DCTC based
on available data such as site-specific parameters and will also include all spent fuel in
the inventory for geological disposal. It will also consider how compliance with any re-
quirements would be demonstrated.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits for spent fuel and the methodology for deriving such limits, along with
underlying model input data. It will also identify compliance requirements.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1], [2]. Work is to be undertaken
aligned with relevant regulations and guidance [3], [4].

1

T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating - the -
criticality-safety-of-spent-fuel-disposal/.

D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety - for-the -disposal - of - spent-fuel -in - uk - disposal -
containers/.

International Atomic Energy Agency, Regulations for the safe transport of ra-
dioactive material - safety requirements, IAEA Report SSR-6, 2012. [Online].
Available: https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C _
web.pdf.

International Atomic Energy Agency, Advisory material for the IAEA regula-
tions for the Safe Transport of Radioactive Material (2012 edition), |IAEA Re-
port SSG-26, 2014. [Online]. Available: http://www-pub .iaea.org/MTCD/
publications/PDF/Pub1586web-99435183.pdf.
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B2.1.7 Detailed Transport Criticality Safety Assessment for the Standard
Waste Transport Container (SWTC)
Task Number 20.1.007 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Transport Criticality Safety
Background

The transport of radioactive waste to a GDF must meet the requirements of national
legislation deriving from the IAEA Regulations for the Safe Transport of Radioactive
Material (Transport Regulations). The Transport Regulations place controls on the de-
sign and operation of transport packages to ensure safety. With respect to criticality
safety, the Transport Regulations require that packages containing fissile material must
be demonstrated to be safely sub-critical in routine, normal and accident conditions of
transport and approved by a Competent Authority (the ONR in the UK).

Previous work has developed a CSA for a range of ILW packages destined for transport
in the SWTC. As more specific information becomes available and concepts are more
refined, a detailed assessment will be developed that will further identify compliance
requirements to ensure that the transport of fissile wastes can be performed safely.

Research Driver

To support the GDF programme by developing and maintaining transport container de-
signs to demonstrate that ILW can be safely transported to the GDF.

Research Objective

To undertake detailed studies to demonstrate criticality safety of various ILW packages
during transport in the SWTC by the derivation of appropriate package fissile material
limits and associated compliance requirements.

Scope

To undertake a detailed computational study on a set of normal operation and accident
condition scenarios utilising MCNP or MONK criticality codes in order to derive appro-
priate waste package fissile material limits for various ILW packages during transport
in the SWTC. The study will build on the existing criticality safety assessments for the
SWTC based on available data such as site-specific parameters and will include as
many ILW waste streams as required in the inventory for geological disposal.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits for ILW packages in the SWTC and the methodology for deriving such
limits along with underlying model input data. It will also identify compliance require-
ments.

SRL at SRL 4 SRL at SRL 5 Target SRL | SRL 6
Task Start Task End

76



NDA/RWM/167

Further Information

There are several publications relevant to this task [1]-[3]. Work is to be undertaken
aligned with relevant regulations and guidance [4], [5].

1 Sellafield Limited, Part 3: Additional design information required for fissile ma-
terials, CDSA/SWTC/CRO01, 2015. [Online]. Available: https://www.nrc.gov/
docs/ML1424/ML14246A472.pdf.

2 Sellafield Limited, MONK calculations study to support a transport licence ap-
plication for the standard waste transport container, SCN-336, 2015.

3 Sellafield Limited, MONK scoping calculations study to support a transport li-
cence application for the standard waste transport container, SCN-340, 2015.

4 International Atomic Energy Agency, Regulations for the safe transport of ra-
dioactive material - safety requirements, IAEA Report SSR-6, 2012. [Online].
Available: https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C _
web.pdf.

5 International Atomic Energy Agency, Advisory material for the IAEA regula-
tions for the Safe Transport of Radioactive Material (2012 edition), IAEA Re-
port SSG-26, 2014. [Online]. Available: http://www-pub .iaea.org/MTCD/
publications/PDF/Pub1586web-99435183.pdf.
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B2.1.8 Optimised Transport Criticality Safety Assessment for the
Standard Waste Transport Container (SWTC)

Task Number 20.1.008 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Transport Criticality Safety

Background

The transport of radioactive waste to a GDF must meet the requirements of national
legislation deriving from the IAEA Regulations for the Safe Transport of Radioactive
Material (Transport Regulations). The Transport Regulations place controls on the de-
sign and operation of transport packages to ensure safety. With respect to criticality
safety, the Transport Regulations require that packages containing fissile material must
be demonstrated to be safely sub-critical in routine, normal and accident conditions of
transport and approved by a Competent Authority (the ONR in the UK).

Previous work has developed a criticality safety assessment for a range of ILW pack-
ages destined for transport in the SWTC. As more specific information becomes avail-
able and concepts are refined, a detailed assessment will be developed, Task 20.1.007.
As more specific information becomes available and concepts are more refined, an op-
timised assessment will be developed that will eventually feed into the package design
report for submission to the competent authority.

Research Driver

To support the GDF programme by developing and maintaining transport container de-
sign to demonstrate that ILW can be safely transported to the GDF.

Research Objective

To undertake optimised studies to demonstrate criticality safety of various ILW packages
during transport in the SWTC by the derivation of appropriate package fissile material
limits and associated compliance requirements.

Scope

To undertake an optimised computational study on a set of normal operation and ac-
cident condition scenarios utilising MCNP or MONK criticality codes in order to derive
appropriate waste package fissile material limits for various ILW packages during trans-
port in the SWTC. The study will build on the existing criticality safety assessments for
the SWTC based on available data such as site-specific parameters and will include as
many ILW waste streams as required in the inventory for geological disposal.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits for ILW packages in the SWTC and the methodology for deriving such
limits along with underlying data model input data. It will also identify compliance re-
quirements.

SRL/TRL at | SRL 5 SRL/TRL at | SRL 6 Target SRL 6
Task Start Task End SRL/TRL
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Further Information

There are several publications relevant to this task [1]-[3]. Work is to be undertaken
aligned with relevant regulations and guidance [4], [5].

1 Sellafield Limited, Part 3: Additional design information required for fissile ma-
terials, CDSA/SWTC/CRO01, 2015. [Online]. Available: https://www.nrc.gov/
docs/ML1424/ML14246A472.pdf.

2 Sellafield Limited, MONK calculations study to support a transport licence ap-
plication for the standard waste transport container, SCN-336, 2015.

3 Sellafield Limited, MONK scoping calculations study to support a transport li-
cence application for the standard waste transport container, SCN-340, 2015.

4 International Atomic Energy Agency, Regulations for the safe transport of ra-
dioactive material - safety requirements, IAEA Report SSR-6, 2012. [Online].
Available: https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C _
web.pdf.

5 International Atomic Energy Agency, Advisory material for the IAEA regula-
tions for the Safe Transport of Radioactive Material (2012 edition), IAEA Re-
port SSG-26, 2014. [Online]. Available: http://www-pub .iaea.org/MTCD/
publications/PDF/Pub1586web-99435183.pdf.
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B2.1.9 Scoping Transport Criticality Safety Assessment for the
Preferred Plutonium Disposal Concept
Task Number 20.1.009 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Transport Criticality Safety
Background

The transport of radioactive waste to a GDF must meet the requirements of national
legislation deriving from the IAEA Regulations for the Safe Transport of Radioactive
Material (Transport Regulations). The Transport Regulations place controls on the de-
sign and operation of transport packages to ensure safety. With respect to criticality
safety, the Transport Regulations require that packages containing fissile material must
be demonstrated to be safely sub-critical in routine, normal and accident conditions of
transport and approved by a Competent Authority (the ONR in the UK).

The NDA is evaluating options for putting the UK’s plutonium stockpile out of reach in
support of the Government’s policy for the future management of the UK’s plutonium
stockpile. Whilst the disposition of the UK’s bulk civil grade plutonium stockpile is yet to
be determined, there is a need to develop a disposal concept for the portion of pluto-
nium which cannot be reused.

An IPT has been formed to support NDA and de-risk future activities in this area and
as part of this, criticality safety of identified disposal concepts during the transport
phase will need to be considered. Upon the completion of the IPT (Task 110.4.003
and Task 110.4.004), it is assumed that a preferred disposal concept or concepts will
be identified. Upon identification of the preferred concept(s), further scoping critical-
ity safety assessments will be required to ensure initial work (completed as part of
Task 110.4.003) is still applicable and also to identify future research needs.

Research Driver

To support concept development for plutonium disposal by identifying restraints and lim-
its on fissile material limits and other parameters for identified disposal concepts during
the transport phase.

Research Objective

To undertake scoping studies to demonstrate criticality safety during plutonium transport
in identified disposal concepts by the derivation of appropriate package fissile material
limits.

Scope

To undertake a computational study on a set of normal operation and accident condi-
tion scenarios utilising MCNP or MONK criticality codes in order to derive appropriate
waste package fissile material limits for plutonium wastes to be transported in identified
disposal packages. This scoping stage will investigate simple geometries and optimi-
sation of parameters to give a baseline understanding of potential fissile material limits
for the identified disposal packages from the IPT (Task 110.4.003 and Task 110.4.004)
and propose further work required to develop detailed and optimised criticality safety
assessments.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile

material limits and the methodology for deriving such limits along with underlying model
input data. The report(s) will also detail potential areas to increase package fissile ma-

terial limits if required.
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SRL at

Task Start Task End

SRL 4 SRL at SRL 5 Target SRL | SRL 6

Further Information

Work is dependent on a suitable disposal concept(s) being identified, and will only be
able to start once such disposal concept(s) have been defined. Work is to be under-
taken aligned with relevant regulations and guidance [1], [2].

1

International Atomic Energy Agency, Regulations for the safe transport of ra-
dioactive material - safety requirements, IAEA Report SSR-6, 2012. [Online].
Available: https://www-pub.iaea.org/MTCD/publications/PDF/Pub1570%5C _
web.pdf.

International Atomic Energy Agency, Advisory material for the IAEA regula-
tions for the Safe Transport of Radioactive Material (2012 edition), IAEA Re-
port SSG-26, 2014. [Online]. Available: http://www-pub .iaea.org/MTCD/
publications/PDF/Pub1586web-99435183.pdf.
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B2.2 WBS 20.2 - Operational criticality safety

B2.2.1 Review Inventory to Identify any Challenges to Criticality
Accident Alarm System (CAAS) Omission Case

Task Number 20.2.001 | Status | Ongoing

WBS Level 4 Criticality Safety

WBS Level 5 Operational Criticality Safety

Background

The principal safety claim for the OSC for a GDF to be demonstrated for the criticality
safety assessment is that "All reasonably practicable steps will have been taken to im-
plement design provisions whose function is to prevent or mitigate the consequences of
nuclear accidents (i.e. unplanned criticality)”. As the GDF will contain wastes with fissile
nuclides, the safety assessment must demonstrate that the magnitude and likelihood

of a criticality accident are less than the regulatory and RWM safety criteria whilst also
considering whole lifecycle ALARP balance of risk.

At the generic stage of research, the illustrative criticality safety assessment has iden-
tified that no significant obstacles to making future claims for compliance with targets
for tolerability of risk or the ALARP principle remain. However, as site-specific data be-
come available and designs become more detailed, the assumptions underpinning this
conclusion will need to be checked for applicability.

The materials to be disposed of in the GDF will include significant quantities of fissile
material. As such, the potential for a criticality accident requires consideration. As part
of this process it is necessary to consider the need to install a CAAS or a CIDS for the
GDF operational phase. Recent work has reviewed existing waste storage and disposal
facilities to provide insight to better inform and guide the future assessment of CAAS

or CIDS for the GDF, which concluded that an omission case is likely to be broadly
achievable [1].

Until a final design is agreed a full assessment cannot be made; however, in the
meantime, studies can be performed to de-risk the need of retrospectively installing a
CAAS/CIDS system such as preparing draft emergency plans and reviewing available
data against assumptions.

Research Driver

To support GDF design and optimisation by reviewing the need or omission of a CAAS
or a CIDS for the GDF operational phase.

Research Objective

To undertake a review of the inventory for disposal and identify any wastestreams that
may challenge the omission case.

Scope

Recent work has identified that a CAAS/CIDS omission case can likely be made for the
GDF. This work will review the assumptions underpinning this and compare against
available inventory and design information to establish if there are any wastestreams
and/or operational phases that are likely to challenge the assumption that a CAAS/CIDS
omission case can be made. If it is found that there are challenges to the assumption
this task will identify potential mitigation strategies, such as CAAS/CIDS installment in
specific areas of the GDF, etc.

Geology Application

HSR, LSSR, Evaporite

Output of Task
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The output of this task will be a report detailing the comparative study for CAAS/CIDS
omission and identification of any challenges based on available data, along with pro-
posed mitigation strategies.

SRL at SRL 4 SRL at SRL 5 Target SRL | SRL 6
Task Start Task End

Further Information

1 N. Harris, Review of Criticality Accident Alarm System Requirements with Rel-
evance to the United Kingdom Geological Disposal Facility, National Nuclear
Laboratory, NNL Report RWM/Contr/20/025, 2020.
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B2.2.2 Develop Draft Criticality Emergency Plan Based on Site-specific
Data
Task Number 20.2.002 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Operational Criticality Safety
Background

The principal safety claim for the OSC for a GDF to be demonstrated for the criticality
safety assessment is that "All reasonably practicable steps will have been taken to im-
plement design provisions whose function is to prevent or mitigate the consequences of
nuclear accidents (i.e. unplanned criticality)”. As the GDF will contain wastes with fissile
nuclides, the safety assessment must demonstrate that the magnitude and likelihood

of a criticality accident are less than the regulatory and RWM safety criteria, whilst also
considering whole lifecycle ALARP balance of risk.

At the generic stage of research, the illustrative criticality safety assessment has iden-
tified that no significant obstacles to making future claims for compliance with targets
for tolerability of risk or the ALARP principle remain. However, as site-specific data be-
come available and designs become more detailed, the assumptions underpinning this
conclusion will need to be checked for applicability.

The material to be disposed of in the GDF will include significant quantities of fissile
material. As such, the potential for a criticality accident requires consideration. As part
of this process it is necessary to consider the need to install a CAAS or a CIDS for the
GDF operational phase. Recent work has reviewed existing waste storage and disposal
facilities to provide insight to better inform and guide the future assessment of CAAS

or CIDS for the GDF, which concluded that an omission case is likely to be broadly
achievable.

Until a final design is agreed a full assessment cannot be made. However, in the mean-
time, as is incumbent on all considerations for CAAS/CIDS, even when an argument

is presented to not install a system, further consideration as to some form of Critical-

ity Emergency Plan should be made in the interests of ensuring the risks are ALARP.
Any limited measures must of course be balanced against any detrimental effects in the
interests of overall risk benefit.

Research Driver

To support GDF design and optimisation by beginning to develop a draft criticality emer-
gency plan for the GDF operational phase.

Research Objective

To undertake a review of the inventory for disposal and potential designs to begin devel-
oping a draft criticality emergency plan, based on site specific data for 5 sites (planning
assumption).

Scope

Recent work has identified that a CAAS/CIDS omission case can likely be made for the
GDF and Task 20.2.001 will review the assumptions to identify any challenges. This ac-
tivity will build on this, and using knowledge from nuclear waste storage and disposal
facilities in the UK and internationally begin to develop a draft criticality emergency plan.
This will not be a finalised document, but a draft incorporating areas that are required to
be considered in order to identify future research needs.

Geology Application

HSR, LSSR, Evaporite

Output of Task
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The output of this task will be a draft criticality emergency plan that details the proposed
approach for demonstrating that the risks of criticality during the operational phase are
ALARP. This draft will identify areas for consideration and future research needs that
will be addressed when data are available and designs are further established.

SRL/TRL at | SRL 2 SRL/TRL at | SRL 3 Target SRL 5
Task Start Task End SRL/TRL

Further Information

There are several publications relevant to this task [1]-[3].

1 N. Harris, Review of Criticality Accident Alarm System Requirements with Rel-
evance to the United Kingdom Geological Disposal Facility, National Nuclear
Laboratory, NNL Report RWM/Contr/20/025, 2020.

2 American Nuclear Society, Nuclear criticality accident emergency planning and
response, ANSI/ANS-8.23-2007; R2012, 2019.
3 ISO, Nuclear criticality safety — emergency preparedness and response, BS

1ISO-11320:2011, 2011. [Online]. Available: https://www.iso.org/obp/ui/#iso:std:
is0:11320:ed-1:v1:en.
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B2.2.3 Scoping Transient Analysis of Hypothetical Criticality
Task Number 20.2.003 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Operational Criticality Safety
Background

The principal safety claim for the operational safety case for a GDF to be demonstrated
for the criticality safety assessment is that "All reasonably practicable steps will have
been taken to implement design provisions whose function is to prevent or mitigate the
consequences of nuclear accidents (i.e. unplanned criticality)’. As the GDF will contain
wastes with fissile material, the safety assessment must demonstrate that the magni-
tude and likelihood of a criticality accident are less than the regulatory and RWM safety
criteria, whilst also considering whole lifecycle ALARP balance of risk.

At the generic stage of research, the illustrative criticality safety assessment has iden-
tified that no significant obstacles to making future claims for compliance with targets
for tolerability of risk or the ALARP principle remain. However, as site-specific data be-
come available and designs become more detailed, the assumptions underpinning this
conclusion will need to be checked for applicability.

The material to be disposed of in the GDF will include significant quantities of fissile
material. As such, the potential for a criticality accident requires consideration. As part
of this process it is necessary to consider the need to install a CAAS or a CIDS for the
GDF operational phase. Recent work has reviewed existing waste storage and disposal
facilities to provide insight to better inform and guide the future assessment of CAAS

or CIDS for the GDF, which concluded that an omission case is likely to be broadly
achievable.

Until a final design is agreed a full assessment cannot be made. However, an under-
standing of the radiological risk to workers (and the public) in various parts of the facility
in the very unlikely scenario of a criticality excursion occurring will be required to feed
into a criticality emergency plan. This is as there will be an overlap between the opera-
tional and post-closure phases of a GDF, where waste packages will continue to arrive
at the facility after some have already been emplaced, and part of the GDF could be
backfilled and closed while other parts are still in active use. During this phase, controls
on the presence of water for emplaced packages cannot be claimed to apply and there-
fore the double-contingency principle approach cannot be demonstrated.

Research Driver

To support GDF design and optimisation by beginning to understand radiological risks
of hypothetical criticality excursions to feed into a draft criticality emergency plan for the
GDF operational phase.

Research Objective

To undertake a study to analyse the radiological risks to workers (and the public) in
the highly unlikely event that a criticality accident did occur during the GDF operational
phase.

Scope

To undertake a computational study investigating the impact on radiological risk to work-
ers (and the public) for a range of hypothetical criticality excursions, based on inven-
tory data and fault schedule scenarios. This will investigate the effectiveness of the host
rock and proposed backfill materials in providing shielding and input into CAAS/CIDS
omission considerations and the criticality emergency plan.

Geology Application

HSR, LSSR, Evaporite

Output of Task
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The output of this task will be a report detailing the radiological risks from a hypotheti-
cal criticality excursion during the operational phase for the inventory for disposal. The
output will feed into the draft criticality emergency plan (Task 20.2.002) that details the
proposed approach for demonstrating that the risks of criticality during the operational
phase are ALARP.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 5
Task Start Task End SRL/TRL

Further Information

There are several publications relevant to this task [1]-[3].

1 N. Harris, Review of Criticality Accident Alarm System Requirements with Rel-
evance to the United Kingdom Geological Disposal Facility, National Nuclear
Laboratory, NNL Report RWM/Contr/20/025, 2020.

2 American Nuclear Society, Nuclear criticality accident emergency planning and
response, ANSI/ANS-8.23-2007; R2012, 2019.
3 ISO, Nuclear criticality safety — emergency preparedness and response, BS

1ISO-11320:2011, 2011. [Online]. Available: https://www.iso.org/obp/ui/#iso:std:
is0:11320:ed-1:v1:en.
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B2.2.4 Scoping Operational Phase Criticality Safety Assessment -
Plutonium IPT

Task Number 20.2.004 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Operational Criticality Safety

Background

The principal safety claim for the OSC for a GDF to be demonstrated for the criticality
safety assessment is that "All reasonably practicable steps will have been taken to im-
plement design provisions whose function is to prevent or mitigate the consequences of
nuclear accidents (i.e. unplanned criticality)”. As the GDF will contain wastes with fissile
material, the safety assessment must demonstrate that the likelihood and magnitude of
a criticality accident are less than the regulatory and RWM safety criteria, whilst also
considering whole lifecycle ALARP balance of risk.

At the generic stage of research, the illustrative criticality safety assessment has iden-
tified that no significant obstacles to making future claims for compliance with targets
for tolerability of risk or the ALARP principle remain. However, as site-specific data be-
come available and designs become more detailed, the assumptions underpinning this
conclusion will need to be checked for applicability

NDA is evaluating options for putting the UK’s plutonium stockpile out of reach in sup-
port of the Government’s policy for the future management of the UK’s plutonium stock-
pile. Whilst the disposition of the UK'’s bulk civil grade plutonium stockpile is yet to be
determined, there is a need to develop a disposal concept for the portion of plutonium
which cannot be reused.

An integrated project team has been formed to support NDA and de-risk future activities
in this area and as part of this, criticality safety of identified disposal concepts during the
transport phase will need to be considered.

Research Driver

To support concept development for plutonium disposal by identifying restraints and lim-
its on fissile material and other parameters for identified disposal concepts during the
operational phase.

Research Objective

To undertake scoping studies to demonstrate criticality safety during the operational
phase for plutonium in identified disposal concepts by the derivation of appropriate
package fissile material limits.

Scope

To undertake a computational study on a set of normal operation and accident condition
scenarios utilising MCNP or MONK criticality codes in order to derive appropriate waste
package fissile material content for plutonium wastes to be disposed of in identified dis-
posal concepts. This scoping stage will investigate simple geometries and optimisation
of parameters to give a baseline understanding of potential fissile material limits. It is
anticipated that during the plutonium IPT, a preferred disposal concept or concepts will
be identified and these will be the basis of the work.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying model
input data. The report(s) will also detail potential areas to increase package fissile ma-
terial limits if required.
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SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 6
Task Start Task End SRL/TRL

Further Information

It is anticipated that this task is likely to run in parallel with Task 20.1.001 for the trans-
port phase and activities in the "Develop Understanding, Data & Models (as Appropri-
ate) to Demonstrate Disposability of HHGW — Plutonium and HEU” activity ’lane’. It is
also dependent on disposal concepts being identified, and will only be able to start once
such disposal concepts have been defined.
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B2.2.5 Review and Update Draft Criticality Emergency Plan for Two Sites
Task Number 20.2.005 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Operational Criticality Safety
Background

The principal safety claim for the operational safety case for a geological disposal facil-
ity to be demonstrated for the criticality safety assessment is that "All reasonably prac-
ticable steps will have been taken to implement design provisions whose function is to
prevent or mitigate the consequences of nuclear accidents (i.e. unplanned criticality)”.
As the geological disposal facility will contain wastes with fissile nuclides, the safety as-
sessment must demonstrate that the magnitude and likelihood of a criticality accident
are less than the regulatory and RWM safety criteria, whilst also considering whole life-
cycle ALARP balance of risk.

At the generic stage of research, the illustrative criticality safety assessment has iden-
tified that no significant obstacles to making future claims for compliance with targets
for tolerability of risk or the ALARP principle remain. However, as site-specific data be-
come available and designs become more detailed, the assumptions underpinning this
conclusion will need to be checked for applicability.

The material to be disposed of in the geological disposal facility will include significant
quantities of fissile material. As such, the potential for a criticality accident requires con-
sideration. As part of this process it is necessary to consider the need to install a Crit-
icality Accident Alarm System or a Criticality Incident Detection System for the GDF
operational phase. Recent work has reviewed existing waste storage and disposal fa-
cilities to provide insight to better inform and guide the future assessment of CAAS

or CIDS for the GDF, which concluded that an omission case is likely to be broadly
achievable.

Until a final design is agreed a full assessment cannot be made. However, in the mean-
time, as is incumbent on all considerations for CAAS/CIDS, even when an argument

is presented to not install a system, further consideration as to some form of Critical-

ity Emergency Plan should be made in the interests of ensuring the risks are ALARP.
Any limited measures must of course be balanced against any detrimental effects in the
interests of overall risk benefit.

Research Driver

To support GDF design and optimisation by further developing a draft criticality emer-
gency plan for the GDF operational phase.

Research Objective

To undertake a review of the inventory for disposal and potential designs to further de-
velop a draft criticality emergency plan, based on site-specific data (e.g. groundwater
composition, flow and host rock thermal conductivity) for two sites (planning assump-
tion).

Scope

Recent work has identified that a CAAS/CIDS omission case can likely be made for
the GDF and Task 20.2.001 will review the assumptions to identify any assumptions.
Task 20.2.002 will begin to develop a draft criticality emergency plan and this activity
will build on this, and using site-specific data for two sites further develop a draft criti-
cality emergency plan. This will not be a finalised document, but a draft incorporating
areas that need to be considered to identify future research needs.

Geology Application

HSR, LSSR, Evaporite

Output of Task
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The output of this task will be an update to the draft criticality emergency plan from
Task 20.2.002 that details the proposed approach for demonstrating that the risks of
criticality during the operational phase are ALARP. This draft will identify areas for con-
sideration and future research needs that will be addressed when data is available and
designs are further established.

SRL at SRL 3 SRL at SRL 4 Target SRL | SRL 5
Task Start Task End

Further Information

There are several publications relevant to this task [1]-[3].

1 N. Harris, Review of Criticality Accident Alarm System Requirements with Rel-
evance to the United Kingdom Geological Disposal Facility, National Nuclear
Laboratory, NNL Report RWM/Contr/20/025, 2020.

2 American Nuclear Society, Nuclear criticality accident emergency planning and
response, ANSI/ANS-8.23-2007; R2012, 2019.
3 ISO, Nuclear criticality safety — emergency preparedness and response, BS

1ISO-11320:2011, 2011. [Online]. Available: https://www.iso.org/obp/ui/#iso:std:
is0:11320:ed-1:v1:en.
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B2.2.6 Develop and Document Appropriate Criticality Safety-related
Acceptance Criteria
Task Number 20.2.006 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Operational Criticality Safety
Background

The principal safety claim for the OSC for a GDF to be demonstrated for the criticality
safety assessment is that "All reasonably practicable steps will have been taken to im-
plement design provisions whose function is to prevent or mitigate the consequences of
nuclear accidents (i.e. unplanned criticality)”. As the GDF will contain wastes with fissile
nuclides, the safety assessment must demonstrate that the magnitude and likelihood

of a criticality accident are less than the regulatory and RWM safety criteria, whilst also
considering whole lifecycle ALARP balance of risk.

As the siting process progresses, designs are established and refined and associated
safety cases developed, it will be important to identify and document records and in-
formation that are required to demonstrate compliance against the criticality safety as-
sessments. It is envisaged that the records and knowledge defined here will become
acceptance criteria at the time that RWM moves towards Waste Acceptance Criteria.

Research Driver

To support development and compliance with the OSC by ensuring existing criticality
safety assessments can be underpinned with robust evidence.

Research Objective

To review existing criticality safety assessments and operational safety case(s) to iden-
tify and document required knowledge and records.

Scope

To undertake a review of existing criticality safety assessments and the OSC to identify
the assumptions in the modelling, the parameters modelled and the values assigned to
ensure that records exist/can exist to demonstrate compliance against these. If gaps
are identified, a work programme to address them will be developed. The scope will
also ensure that knowledge is captured adequately to ensure it is available and acces-
sible for long periods. This work will integrate with wider Disposability Assessment and
Package Records work to ensure a consistent approach is applied.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a list of compliance criteria that will eventually become
acceptance criteria for various criticality safety assessments against revised operational
safety cases, and a methodology for ensuring that the knowledge/records can be ac-
cessible for long periods of time. This will feed into any work related to developing and
refining Waste Package Specifications and Waste Acceptance Criteria.

SRL at SRL 4 SRL at SRL 5 Target SRL | SRL 5
Task Start Task End
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Further Information

This work is based on the output of the work to revise the procedures and develop the
OSC, and it cannot start until that is complete. Current criticality safety assessments
are aligned with the 2016 generic OSC [1].

1 Radioactive Waste Management, Geological Disposal: Generic Operational
Safety Case, RWM Report DSSC/202/01, 2016. [Online]. Available: http://rwm.
nda.gov.uk/publication/geological-disposal-generic-operational-safety-case-
main-report/.
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B2.2.7 Detailed Transient Analysis of Hypothetical Criticality based on
Site-specific Data
Task Number 20.2.007 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Operational Criticality Safety
Background

The principal safety claim for the operational safety case for a geological disposal facil-
ity to be demonstrated for the criticality safety assessment is that "All reasonably prac-
ticable steps will have been taken to implement design provisions whose function is to
prevent or mitigate the consequences of nuclear accidents (i.e. unplanned criticality)”.
As the geological disposal facility will contain wastes with fissile nuclides, the safety as-
sessment must demonstrate that the magnitude and likelihood of a criticality accident
are less than the regulatory and RWM safety criteria, whilst also considering whole life-
cycle ALARP balance of risk.

At the generic stage of research, the illustrative criticality safety assessment has iden-
tified that no significant obstacles to making future claims for compliance with targets
for tolerability of risk or the ALARP principle remain. However, as site-specific data be-
come available and designs become more detailed, the assumptions underpinning this
conclusion will need to be checked for applicability.

The material to be disposed of in the Geological Disposal Facility will include signifi-
cant quantities of fissile material. As such, the potential for a criticality accident requires
consideration. As part of this process it is necessary to consider the need to install a
Criticality Accident Alarm System or a Criticality Incident Detection System for the GDF
operational phase. Recent work has reviewed existing waste storage and disposal fa-
cilities to provide insight to better inform and guide the future assessment of CAAS

or CIDS for the GDF, which concluded that an omission case is likely to be broadly
achievable [1].

Until a final design is agreed a full assessment cannot be made. However, an under-
standing of the radiological risk to workers (and the public) in various parts of the facility
in the very unlikely scenario of a criticality excursion occurring will be required to feed
into a criticality emergency plan. This is as there will be an overlap between the opera-
tional and post-closure phases of a GDF, where waste packages will continue to arrive
at the facility after some have already been emplaced, and part of the GDF could be
backfilled and closed while other parts are still in active use. During this phase, controls
on the presence of water for emplaced packages cannot be claimed to apply and there-
fore the double-contingency principle approach cannot be demonstrated.

Research Driver

To support GDF design and optimisation by refining the understanding on the radiolog-
ical risks of hypothetical criticality excursions to feed into the criticality emergency plan
for the GDF operational phase.

Research Objective

To undertake a detailed study to analyse the radiological risks to workers (and the pub-
lic) in the highly unlikely event that a criticality accident did occur during the GDF opera-
tional phase.

Scope

To undertake a computational study investigating the impact on radiological risk to work-
ers (and the public) for a range of hypothetical criticality excursions, based on inventory
data. This will investigate the effectiveness of the host rock and proposed backfill mate-
rials in providing shielding and input into CAAS/CIDS omission considerations and the
criticality emergency plan. This task is a follow on to Task 20.2.003 and will refine the
excursion analysis based on available site-specific data and refined facility designs.
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Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report detailing the radiological risks from a hypotheti-
cal criticality excursion during the operational phase for the inventory for disposal. The
output will feed into the criticality emergency plan that details the proposed approach for
demonstrating that the risks of criticality during the operational phase as ALARP.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End

Further Information

The start date is dependent on the availability of site specific data such as rock charac-
terisation data. There are several publications relevant to this task [2], [3].

1 N. Harris, Review of Criticality Accident Alarm System Requirements with Rel-
evance to the United Kingdom Geological Disposal Facility, National Nuclear
Laboratory, NNL Report RWM/Contr/20/025, 2020.

2 American Nuclear Society, Nuclear criticality accident emergency planning and
response, ANSI/ANS-8.23-2007; R2012, 2019.
3 ISO, Nuclear criticality safety — emergency preparedness and response, BS

1ISO-11320:2011, 2011. [Online]. Available: https://www.iso.org/obp/ui/#iso:std:
is0:11320:ed-1:v1:en.
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B2.3 WBS 20.3 - Post-closure criticality safety for LHGW

B2.3.1 Extension of Low-Likelihood Package Envelope
Task Number 20.3.001 | Status | Ongoing
WBS Level 4 Criticality Safety
WBS Level 5 Post-closure criticality safety for LHGW
Background

RWM has a good understanding of the processes that contribute to the low likelihood of
fissile material in a GDF accumulating to give a critical configuration at some time after
the closure of the facility. Predominantly, this work has been focussed on low-heat gen-
erating waste and work by RWM has demonstrated that, for any materials potentially
requiring disposal, the likelihood and consequences of a criticality event over the next
million years are both very low. The work has been undertaken to address the require-
ment in the environment agencies’ Guidance on Requirements for Authorisation, which
requires that the safety case for the GDF demonstrates that "The possibility of a local
accumulation of fissile material such as to produce a neutron chain reaction is not a sig-
nificant concern” and that a 'what-if’ criticality scenario is considered by assessing "the
impact of a postulated criticality event on the performance of the disposal system”.

Building on the research on the likelihood and consequences of post-closure critical-

ity, RWM developed a generic low-likelihood, low-consequence package envelope for
LHGW packages that uses less restrictive probabilistic methods to derive fissile material
screening levels.

This task has been developed to recognise that RWM will need to apply the methodol-
ogy derived for waste packages that are currently identified as non-compliant with the
requirements of the package envelope. Previous work has extended the package enve-
lope for grout-entombed wastes and this task is designed to extend the envelope again,
based on input from waste producers/packagers.

Research Driver

To support the development of the environmental safety case by ensuring that the
generic low-likelihood, low-consequence package envelope is applicable to as many
waste-streams as possible.

Research Objective

To review proposed waste packages and revise the low-likelihood, low-consequence
package envelope if appropriate.

Scope

To undertake a computational study to extend the low-likelihood, low-consequence
package envelope based on knowledge of existing and future waste packages’ contents
and designs.

Geology Application

HSR, LSSR, Evaporite

Output of Task

Updated package envelope report with screening levels for existing, and updated, waste
packages. The updated information will be used to assess packaging proposals through
RWM'’s disposability assessment process.

SRL at SRL 6 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1]-[4].

1

D. Roberts, T. Baldwin, G. Carta, T. Hicks, M. Kelly, R. Mason, and T. Ware,
Gdf post-closure criticality consequences assessment, AMEC, Contractor Re-
port 203034-DB20-RPT-002, 2016. [Online]. Available: http://rwm.nda.gov.uk/
publication/gdf-post-closure-criticality-consequences-assessment/.

T. Hicks and T. Baldwin, Likelihood of criticality: The likelihood of criticality syn-
thesis report, AMEC, Contractor Report 17293-TR-023, Version 2, 2014. [On-
line]. Available: http://rwm.nda.gov.uk/publication/the-likelihood-of-criticality-
synthesis-report-rwmd003001/.

R. Mason, P. Smith, and D. Holton, Modelling of consequences of hypotheti-
cal criticality: Synthesis report for post-closure criticality consequence analysis,
AMEC, Contractor Report AMEC/SF2409/013 Issue 2, 2014. [Online]. Avail-
able: http://rwm.nda.gov. uk/publication/modelling - of - consequences - of -
hypothetical-criticality-synthesis-report-for-post-closure-criticality-consequence-
analysis-rwm005140/.

T. Hicks and S. Doudou, Development of a methodology for defining waste
package characteristics that ensure long-term criticality safety in a geologi-

cal disposal facility, Galson Sciences, Contractor Report 1402-4, Version 3.3,
2015. [Online]. Available: http://rwm.nda.gov.uk/publication/development-of-a-
methodology-for-defining-waste-package-characteristics-that-ensure-long-term-
criticality-safety-in-a-geological-disposal-facility/.
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B2.3.2 Applying the Likelihood and Consequences of Criticality Models
to Future Concept, Facility Designs and Inventories

Task Number 20.3.002 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for LHGW

Background

RWM has a good understanding of the processes that contribute to the low likelihood of
fissile material in a GDF accumulating to give a critical configuration at some time after
the closure of the facility. Predominantly, this work has been focussed on low-heat gen-
erating waste and work by RWM has demonstrated that, for any materials potentially
requiring disposal, the likelihood and consequences of a criticality event over the next
million years are both very low. The work has been undertaken to address the require-
ment in the environment agencies’ Guidance on Requirements for Authorisation, which
requires that the safety case for the GDF demonstrates that "The possibility of a local
accumulation of fissile material such as to produce a neutron chain reaction is not a sig-
nificant concern” and that a 'what-if’ criticality scenario is considered by assessing "the
impact of a postulated criticality event on the performance of the disposal system”.

Historically, RWM’s low likelihood work focused predominantly on ILW in higher strength
rock GDFs. More recent work has extended the knowledge base and RWM'’s capabil-
ity/toolkit to cover all of the higher activity wastes (e.g. LLW, ILW, DNLEU, HLW, spent
fuel, Pu and HEU) in the three illustrative geologies. This task has been developed to
recognise that RWM will need to apply these new likelihood and consequences of post-
closure criticality assessment capabilities to future concepts, facility designs and/or re-
vised inventories as they become available.

Research Driver

To support the development of the environmental safety case by applying RWM’s
methodology for estimating the likelihood of criticality (e.g. to underpin our low likelihood
position).

Research Objective

The environmental safety case needs to be able to demonstrate, substantiate and com-
municate its position that post-closure criticality is a low likelihood event and therefore
work is required to ensure this is kept live and builds on available knowledge.

Scope

To be defined on the basis of future waste disposal concepts, facility designs and/or re-
vised inventories.

Geology Application

HSR, LSSR, Evaporite

Output of Task

Updated package envelope report with screening levels for existing, and updated waste
packages. The updated information will be used to assess packaging proposals through
RWM’s disposability assessment process.

SRL at SRL 6 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1]-[4].

1

D. Roberts, T. Baldwin, G. Carta, T. Hicks, M. Kelly, R. Mason, and T. Ware,
Gdf post-closure criticality consequences assessment, AMEC, Contractor Re-
port 203034-DB20-RPT-002, 2016. [Online]. Available: http://rwm.nda.gov.uk/
publication/gdf-post-closure-criticality-consequences-assessment/.

T. Hicks and T. Baldwin, Likelihood of criticality: The likelihood of criticality syn-
thesis report, AMEC, Contractor Report 17293-TR-023, Version 2, 2014. [On-
line]. Available: http://rwm.nda.gov.uk/publication/the-likelihood-of-criticality-
synthesis-report-rwmd003001/.

R. Mason, P. Smith, and D. Holton, Modelling of consequences of hypotheti-
cal criticality: Synthesis report for post-closure criticality consequence analysis,
AMEC, Contractor Report AMEC/SF2409/013 Issue 2, 2014. [Online]. Avail-
able: http://rwm.nda.gov. uk/publication/modelling - of - consequences - of -
hypothetical-criticality-synthesis-report-for-post-closure-criticality-consequence-
analysis-rwm005140/.

T. Hicks and S. Doudou, Development of a methodology for defining waste
package characteristics that ensure long-term criticality safety in a geologi-

cal disposal facility, Galson Sciences, Contractor Report 1402-4, Version 3.3,
2015. [Online]. Available: http://rwm.nda.gov.uk/publication/development-of-a-
methodology-for-defining-waste-package-characteristics-that-ensure-long-term-
criticality-safety-in-a-geological-disposal-facility/.
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B2.3.3 Review of Existing generic Criticality Safety Assessments
(gCSAs) and Revision, if necessary

Task Number 20.3.003 | Status | Start date in the future
WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for LHGW

Background

RWM has produced a suite of generic Criticality Safety Assessments (gCSAs) that have
derived waste packaging constraints, including limits on the fissile material content of
waste packages, which must be met in order to ensure criticality safety during trans-
port to a Geological Disposal Facility, during GDF operations and after facility closure.
There are 6 gCSAs based on either common categories of waste or container type,
plus the earlier General CSA (GCSA). These have been produced over a number of
years, based on a deterministic modelling approach and are still used. These gCSAs
have been used to assist waste producers/packagers in deriving suitable package fissile
material limits for waste destined for disposal. To ensure longevity and accessibility of
the assessments, it will be required to review, update and capture relevant records and
knowledge related to this suite.

Research Driver

To support transport, operational and post-closure safety case development by review-
ing existing gCSAs to ensure they are suitable.

Research Objective

The safety cases need to be able to demonstrate, substantiate and communicate their
positions related to criticality safety and therefore work is required to ensure that exist-
ing assessments are reviewed, maintained and build on available knowledge.

Scope

To undertake a review of the six existing gCSAs and GCSA to ensure that the modelling
assumptions are valid based on current knowledge, that the suite are consistent with
each other and the approach is still justified. If it is found that work is required to ad-
dress any identified challenges, a work programme will be developed and delivered.

Geology Application

HSR, LSSR, Evaporite

Output of Task

Updated suite of gCSAs that have been reviewed for consistency and applicability, with
any identified challenges being addressed through separate reports. The updated in-
formation will be used to assess packaging proposals through RWM'’s disposability as-
sessment process and also by reviewing extant LoC.

SRL at SRL 6 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1]-[7].

1

T. Hicks, The general criticality safety assessment, Galson Sciences, Contrac-
tor Report 0914-1, Version 1.1, 2009. [Online]. Available: http://rwm.nda.gov.
uk/publication/the-general-criticality-safety-assessment/.

T. Hicks, Criticality safety assessment for waste packages containing high-
enriched uranium, Galson Sciences, Contractor Report 0560-3 Version 1,
2007. [Online]. Available: http://rwm.nda.gov.uk/publication/criticality-safety-
assessment-for-waste-packages-containing-high-enriched-uranium/.

T. Hicks, Criticality safety assessment for waste packages containing low-
enriched uranium, Galson Sciences, Contractor Report 0465-4 Version 2,
2007.

T. Hicks, Criticality safety assessment for waste packages containing irradi-
ated natural uranium, Galson Sciences, Contractor Report 0560-1 Version 1.1,
2007. [Online]. Available: http://rwm.nda.gov.uk/publication/criticality-safety-
assessment-for-waste-packages-containing-irradiated-natural-uranium-554333-
vi/.

T. Hicks, Criticality safety assessment for waste packages containing sep-
arated plutonium, Galson Sciences, Contractor Report 0560-2 Version 1.1,
2007. [Online]. Available: http://rwm.nda.gov.uk/publication/criticality-safety-
assessment-for-waste-packages-containing-separated-plutonium-t-w-hicks-
0560-2-version-1-1-554352-6497394-2007/.

T. Hicks and T. Baldwin, A generic criticality safety assessment for irradiated
natural and low-enriched uranium wastes packaged in robust shielded contain-
ers: Volume 1 - assessment, Galson Sciences, Contractor Report 1241-5, Ver-
sion 2, 2013. [Online]. Available: http://rwm.nda.gov.uk/publication/a-generic-
criticality-safety-assessment-for-irradiated-natural-and-low-enriched-uranium-
wastes-packaged-in-robust-shielded-containers-volume-1-assessment/.

T. W. Hicks, E. K. Swain-Phipps, R. A. Houghton, and T. D. Baldwin, Generic
csa for Ihgw in shielded containers, Galson Sciences, Contractor Report
RWM/Contr/20/023, 2020. [Online]. Available: http://rwm . nda. gov . uk/
publication/generic-csa-for-lhgw-in-shielded-containers/.
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B2.3.4 Review of Likelihood and Consequences Assumptions Based on
Revised Concepts, Facility Designs and Inventories

Task Number 20.3.004 | Status | Start date in the future
WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for LHGW

Background

RWM has a good understanding of the processes that contribute to the low likelihood

of fissile material in a GDF accumulating to give a critical configuration at some time af-
ter the closure of the facility. Work by RWM has demonstrated that, for any materials
potentially requiring disposal, the likelihood and consequences of a criticality event are
both very low. The work has been undertaken to address the requirement in the envi-
ronment agencies’ Guidance on Requirements for Authorisation, which requires that the
safety case for the GDF demonstrates that "The possibility of a local accumulation of
fissile material such as to produce a neutron chain reaction is not a significant concern’
and that a 'what-if’ criticality scenario is considered by assessing "the impact of a postu-
lated criticality event on the performance of the disposal system”.

Historically, RWM'’s low likelihood work focused predominantly on ILW in higher strength
rock GDFs. More recent work has extended the knowledge base and RWM'’s capabil-
ity/toolkit to cover all of the higher activity wastes (e.g. LLW, ILW, DNLEU, HLW, spent
fuel, Pu and HEU) in the three illustrative geologies. This task has been developed to
recognise that RWM will need to review the assumptions made in the likelihood and
consequences of post-closure criticality assessment based on revised concepts, facility
designs and/or revised inventories, as they become available.

Research Driver

To support the development of the environmental safety case by assessing the appli-
cability of RWM’s methodology for demonstrating the likelihood and consequences of
criticality based on current knowledge.

Research Objective

The environmental safety case needs to be able to demonstrate, substantiate and com-
municate its position that post-closure criticality is a low likelihood and low consequence
event and therefore work is required to ensure this is kept live and builds on available
knowledge.

Scope

To undertake a review of the assumptions used in RWM'’s likelihood and consequences
research against current knowledge to identify any discrepancies and propose a for-
ward work programme to address these if required. An example of this is whether the
disposal of a significant amount of plutonium in different concepts might challenge the
assumptions made in the original work.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report detailing the comparative study and identified
research needs, ensuring that the underpinning knowledge to demonstrate that post-
closure criticality is not a significant concern is up to date and clearly described .

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1]-[3].

1

D. Roberts, T. Baldwin, G. Carta, T. Hicks, M. Kelly, R. Mason, and T. Ware,
Gdf post-closure criticality consequences assessment, AMEC, Contractor Re-
port 203034-DB20-RPT-002, 2016. [Online]. Available: http://rwm.nda.gov.uk/
publication/gdf-post-closure-criticality-consequences-assessment/.

T. Hicks and T. Baldwin, Likelihood of criticality: The likelihood of criticality syn-
thesis report, AMEC, Contractor Report 17293-TR-023, Version 2, 2014. [On-
line]. Available: http://rwm.nda.gov.uk/publication/the-likelihood-of-criticality-
synthesis-report-rwmd003001/.

R. Mason, P. Smith, and D. Holton, Modelling of consequences of hypotheti-
cal criticality: Synthesis report for post-closure criticality consequence analysis,
AMEC, Contractor Report AMEC/SF2409/013 Issue 2, 2014. [Online]. Avail-
able: http://rwm.nda.gov. uk/publication/modelling - of - consequences - of -
hypothetical-criticality-synthesis-report-for-post-closure-criticality-consequence-
analysis-rwm005140/.
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B2.3.5 Scoping Criticality Safety Assessment for Metallic Uranic Fuel in
Self-Shielded Boxes

Task Number 20.3.005 | Status | Ongoing

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for LHGW

Background

RWM has previously undertaken a significant amount of work to demonstrate the post-
closure criticality safety of LHGW and there has been less focus on HHGW. However,
work by RWM has demonstrated that, for any materials potentially requiring disposal,
the likelihood and consequences of a criticality event over the next million years are
both very low. Recent work has determined the preferred design and control options to
demonstrate criticality safety of existing legacy spent fuels (PWR and AGR) if disposed
of in a UK illustrative design. The work has been undertaken to address the require-
ment in the environment agencies’ GRA, which requires that the safety case for the
GDF demonstrates that "The possibility of a local accumulation of fissile material such
as to produce a neutron chain reaction is not a significant concern” and that a 'what-

if’ criticality scenario is considered by assessing "the impact of a postulated criticality
event on the performance of the disposal system’.

Alongside AGR and PWR spent fuel, which has been the primary focus of work to date,
the inventory for disposal will also contain metallic, carbide and unconventional oxide
fuel types. These fuels, grouped for the purposes of this work as exotics, represent a
number of spent fuels from research, experimental and other reactors, typically of low
volume and with varied, currently unstudied disposal characteristics.

This can be further broken down as metallic uranic fuel (as used in Magnox reactors)
that has a low initial enrichment and therefore alternative methods for treatment and
disposal are being investigated, which is the focus of this task. Task 20.4.001 is related
to other types of fuel in the inventory that will require disposal.

There have been proposals to package spent Magnox fuel into Self-Shielded Boxes to
assist in decommissioning activities, and therefore work is proposed to identify any chal-
lenges related to the disposability of such packages. Criticality safety is a smaller part
of a wider work programme to investigate these proposals.

Research Driver

To support concept development by developing a scoping criticality safety assessment
for spent Magnox fuel in SSBs that aims to reduce overall costs and operator dose at
Sellafield.

Research Objective

To assess the criticality safety of spent Magnox fuel packaged in SSBs.

Scope

To undertake a scoping computational study on a set of normal operation and acci-
dent condition scenarios (for the transport, operational and post-closure phases) utilis-
ing MCNP or MONK criticality codes in order to derive appropriate waste package fis-
sile material limits for a range of exotic spent fuels for the leading disposal concept for
these fuels.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying model
input data. As this work is at a scoping level, the report(s) will also detail potential areas
to increase package fissile material limits if required.
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SRL at

Task Start Task End

SRL 4 SRL at SRL 5 Target SRL | SRL 6

Further Information

This work may be one task looking at the full range of exotic fuels, or may be broken
down into sub-sets based on available information. There are several publications rele-
vant to this task [1], [2]. Work will be aligned with likelihood and consequences for post-
closure as detailed in various reports on criticality [3]—[6].

1

T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating - the -
criticality-safety-of-spent-fuel-disposal/.

D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety - for-the - disposal - of -spent-fuel -in-uk-disposal -
containers/.

T. Hicks, T. Baldwin, J. Solano, and D. Bennett, Likelihood of Criticality: The
Likelihood of Ceriticality Following Disposal of HLW/SF/HEU/Pu, AMEC, Con-
tractor Report 17293-TR-022, Version 2, 2014. [Online]. Available: http://rwm.
nda.gov.uk/publication/the - likelihood - of - criticality - following - disposal - of -
sfhiwheupu-rwmd003001/.

T. Hicks and T. Baldwin, Likelihood of criticality: The likelihood of criticality syn-
thesis report, AMEC, Contractor Report 17293-TR-023, Version 2, 2014. [On-
line]. Available: http://rwm.nda.gov.uk/publication/the-likelihood-of-criticality-
synthesis-report-rwvmd003001/.

R. Mason, P. Smith, and D. Holton, Modelling of consequences of hypotheti-
cal criticality: Synthesis report for post-closure criticality consequence analysis,
AMEC, Contractor Report AMEC/SF2409/013 Issue 2, 2014. [Online]. Avail-
able: http://rwm.nda.gov. uk/publication/modelling - of - consequences - of -
hypothetical-criticality-synthesis-report-for-post-closure-criticality-consequence-
analysis-rwm005140/.

R. Mason and P. Smith, Modelling of Consequences of Hypothetical Critical-
ity: Post-closure Criticality Consequence Analysis for HLW, Spent Fuel, Pluto-
nium and HEU Disposal, AMEC, Contractor Report AMEC/SF2409/012 Issue
3, 2015. [Online]. Available: http://rwm.nda.gov.uk/publication/modelling-of-
consequences-of-hypothetical-criticality-post-closure-criticality-consequence-
analysis-for-hlw-spent-fuel-plutonium-and-heu-disposal/.
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B2.3.6 Collation of Records and Inputs against Assumptions for generic
Criticality Safety Assessments (gCSAs)

Task Number 20.3.006 | Status | Start date in the future
WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for LHGW

Background

RWM has produced a suite of generic Criticality Safety Assessments (gCSAs) that have
derived waste packaging constraints, including limits on the fissile material content of
waste packages, which must be met in order to ensure criticality safety during trans-
port to a Geological Disposal Facility, during GDF operations and after facility closure.
There are 6 gCSAs based on either common categories of waste or container type, plus
the earlier General CSA (GCSA). These have been produced over a number of years,
based on a deterministic modelling approach and are still used. These gCSAs have
been used to assist waste producers/packagers in deriving suitable package fissile ma-
terial limits for waste destined for disposal. To ensure longevity and accessibility of the
assessments it will be necessary to review, update and capture relevant records and
knowledge related to this suite.

Research Driver

To support transport, operational and post-closure safety case development by review-
ing existing gCSAs to ensure relevant records and knowledge are maintained.

Research Objective

The safety cases need to be able to demonstrate, substantiate and communicate their
positions related to criticality safety and therefore work is required to ensure that exist-
ing assessments are reviewed, maintained and build on available knowledge.

Scope

Following a review of the six existing gCSAs and GCSA to ensure that the modelling
assumptions are valid based on current knowledge, that the suite are consistent with
each other and the approach is still justified and any work to address identified gaps is
completed (Task 20.3.003), it will be critical to ensure that the records and knowledge
that underpin them are captured adequately. To perform this activity this task will review
and identify the assumptions and inputs used in the assessments and collate these in

a manner that allows them to be accessed in the long-term. This activity will align with
relevant knowledge management activities within RWM to ensure data and knowledge
are captured adequately.

Geology Application

HSR, LSSR, Evaporite

Output of Task

Identification and capture of relevant records and knowledge related to gCSAs and
GCSA that will input into safety cases. This will be captured in a form that is consistent
with requirements arising from knowledge management activities within RWM.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1]-[7].

1

T. Hicks, The general criticality safety assessment, Galson Sciences, Contrac-
tor Report 0914-1, Version 1.1, 2009. [Online]. Available: http://rwm.nda.gov.
uk/publication/the-general-criticality-safety-assessment/.

T. Hicks, Criticality safety assessment for waste packages containing high-
enriched uranium, Galson Sciences, Contractor Report 0560-3 Version 1,
2007. [Online]. Available: http://rwm.nda.gov.uk/publication/criticality-safety-
assessment-for-waste-packages-containing-high-enriched-uranium/.

T. Hicks, Criticality safety assessment for waste packages containing low-
enriched uranium, Galson Sciences, Contractor Report 0465-4 Version 2,
2007.

T. Hicks, Criticality safety assessment for waste packages containing irradi-
ated natural uranium, Galson Sciences, Contractor Report 0560-1 Version 1.1,
2007. [Online]. Available: http://rwm.nda.gov.uk/publication/criticality-safety-
assessment-for-waste-packages-containing-irradiated-natural-uranium-554333-
vi/.

T. Hicks, Criticality safety assessment for waste packages containing sep-
arated plutonium, Galson Sciences, Contractor Report 0560-2 Version 1.1,
2007. [Online]. Available: http://rwm.nda.gov.uk/publication/criticality-safety-
assessment-for-waste-packages-containing-separated-plutonium-t-w-hicks-
0560-2-version-1-1-554352-6497394-2007/.

T. Hicks and T. Baldwin, A generic criticality safety assessment for irradiated
natural and low-enriched uranium wastes packaged in robust shielded contain-
ers: Volume 1 - assessment, Galson Sciences, Contractor Report 1241-5, Ver-
sion 2, 2013. [Online]. Available: http://rwm.nda.gov.uk/publication/a-generic-
criticality-safety-assessment-for-irradiated-natural-and-low-enriched-uranium-
wastes-packaged-in-robust-shielded-containers-volume-1-assessment/.

T. W. Hicks, E. K. Swain-Phipps, R. A. Houghton, and T. D. Baldwin, Generic
csa for Ihgw in shielded containers, Galson Sciences, Contractor Report
RWM/Contr/20/023, 2020. [Online]. Available: http://rwm . nda. gov . uk/
publication/generic-csa-for-lhgw-in-shielded-containers/.
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B2.3.7 Collation of Records and Inputs against Assumptions from
Extant Criticality Safety Assessments

Task Number 20.3.007 | Status | Start date in the future
WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for LHGW

Background

RWM has produced a suite of generic Criticality Safety Assessments that have derived
waste packaging constraints, including limits on the fissile material content of waste
packages, which must be met in order to ensure criticality safety during transport to a
GDF, during GDF operations and after facility closure. There are 6 generic CSAs based
on either common categories of waste or container type, plus the earlier General CSA.
These have been produced over a number of years, based on a deterministic modelling
approach and are still used. These generic CSAs have been used to assist waste pro-
ducers/packagers in deriving suitable package fissile material limits for waste destined
for disposal. In addition to RWM'’s suite of generic work, there are also a number of
package specific CSAs that take credit for specific properties of a waste package to
allow a suitable package fissile material limit to be derived. In a similar manner to the
suite of generic work, it will be important to ensure that the underpinning records and
knowledge for these package specific CSAs are captured to ensure they can be used
as robust inputs in the development of safety cases.

Research Driver

To support transport, operational and post-closure safety case development by review-
ing extant CSAs to ensure relevant records and knowledge are maintained.

Research Objective

The safety cases need to be able to demonstrate, substantiate and communicate their
positions related to criticality safety and therefore work is required to ensure that exist-
ing assessments are reviewed, maintained and build on available knowledge.

Scope

In parallel to Task 20.3.006, which reviews RWM'’s generic work, it will be critical to en-
sure that the records and knowledge that underpin any criticality safety assessments,
which are predominantly completed outside of RWM, are captured adequately. To per-
form this activity this task will review and identify the assumptions and inputs used in
the assessments and collate these in a manner that allows them to be accessed in the
long-term.

Geology Application

HSR, LSSR, Evaporite

Output of Task

Identification and capture of relevant records and knowledge related to generic CSAs
and General CSA that will input into safety cases. This will be captured in a form that
is consistent with requirements arising from knowledge management activities within
RWM.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End

Further Information

The focus of this work will be to investigate package specific CSAs and others that are
not captured in Task 20.3.006 that have been used to support a final LoC submission.
If appropriate, those that are used for earlier stages of submission will be reviewed, but
only if sufficient progress has been made on developing these and the compliance re-
quirements associated with them.
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B2.3.8 Review and Refinement of Criticality Safety Models and
Assumptions to Maintain Capability

Task Number 20.3.008 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for LHGW

Background

RWM has completed a range of work investigating the likelihood and consequences of
post-closure criticality. As part of this, a number of models have been used that each
serve a specific purpose. The work has been undertaken to address the requirement in
the environment agencies’ Guidance on Requirements for Authorisation, which requires
that the safety case for the GDF demonstrates that "The possibility of a local accumu-
lation of fissile material such as to produce a neutron chain reaction is not a significant
concern” and that a 'what-if’ criticality scenario is considered by assessing "the impact
of a postulated criticality event on the performance of the disposal system’.

The models used for understanding the likelihood and consequences of post-closure
criticality are varied, and have largely been developed by the supply chain. These in-
clude neutron transport codes such as MCNP and MONK and probabilistic models to
evaluate the evolution of waste packages and migration of fissile material such as Gold-
Sim. Most applications are widely used, however, the specific applications for post-
closure are limited. Therefore, there is a risk that the modelling capability developed

as part of earlier work is not maintained and therefore not available when it is needed
in the future to underpin the environmental safety case. Therefore, this task has been
developed to recognise that RWM will need to maintain the models developed to under-
stand the likelihood and consequences of post-closure criticality and update them based
on revised concepts, facility designs and/or revised inventories, as they become avail-
able.

Research Driver

To support the development of the environmental safety case by ensuring that the mod-
els required to underpin understanding of RWM’s methodology for estimating the likeli-
hood and consequences of criticality are maintained.

Research Objective

The environmental safety case needs to be able to demonstrate, substantiate and com-
municate its position that post-closure criticality is a low likelihood and low consequence
event and therefore work is required to ensure this is kept live, builds on available
knowledge and modelling capability is maintained.

Scope

This task will review and revise models used for RWM’s likelihood and consequence
understanding based on current knowledge to ensure that the capability is maintained.
There may also be significant activities to host models and input data in appropriate
knowledge management systems as part of wider work.

Geology Application

HSR, LSSR, Evaporite

Output of Task

Updated and maintained modelling capability for RWM’s likelihood and consequence of
post-closure criticality understanding.

SRL at SRL 6 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1]-[5].

1

D. Roberts, T. Baldwin, G. Carta, T. Hicks, M. Kelly, R. Mason, and T. Ware,
Gdf post-closure criticality consequences assessment, AMEC, Contractor Re-
port 203034-DB20-RPT-002, 2016. [Online]. Available: http://rwm.nda.gov.uk/
publication/gdf-post-closure-criticality-consequences-assessment/.

T. Hicks and T. Baldwin, Likelihood of criticality: The likelihood of criticality syn-
thesis report, AMEC, Contractor Report 17293-TR-023, Version 2, 2014. [On-
line]. Available: http://rwm.nda.gov.uk/publication/the-likelihood-of-criticality-
synthesis-report-rwmd003001/.

R. Mason, P. Smith, and D. Holton, Modelling of consequences of hypotheti-
cal criticality: Synthesis report for post-closure criticality consequence analysis,
AMEC, Contractor Report AMEC/SF2409/013 Issue 2, 2014. [Online]. Avail-
able: http://rwm.nda.gov. uk/publication/modelling - of - consequences - of -
hypothetical-criticality-synthesis-report-for-post-closure-criticality-consequence-
analysis-rwm005140/.

P. Smith, Modelling of consequences of hypothetical criticality: User guide for
the gss model, AMEC, Contractor Report AMEC/SF2409/006 Issue 2, 2015.
[Online]. Available: http://rwm.nda.gov.uk/publication/user-guide-for-the-quasi-
steady-state-model/.

R. Mason and P. Smith, Modelling of consequences of hypothetical criticality:
User guide for the rapid transient model and the bounding approach, AMEC,
Contractor Report AMEC/SF2409/005 Issue 1, 2013. [Online]. Available: http:
//rwm.nda.gov.uk/publication/modelling-of-consequences-of-hypothetical -
criticality-user-guide-for-the-rapid-transient-model-and-the-bounding-approach-
r-m-mason-p-n-smith-AMEC-sf2409-005-issue-1-19289230-2013/.
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B2.3.9 Review of Extant Criticality Safety Assessment Assumptions
Against Site-Specific Data

Task Number 20.3.009 | Status | Start date in the future
WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for LHGW

Background

RWM has produced a suite of generic CSAs that have derived waste packaging con-
straints, including limits on the fissile material content of waste packages, which must
be met in order to ensure criticality safety during transport to a GDF, during GDF op-
erations and after facility closure. There are 6 generic CSAs based on either common
categories of waste or container type plus the earlier General CSA. These have been
produced over a number of years, based on a deterministic modelling approach and are
still used. These generic CSAs have been used to assist waste producers/packagers in
deriving suitable package fissile material limits for waste destined for disposal. In addi-
tion to RWM’s suite of generic work, there are also a number of package specific CSAs
that take credit for specific properties of a waste package to allow a suitable package
fissile material limit to be derived.

Part of safety case development will be based on demonstrating compliance with crit-
icality safety assessments, therefore it is important to ensure that criticality safety as-
sessments developed during the generic stage are still applicable when site-specific
data are available.

Research Driver

To support transport, operational and post-closure safety case development by review-
ing extant CSAs to ensure and assumptions and inputs are still applicable on knowl-
edge of site-specific data (e.g. groundwater composition, flow and host-rock thermal
conductivity).

Research Objective

The safety cases need to be able to demonstrate, substantiate and communicate their
positions related to criticality safety and therefore work is required to ensure that exist-
ing assessments are reviewed, maintained and build on available knowledge.

Scope

Following Task 20.3.006 and Task 20.3.007, which will have collated the assumptions,
inputs and record requirements for existing assessments, this activity will compare
those against site-specific data to ensure alignment and identify any gaps that will re-
quire addressing. This activity is predominantly identifying areas that are in conflict (i.e.
assumptions do not match site-specific data) and require immediate resolution, how-
ever, there will also be an opportunity to reduce some of the conservative assumptions
that were required during the generic stage of research, if applicable.

Geology Application

HSR, LSSR, Evaporite

Output of Task

This task will deliver a report detailing the comparative study between assumptions and
inputs into criticality safety assessments and available site-specific data and programme
of work to address any risks or opportunities.

SRL at SRL 6 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

The focus of this work will be to investigate RWM'’s generic CSAs and also package-
specific CSAs that have been used to support a final LoC submission. If appropriate,
those that are used for earlier stages of submission will be reviewed, but only if suffi-
cient progress has been made on developing these and the compliance requirements
associated with them.
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B2.3.10 Revision, if required, of any Extant Criticality Safety
Assessments Based on Site-Specific Data

Task Number 20.3.010 | Status | Start date in the future
WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for LHGW

Background

RWM has produced a suite of generic CSAs that have derived waste packaging con-
straints, including limits on the fissile material content of waste packages, which must
be met in order to ensure criticality safety during transport to a GDF, during GDF opera-
tions and after facility closure. There are 6 gCSAs based on either common categories
of waste or container type plus the earlier General CSA. These have been produced
over a number of years, based on a deterministic modelling approach and are still used.
These generic CSAs have been used to assist waste producers/packagers in deriving
suitable package fissile material limits for waste destined for disposal. In addition to
RWM’s suite of generic work, there are also a number of package-specific CSA that
take credit for specific properties of a waste package to allow a suitable package fissile
material limit to be derived.

Part of safety case development will be based on demonstrating compliance with criti-
cality safety assessments, and as site-specific information becomes available there may
be a risk that existing criticality safety assessments may need refinement to ensure they
can be robustly complied with. Conversely, as the work performed at the generic stage
is conservative, there may be an opportunity to refine the assessments based on site-
specific data to increase package fissile material limits or demonstrate an increased
margin of safety.

Research Driver

To support transport, operational and post-closure safety case development by revis-
ing any extant CSAs to ensure that assumptions and inputs are still applicable based
on knowledge of site-specific data (e.g. groundwater composition, flow and host-rock
thermal conductivity). It is recognised that there may be some over-conservatism in the
existing approach due to the generic nature and reducing this would support waste pro-
ducers in maximising packaging efficiency.

Research Objective

The safety cases need to be able to demonstrate, substantiate and communicate their
positions related to criticality safety and therefore work is required to ensure that exist-
ing assessments are reviewed, maintained and build on available knowledge.

Scope

Following Task 20.3.009, which will have collated the assumptions, inputs and record
requirements for existing assessments based on site-specific data, this activity will un-
dertake computational studies to revise any criticality safety assessments that are iden-
tified. This activity is predominantly resolving areas that are in conflict (i.e. assumptions
do not match site-specific data) and require immediate resolution, however there will
also be an opportunity to reduce some of the conservative assumptions that were re-
quired during the generic stage of research, if applicable.

Geology Application

HSR, LSSR, Evaporite

Output of Task

This task will deliver a revised suite of criticality safety assessments based on site-
specific data that are more targeted than the generic work delivered previously.

SRL at SRL 6 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End

113



NDA/RWM/167

Further Information

The focus of this work will be to investigate RWM'’s generic CSAs and also package-
specific CSAs that have been used to support a final LoC submission. If appropriate,
those that are used for earlier stages of submission will be reviewed, but only if suffi-
cient progress has been made on developing these and the compliance requirements
associated with them.
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B2.4 WBS 20.4 - Post-closure criticality safety for HHGW - Spent Fuel

B2.4.1 Criticality Safety for the Disposal of Spent Fuel - Scoping
Criticality Safety Assessment for Exotics

Task Number 20.4.001 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for HHGW - Spent Fuel

Background

RWM has previously undertaken a significant amount of work to demonstrate the post-
closure criticality safety of LHGW and there has been less focus on HHGW. However,
work by RWM has demonstrated that, for any materials potentially requiring disposal,
the likelihood and consequences of a criticality event over the next million years are
both very low. Recent work has determined the preferred design and control options to
demonstrate criticality safety of existing legacy spent fuels (PWR and AGR) if disposed
of in a UK illustrative design. The work has been undertaken to address the require-
ment in the environment agencies’ GRA, which requires that the safety case for the
GDF demonstrates that "The possibility of a local accumulation of fissile material such
as to produce a neutron chain reaction is not a significant concern” and that a 'what-
if’ criticality scenario is considered by assessing "the impact of a postulated criticality
event on the performance of the disposal system”.

Alongside AGR and PWR spent fuel, which has been the primary focus of work to date,
the inventory for disposal will also contain metallic, carbide and unconventional oxide
fuel types. These fuels, grouped for the purposes of this work as exotics, represent a
number of spent fuels from research, experimental and other reactors, typically of low
volume and with varied, currently unstudied disposal characteristics.

This can be further broken down as metallic uranic fuel (as used in Magnox reactors)
that has a low initial enrichment and therefore alternative methods for treatment and
disposal are being investigated, which is the focus of Task 20.3.005. This activity is re-
lated to other types of fuel in the inventory that will require disposal.

Research Driver

To support concept development by developing a criticality safety assessment for a pre-
ferred disposal concept for the range of exotics.

Research Objective

To assess the criticality safety of the preferred disposal concept for the range of exotics.

Scope

To undertake a scoping computational study on a set of normal operation and acci-
dent condition scenarios (for the transport, operational and post-closure phases) utilis-
ing MCNP or MONK criticality codes in order to derive appropriate waste package fis-
sile material limits for a range of exotic spent fuels for the leading disposal concept for
these fuels.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying model
input data. As this work is at a scoping level the report(s) will also detail potential areas
to increase package fissile material limits if required.

SRL at SRL 4 SRL at SRL 5 Target SRL | SRL 6
Task Start Task End
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Further Information

This work may be one task looking at the full range of exotic fuels, or may be broken
down into sub-sets based on available information. There are several publications rele-
vant to this task [1], [2]. Work will be aligned with likelihood and consequences for post-
closure [3]-[6].

1

T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating - the -
criticality-safety-of-spent-fuel-disposal/.

D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety - for-the - disposal - of - spent-fuel -in-uk -disposal -
containers/.

T. Hicks, T. Baldwin, J. Solano, and D. Bennett, Likelihood of Criticality: The
Likelihood of Criticality Following Disposal of HLW/SF/HEU/Pu, AMEC, Con-
tractor Report 17293-TR-022, Version 2, 2014. [Online]. Available: http://rwm.
nda.gov.uk/publication/the - likelihood - of - criticality - following - disposal - of -
sfhiwheupu-rwmd003001/.

T. Hicks and T. Baldwin, Likelihood of criticality: The likelihood of criticality syn-
thesis report, AMEC, Contractor Report 17293-TR-023, Version 2, 2014. [On-
line]. Available: http://rwm.nda.gov.uk/publication/the-likelihood-of-criticality-
synthesis-report-rwvmd003001/.

R. Mason, P. Smith, and D. Holton, Modelling of consequences of hypotheti-
cal criticality: Synthesis report for post-closure criticality consequence analysis,
AMEC, Contractor Report AMEC/SF2409/013 Issue 2, 2014. [Online]. Avail-
able: http://rwm.nda.gov. uk/publication/modelling - of - consequences - of -
hypothetical-criticality-synthesis-report-for-post-closure-criticality-consequence-
analysis-rwm005140/.

R. Mason and P. Smith, Modelling of Consequences of Hypothetical Critical-
ity: Post-closure Criticality Consequence Analysis for HLW, Spent Fuel, Pluto-
nium and HEU Disposal, AMEC, Contractor Report AMEC/SF2409/012 Issue
3, 2015. [Online]. Available: http://rwm.nda.gov.uk/publication/modelling-of-
consequences-of-hypothetical-criticality-post-closure-criticality-consequence-
analysis-for-hlw-spent-fuel-plutonium-and-heu-disposal/.
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B2.4.2 Criticality Safety for the Disposal of Spent Fuel - Burn-up Credit
Validation
Task Number 20.4.002 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Post-closure criticality safety for HHGW - Spent Fuel
Background

RWM has previously undertaken a significant amount of work to demonstrate the post-
closure criticality safety of LHGW and there has been less focus on HHGW. However,
work by RWM has demonstrated that, for any materials potentially requiring disposal,
the likelihood and consequences of a criticality event over the next million years are
both very low. Recent work has determined the preferred design and control options to
demonstrate criticality safety of existing legacy spent fuels (PWR and AGR) if disposed
of in a UK illustrative design. The work has been undertaken to address the require-
ment in the environment agencies’ GRA, which requires that the safety case for the
GDF demonstrates that " The possibility of a local accumulation of fissile material such
as to produce a neutron chain reaction is not a significant concern” and that a 'what-

if’ criticality scenario is considered by assessing "the impact of a postulated criticality
event on the performance of the disposal system’.

For the post-closure phase, it has been identified that taking credit for the decrease in
reactivity due to the formation of fission products and actinides in fuel during irradiation
(known as burn-up credit) is required to demonstrate meeting the requirements of the
GRA. Since the information will need to be recorded for the post-closure phase there
may also be a possibility of using burn-up credit in other phases. However, such burn-
up credit arguments require a detailed record of the spent fuel irradiation history and a
robust management control.

Research Driver

To support concept development for spent fuel disposal by identifying required burn-up
credit information and the availability of records to demonstrate robust compliance.

Research Objective

To undertake a review of the burn-up credit approach to define requirements and neces-
sary compliance records and identify any existing gaps.

Scope

This task will define requirements to satisfy compliance with burn-up credit arguments
based on conceptual models developed previously and will identify if such requirements
can be demonstrated for the range of spent fuels in the inventory for geological dis-
posal. This work will primarily focus on the post-closure phase, however, the transport
and operational phases will be considered concurrently to assess applicability. If it is
found that challenges exist with demonstrating compliance with suitable records, further
work will be developed to minimise the risk that the spent fuel cannot be safely trans-
ported to, and disposed of in, the GDF.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a set of requirements for demonstrating compliance with

identified burn-up credit arguments and identification of whether such information is cur-
rently available. If the information is not available, it will identify possible alternatives to
demonstrating the criticality safety of spent fuel.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1], [2]. Work will focus on post-
closure as burn-up credit will be required; however, consideration of applicability to
other phases will be included.

1 T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating - the -
criticality-safety-of-spent-fuel-disposal/.

2 D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety - for-the - disposal - of - spent-fuel -in-uk -disposal -
containers/.
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B2.4.3 Underpinning the Persistence of Iron-corrosion Products to aid
Criticality Safety Assessments

Task Number 20.4.003 | Status | Start date in the future
WBS Level 4 Criticality Safety

WBS Level 5 Post-closure criticality safety for HHGW - Spent Fuel
Background

RWM has previously undertaken a significant amount of work to demonstrate the post-
closure criticality safety of LHGW and there has been less focus on HHGW. However,
work by RWM has demonstrated that, for any materials potentially requiring disposal,
the likelihood and consequences of a criticality event over the next million years are
both very low. Recent work has determined the preferred design and control options to
demonstrate criticality safety of existing legacy spent fuels (PWR and AGR) if disposed
of in a UK illustrative design. The work has been undertaken to address the require-
ment in the environment agencies’ GRA, which requires that the safety case for the
GDF demonstrates that "The possibility of a local accumulation of fissile material such
as to produce a neutron chain reaction is not a significant concern” and that a 'what-

if’ criticality scenario is considered by assessing "the impact of a postulated criticality
event on the performance of the disposal system’.

One potentially important assumption concerns the fate of iron corrosion products.

The waste packages contain significant quantities of iron; iron corrosion products have
largely been assumed to be dissolved and removed from corroded waste packages,
which may be cautious. Early analysis of the behaviour of iron corrosion products un-
der disposal conditions has indicated that iron would remain in solid form for long pe-
riods. The persistence of iron may significantly reduce the likelihood of criticality within
a waste package and therefore underpinning this assumption would have benefits. The
application of such an argument would predominantly be for HHGW, however it may
also have applications for LHGW such as waste packaged in Self-Shielded Boxes.

Research Driver

To support criticality safety assessments for the post-closure phase by underpinning as-
sumptions around the persistence of iron-corrosion products.

Research Objective

To assess whether utilising arguments related to the persistence of iron-corrosion prod-
ucts can be robustly underpinned.

Scope

To undertake a review of available literature and information on the persistence of iron-
corrosion products under disposal conditions to assess whether assumptions that a
percentage remain can be robustly defended. If it is found that there is limited informa-
tion in the literature, a programme of work will be developed. This programme of work
would set out the requirements to develop the underpinning knowledge, with such work
being completed as part of another task sheet. It should be noted that demonstrating
that 100% of the iron remains will not be required, as even using 10% persistence has
significant benefits.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report detailing the state-of-the-art knowledge on the
persistence of iron-corrosion products under disposal conditions. If required, a work pro-
gramme for further development will also be generated.

SRL at SRL 4 SRL at SRL 5 Target SRL | SRL 6
Task Start Task End
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Further Information

Utilising the persistence of iron-corrosion products has been assessed in recent spent
fuel criticality safety assessments. There are several publications relevant to this task
[1], [2]. Work will be aligned with likelihood and consequences for post-closure [3]-[6].

1

T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating - the -
criticality-safety-of-spent-fuel-disposal/.

D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety - for-the - disposal - of - spent-fuel -in-uk -disposal -
containers/.

T. Hicks, T. Baldwin, J. Solano, and D. Bennett, Likelihood of Criticality: The
Likelihood of Criticality Following Disposal of HLW/SF/HEU/Pu, AMEC, Con-
tractor Report 17293-TR-022, Version 2, 2014. [Online]. Available: http://rwm.
nda.gov. uk/publication/the - likelihood - of - criticality - following - disposal - of -
sfhiwheupu-rwmd003001/.

T. Hicks and T. Baldwin, Likelihood of criticality: The likelihood of criticality syn-
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B2.4.4 Criticality Safety for the Disposal of Spent Fuel - Extending
Burn-up Credit to Future/Different Fuels

Task Number 20.4.004 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure Criticality Safety for HHGW - Spent Fuel

Background

RWM has previously undertaken a significant amount of work to demonstrate the post-
closure criticality safety of LHGW and there has been less focus on HHGW. However,
work by RWM has demonstrated that, for any materials potentially requiring disposal,
the likelihood and consequences of a criticality event over the next million years are
both very low. Recent work has determined the preferred design and control options to
demonstrate criticality safety of existing legacy spent fuels (PWR and AGR) if disposed
of in a UK illustrative design. The work has been undertaken to address the require-
ment in the environment agencies’ GRA, which requires that the safety case for the
GDF demonstrates that "The possibility of a local accumulation of fissile material such
as to produce a neutron chain reaction is not a significant concern” and that a 'what-

if’ criticality scenario is considered by assessing "the impact of a postulated criticality
event on the performance of the disposal system”.

For the post-closure phase, it has been identified for existing fuels that taking credit
for the decrease in reactivity due to the formation of fission products and actinides in
fuel during irradiation (known as burn-up credit) is required to demonstrate meeting the
requirements of the GRA. Since the information will need to be recorded for the post-
closure phase there may also be a possibility of using burn-up credit in other phases.

As and when different and future fuels are included in the inventory, the applicability of
the burn-up credit approach will need to be reviewed and identified gaps addressed.

Research Driver

To support concept development for spent fuel disposal by extending the burn-up credit
approach to future/different fuels and identifying the availability of records to demon-
strate robust compliance.

Research Objective

To review the applicability of the burn-up credit approach to future/different fuels and
identify any gaps. The work will also define requirements and necessary compliance
records for any fuels which utilise the approach.

Scope

This task will define requirements to satisfy compliance with burn-up credit arguments
based on conceptual models developed previously and identify if such requirements can
be demonstrated for the range of spent fuels in the inventory for geological disposal.
This work will primarily focus on the post-closure phase; however, the transport and op-
erational phases will be considered concurrently to assess applicability. If it is found that
challenges exist with demonstrating compliance with suitable records further work will
be developed to minimise the risk that the spent fuel cannot be safely transported to,
and disposed of in, a GDF.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a set of requirements for demonstrating compliance with

identified burn-up credit arguments and identification of whether such information is cur-
rently available for any future and different fuels requiring disposal. If the information is
not available it will identify possible alternatives to demonstrating the criticality safety of
spent fuel.
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SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End

Further Information

There are several publications relevant to this task [1], [2]. Work will focus on post-
closure as burn-up credit will be required, however, consideration of applicability to
other phases will be included. It is anticipated that this would work would be supported
by the New Build Company that owns any future fuels.

1 T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating - the -
criticality-safety-of-spent-fuel-disposal/.

2 D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety - for-the - disposal - of - spent-fuel -in-uk-disposal -
containers/.
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B2.4.5 Criticality Safety for the Disposal of Spent Fuel — Assessment for
Future Fuels (if required)

Task Number 20.4.005 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure Criticality Safety for HHGW - Spent Fuel

Background

RWM has previously undertaken a significant amount of work to demonstrate the post-
closure criticality safety of LHGW and there has been less focus on HHGW. However,
work by RWM has demonstrated that, for any materials potentially requiring disposal,
the likelihood and consequences of a criticality event over the next million years are
both very low. Recent work has determined the preferred design and control options to
demonstrate criticality safety of existing legacy spent fuels (PWR and AGR) if disposed
of in a UK illustrative design.

The work has been undertaken to address the requirement in the environment agen-
cies’ GRA, which requires that the safety case for the GDF demonstrates that "The pos-
sibility of a local accumulation of fissile material such as to produce a neutron chain re-
action is not a significant concern” and that a ‘'what-if’ criticality scenario is considered
by assessing "the impact of a postulated criticality event on the performance of the dis-
posal system’”.

Work up to this point would have been focussed on available information, predominantly
legacy spent fuels. However, dependent on decisions on new-build reactors and po-
tential re-use of existing stocks of fissile material new fuels may be introduced into the
inventory for disposal.

Research Driver

To support concept development for spent fuel disposal by ensuring criticality safety of
future fuels through the transport, operational and post-closure phases.

Research Objective

To assess the impact of introducing future fuels into the inventory for disposal and the
applicability of any existing criticality safety assessments. To develop alternative critical-
ity control options, if required, which may be utilised in order to optimise the disposabil-
ity of future fuels.

Scope

This task will first assess future fuels against existing criticality safety assessments/op-
tions for legacy fuels to identify if an existing assessment is applicable. If not, this task
will undertake computational modelling on a set of normal operation and accident con-
dition scenarios (for the transport, operational and post-closure phases) utilising MCNP
or MONK criticality codes in order to derive appropriate waste package fissile material
limits for a range of future spent fuels for the leading disposal concept for these fuels.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits along with underlying data
model input data.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

This work is dependent on decisions on future fuels being made and may be performed
on a single type of fuel or a range of fuels. There are several publications relevant to
this task [1], [2]. Work will focus on post-closure as burn-up credit will be required; how-
ever, consideration of applicability to other phases will be included. It is anticipated that
this would work would be supported by the New Build Company that owns any future
fuels.

1 T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating-the -
criticality-safety-of-spent-fuel-disposal/.

2 D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety - for-the - disposal - of -spent-fuel -in-uk -disposal -
containers/.
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B2.4.6 Criticality Safety for the Disposal of Spent Fuel - Refined
Assessments Based on Available Records

Task Number 20.4.006 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure Criticality Safety for HHGW - Spent Fuel

Background

During the generic stage of the GDF programme, certain assumptions are made to al-
low package fissile material limits to be developed that de-risk the concern that pack-
ages made will not be disposable in the future. For spent fuel, a range of scoping crit-
icality safety assessments/options will have been developed for a range of spent fuels
requiring disposal. The work has been undertaken to address the requirement in the
environment agencies’ Guidance on Requirements for Authorisation, which requires that
the safety case for the GDF demonstrates that "The possibility of a local accumulation
of fissile material such as to produce a neutron chain reaction is not a significant con-
cern” and that a 'what-if’ criticality scenario is considered by assessing "the impact of a
postulated criticality event on the performance of the disposal system’.

Some of the assumptions are based on certain information or records being available,
however a full study of whether such records are available will be reviewed as part of
Task 20.1.003 and Task 20.4.002.

Research Driver

To support concept development for spent fuel disposal by optimising the criticality
safety arguments of spent fuel through the transport, operational and post-closure
phases using available records knowledge.

Research Objective

The safety cases need to be able to demonstrate, substantiate and communicate their
positions related to criticality safety and therefore work is required to ensure that exist-
ing assessments are reviewed, maintained and build on available knowledge.

Scope

To undertake a review of whether available records will be sufficient to robustly demon-
strate criticality safety based on the assessments performed. If gaps are identified, this
task will undertake refined assessments using computational modelling on a set of nor-
mal operation and accident condition scenarios (for the transport, operational and post-
closure phases) utilising MCNP or MONK criticality codes in order to derive appropriate
waste package fissile material limits for a range of spent fuels for the leading disposal
concept for these fuels based on available records.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the output of the review and
applicability of assessments based on available records and suggested future needs.

It will then follow with a report (or reports) detailing the derived package fissile material
limits and the methodology for deriving such limits, along with underlying model input
data.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

This work is dependent on available record data becoming available and may be per-
formed on a single type of fuel or a range of fuels at the same time. It is envisaged that
this work will aim to reduce conservatisms within existing generic work; however, the
first stage to review against assumptions will identify any gaps that will require address-
ing as well. There are several publications relevant to this task [1], [2]. Work will focus
on post-closure as burn-up credit will be required, however, consideration of applicability
to other phases will be included.

1 T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating - the -
criticality-safety-of-spent-fuel-disposal/.

2 D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety -for-the - disposal - of - spent-fuel -in-uk -disposal -
containers/.
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B2.4.7 Criticality Safety for the Disposal of Spent Fuel - Detailed
Assessments Based on Site-specific Data

Task Number 20.4.007 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure Criticality Safety for HHGW - Spent Fuel

Background

During the generic stage of the GDF programme, certain assumptions are made to al-
low package fissile material limits to be developed that de-risk the concern that pack-
ages made will not be disposable in the future. For spent fuel, a range of scoping crit-
icality safety assessments/options will have been developed for a range of spent fuels
requiring disposal. The work has been undertaken to address the requirement in the
environment agencies’ Guidance on Requirements for Authorisation, which requires that
the safety case for the GDF demonstrates that " The possibility of a local accumulation
of fissile material such as to produce a neutron chain reaction is not a significant con-
cern” and that a 'what-if’ criticality scenario is considered by assessing "the impact of a
postulated criticality event on the performance of the disposal system’.

As site-specific data (e.g. groundwater composition, flow and host rock thermal con-
ductivity) become available, more detailed assessments can be performed based on
increased knowledge.

Research Driver

To support concept development for spent fuel disposal by optimising the criticality
safety arguments of spent fuel through the transport, operational and post-closure
phases using site-specific knowledge.

Research Objective

The safety cases need to be able to demonstrate, substantiate and communicate their
positions related to criticality safety and therefore work is required to ensure that exist-
ing assessments are reviewed, maintained and build on available knowledge.

Scope

To undertake computational modelling on a set of normal operation and accident con-
dition scenarios (for the transport, operational and post-closure phases) utilising MCNP
or MONK criticality codes in order to derive appropriate waste package fissile material
limits for a range of spent fuels for the leading disposal concept for these fuels based
on site-specific data.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying data
model input data.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

This work is dependent on site-specific data becoming available and may be performed
on a single type of fuel or a range of fuels at the same time. It is envisaged that this
work will aim to reduce conservatisms within existing generic work, however, the first
stage of reviewing assumptions for applicability will identify any identified gaps that will
require addressing as well. There are several publications relevant to this task [1], [2].
Work will focus on post-closure as burn-up credit will be required; however, considera-
tion of applicability to other phases will be included. It is anticipated that this work would
be supported by the New Build Company that owns any future fuels.

1 T. W. Hicks, S. Doudou, and W. S. Walters, Demonstrating the criticality safety
of spent fuel disposal, Orchid, Contractor Report GSL-1649-5-V3.1, Jan. 2018.
[Online]. Available: http://rwm.nda.gov.uk/publication/demonstrating - the -
criticality-safety-of-spent-fuel-disposal/.

2 D. Hanlon, S. Lonsdale, R. Mason, D. Putley, and A. Thallon, Criticality safety
for the disposal of spent fuel in UK disposal containers, Wood, Contractor Re-
port RWM/Contr/20/016, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/criticality - safety -for-the -disposal - of - spent-fuel -in-uk-disposal -
containers/.
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B2.5 WBS 20.5 - Post-closure criticality safety for HHGW - Plutonium and

HEU
B2.5.1 Scoping Post-closure In-package Criticality Safety Assessment
Task Number 20.5.001 | Status | Ongoing
WBS Level 4 Criticality Safety
WBS Level 5 Post-closure Criticality Safety for HHGW - Plutonium and
HEU
Background

The fissile material content of separated plutonium is considerable. Per unit mass of
disposed wasteform, immobilised plutonium will have a higher fissile material concentra-
tion than other forms of HHGW earmarked for disposal in a GDF (spent fuel and vitrified
HLW) over the whole post-closure period. In the post-closure safety case for the GDF,
it will be necessary to demonstrate that criticality would be of low-likelihood and low-
consequence. Criticality assessments for the post-closure period typically consider two
sets of scenarios: ‘in-package’ scenarios after groundwater has penetrated into pack-
ages and comes into contact with the wasteform(s) within, and the package contents
have subsequently evolved; and ‘out-of-package’ scenarios in which fissile material has
been transported in groundwater out of the packages and redeposited elsewhere (e.g.
in the backfill/buffer material surrounding the containers).

Research Driver

To support concept development by developing a criticality safety assessment for a pre-
ferred disposal concept for plutonium.

Research Objective

To explore fully what ‘in-package’ scenarios might be examined in a GDF post-closure
safety case; what credit might be taken for features of the package and the waste-
form(s) it contains (disposal MOX or titanate ceramics) that could reduce the ‘reactiv-
ity’ of the system from a criticality perspective in those scenarios; and what sub-critical
masses might be obtained in the scenarios.

Scope

To undertake the following three activities:

e Explore what ‘in-package’ criticality scenarios might be examined in a GDF post-
closure safety case. This should consider a range of scenarios that take different
types and amounts of credit for features of the package and wasteform(s) that
reduce the ‘reactivity’ of the system from a criticality perspective (e.g. doping of
the wasteform with neutron poisons), including at least one scenario that makes
extremely pessimistic assumptions about fissile material geometry, moderation,
etc.

e Perform criticality calculations for the scenarios identified for which calculations
have not previously been performed [1]. This should include calculating the min-
imum sub-critical mass for each scenario and examining the sensitivity of the re-
sults to realistic ranges of input parameters within each scenario (e.g. the con-
centration of neutron poisons within the wasteform).

e Using the output from the above two activities, and relevant previous work [1],
explore the optimum solution for reducing the ‘reactivity’ of the system from a crit-
icality perspective in ‘in-package’ scenarios. This should consider a number of
potentially competing factors that might influence where the optimum lies: inter
alia ease, simplicity and robustness of the safety case; and the mass of fissile
material per package that can be shown to give a low likelihood of criticality in
the examined scenario(s).
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Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits along with underlying model
input data. As this work is at a scoping level, the report(s) will also detail potential areas
to increase package fissile material limits if required.

SRL at SRL 3 SRL at SRL 4 Target SRL | SRL 6
Task Start Task End

Further Information

There are several publications relevant to this task [2].

1 T. Hicks et al., Criticality sensitivity study for a cold pressed and sintered pluto-
nium product, Galson Sciences, 1801-1, 2018.
2 M. Sarsfield et al., A Study on the Choice of Neutron Poisons for Plutonium

Immobilisation, NNL 14743, 2019.
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B2.5.2 Scoping Post-closure Out-of-package Criticality Safety
Assessment
Task Number 20.5.002 | Status | Ongoing
WBS Level 4 Criticality Safety
WBS Level 5 Post-closure Criticality Safety for HHGW - Plutonium and
HEU
Background

The fissile material content of separated plutonium is considerable. Per unit mass of
disposed wasteform, immobilised plutonium will have a higher fissile material concentra-
tion than other forms of HHGW earmarked for disposal in a GDF (spent fuel and vitrified
HLW) over the whole post-closure period. In the post-closure safety case for the GDF,
it will be necessary to demonstrate that criticality would be of low-likelihood and low-
consequence. Criticality assessments for the post-closure period typically consider two
sets of scenarios: ‘in-package’ scenarios after groundwater has penetrated into pack-
ages and comes into contact with the wasteform(s) within and the package contents
have subsequently evolved; and ‘out-of-package’ scenarios in which fissile material has
been transported in groundwater out of the packages and redeposited elsewhere (e.g.
in the backfill/lbuffer material surrounding the containers).

Research Driver

To support concept development by developing a criticality safety assessment for a pre-
ferred disposal concept for plutonium.

Research Objective

To understand in what envelopes of ‘parameter-space’ fissile material release from can-
didate immobilised plutonium wasteforms in a GDF (disposal MOX or titanate ceram-
ics) could be ‘solubility-limited’ and ‘wasteform-dictated’ and how that might depend on
repository type/conditions. Work to increase understanding in: exploring the options for
U-238 dilution; inclusion of neutron absorbers; and the impact of buffer/backfill will also
be performed.

Scope

To undertake a range of review activities and computational calculations to improve un-
derstanding on post-closure scenarios. This will include the following:

e Performing scoping calculations to explore in what envelopes of ‘parameter-
space’ fissile material release from immobilised plutonium wasteforms in a GDF
could be ‘solubility-limited’ and ‘wasteform-dictated’.

¢ |dentifying a range of options to incorporate U-238 into the Engineered Barrier
System and assess the viability and effectiveness of such options.

¢ |dentifying a range of options to incorporate neutron absorbers into the Engi-
neered Barrier System and assess the viability and effectiveness of such options.

e |dentifying a range of options to incorporate favourable backfill/buffer (e.g. low
moderator content) into the Engineered Barrier System and assess the viability
and effectiveness of such options.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits along with underlying data
model input data. As this work is at a scoping level, the report(s) will also detail poten-
tial areas to increase package fissile material limits if required.
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SRL at

Task Start Task End

SRL 3 SRL at SRL 4 Target SRL | SRL 6

Further Information

There are several publications relevant to this task [1]-[3].

1

2

3

M. Sarsfield et al., A Study on the Choice of Neutron Poisons for Plutonium
Immobilisation, NNL 14743, 2019.

C. Padovani et al., Radiation and damage and leach rates for plutonium bear-
ing ceramic wasteforms, TRP-STS-NUC-2019-0247, 2019.

G. Deissmann, S. Neumeier, G. Modolo, and D. Bosbach, Review of the dura-
bility of potential plutonium wasteforms under conditions relevant to geological
disposal. FZ Julich / Brenk Systemplanung, 2011.
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B2.5.3 Scoping Plutonium Criticality Safety Assessment Based on
Concept Development and Experimental Outputs
Task Number 20.5.003 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Post-closure Criticality Safety for HHGW - Plutonium and
HEU
Background

The fissile material content of separated plutonium is considerable. Per unit mass of
disposed wasteform, immobilised plutonium will have a higher fissile material concentra-
tion than other forms of HHGW earmarked for disposal in a GDF (spent fuel and vitrified
HLW) over the whole post-closure period. In the post-closure safety case for the GDF,
it will be necessary to demonstrate that criticality would be of low-likelihood and low-
consequence. Criticality assessments for the post-closure period typically consider two
sets of scenarios: in-package scenarios after groundwater has penetrated into pack-
ages and comes into contact with the wasteform(s) within and the package contents
have subsequently evolved; and out-of-package scenarios in which fissile material has
been transported in groundwater out of the packages and redeposited elsewhere (e.g.
in the backfill/buffer material surrounding the containers).

Research Driver

To support concept development by developing a criticality safety assessment for a pre-
ferred disposal concept for plutonium.

Research Objective

Following outputs from the plutonium Integrated Project Team, to undertake scoping crit-
icality safety assessments on preferred disposal concepts.

Scope

To undertake a scoping computational study on a set of normal operation and accident
condition scenarios (for the transport, operational and post-closure phases) utilising
MCNP or MONK criticality codes in order to derive appropriate waste package fissile
material limits for plutonium disposal for the leading disposal concept(s) for this material
following increased knowledge from the plutonium IPT.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying model
input data. As this work is at a scoping level, the report(s) will also detail potential areas
to increase package fissile material limits if required.

SRL at SRL 4 SRL at SRL 4 Target SRL | SRL 6
Task Start Task End

Further Information

This task may be part of the plutonium IPT, or may be conducted in parallel.
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B2.5.4 Detailed Criticality Safety Assessment for Plutonium Disposal
Concept
Task Number 20.5.004 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Post-closure Criticality Safety for HHGW - Plutonium and
HEU
Background

The fissile material content of separated plutonium is considerable. Per unit mass of
disposed wasteform, immobilised plutonium will have a higher fissile material concentra-
tion than other forms of HHGW earmarked for disposal in a GDF (spent fuel and vitrified
HLW) over the whole post-closure period. In the post-closure safety case for the GDF,
it will be necessary to demonstrate that criticality would be of low-likelihood and low-
consequence. Criticality assessments for the post-closure period typically consider two
sets of scenarios: in-package scenarios after groundwater has penetrated into pack-
ages and comes into contact with the wasteform(s) within and the package contents
have subsequently evolved; and out-of-package scenarios in which fissile material has
been transported in groundwater out of the packages and redeposited elsewhere (e.g.
in the backfill/buffer material surrounding the containers).

Research Driver

To support concept development by developing a criticality safety assessment for a pre-
ferred disposal concept for plutonium.

Research Objective

Following outputs from the plutonium IPT and RWM detailed design, the objective is to
undertake detailed criticality safety assessments on preferred disposal concepts.

Scope

To undertake a detailed computational study on a set of normal operation and accident
condition scenarios (for the transport, operational and post-closure phases) utilising
MCNP or MONK criticality codes in order to derive appropriate waste package fissile
material limits for plutonium disposal for the leading disposal concept(s) for this material
following increased knowledge from the plutonium IPT.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying model
input data. As this work is at a scoping level, the report(s) will also detail potential areas
to increase package fissile material limits if required.

SRL at SRL 4 SRL at SRL 5 Target SRL | SRL 6
Task Start Task End

Further Information
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B2.5.5 Optimised Criticality Safety Assessment for Plutonium Disposal

Concept Based on Transport Considerations and Site-specific
Data

Task Number 20.5.005 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure Criticality Safety for HHGW - Plutonium and

HEU
Background

The fissile material content of separated plutonium is considerable. Per unit mass of
disposed wasteform, immobilised plutonium will have a higher fissile material concentra-
tion than other forms of HHGW earmarked for disposal in a GDF (spent fuel and vitrified
HLW) over the whole post-closure period. The plutonium IPT has been established with
the purpose of progressing the development of disposal concepts for immobilised pluto-
nium by December 2024.

Research Driver

To optimise concept development by refining the criticality safety assessment for the
preferred disposal concept for plutonium.

Research Objective

Following the detailed criticality safety assessment on the preferred disposal concept(s),
the optimised study will refine this by taking knowledge arising from site-specific data
(e.g. groundwater composition, flow and host rock thermal conductivity) and also work
on the possible transport options for the disposal concept (Task 20.1.009).

Scope

To undertake a computational study on a set of normal operation and accident condi-
tion scenarios (for the transport, operational and post-closure phases) utilising MCNP
or MONK criticality codes in order to optimise waste package fissile material limits for
plutonium disposal for the preferred disposal concept(s) for this material.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits along with underlying model
input data.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End

Further Information

This task will follow from Task 20.5.004 which would have developed detailed level crit-
icality safety assessments for disposal concepts under consideration at the time, one of
which would be assumed to be taken forward as the preferred option. This work cannot
start until a detailed assessment is complete, scoping transport options are complete
and intrusive site-specific data are available.
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B2.5.6 Scoping HEU Criticality Safety Assessment Based on Concept
Development

Task Number 20.5.006 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure Criticality Safety for HHGW - Plutonium and
HEU

Background

The fissile material content of HEU is considerable. Per unit mass of disposed waste-
form, HEU will have a higher fissile material concentration than other forms of HHGW
earmarked for disposal in a GDF (spent fuel and vitrified HLW) over the whole post-
closure period. RWM will be required to demonstrate the criticality safety of materials
during transport, operations and following facility closure. During the process of siting,
the number of options under consideration will reduce, which, together with any option-
eering, will result in refinement of the final design of the disposal system.

For HEU wasteforms, concept selection has been limited, however it is anticipated that
advancement in plutonium disposal concepts will have some applicability to HEU waste-
forms.

Research Driver

To support concept development by developing a criticality safety assessment for a pre-
ferred disposal concept for HEU.

Research Objective

Following outputs from the plutonium IPT and refinement of the preferred disposal con-
cept for plutonium disposal, to undertake scoping criticality safety assessments to as-
sess applicability to HEU wasteforms.

Scope

To undertake a scoping computational study on a set of normal operation and accident
condition scenarios (for the transport, operational and post-closure phases) utilising
MCNP or MONK criticality codes in order to derive appropriate waste package fissile
material limits for HEU disposal for the leading disposal concept(s) for this material fol-
lowing increased knowledge from the plutonium IPT. This may take the form of a full
study or a sensitivity study using the plutonium work as a basis of assessment.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits along with underlying model
input data. As this work is at a scoping level, the report(s) will also detail potential areas
to increase package fissile material limits if required.

SRL at SRL 3 SRL at SRL 4 Target SRL | SRL 6
Task Start Task End

Further Information

This task is dependent on decisions about the disposal concept for HEU being made.

It is assumed that work on plutonium wasteforms can be used as a basis for assess-
ment; however, if this is not the case earlier work may be required to define a preferred
disposal concept.
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B2.5.7 Detailed Criticality Safety Assessment for HEU Disposal Concept
Task Number 20.5.007 | Status | Start date in the future
WBS Level 4 Criticality Safety
WBS Level 5 Post-closure Criticality Safety for HHGW - Plutonium and

HEU
Background

The fissile material content of HEU is considerable. Per unit mass of disposed waste-
form, HEU will have a higher fissile material concentration than other forms of HHGW
earmarked for disposal in a GDF (spent fuel and vitrified HLW) over the whole post-
closure period. RWM will be required to demonstrate the criticality safety of materials
during transport, operations and following facility closure. During the process of siting,
the number of options under consideration will reduce, which, together with any option-
eering, will result in refinement of the final design of the disposal system.

For HEU wasteforms, concept selection has been limited, however it is anticipated that
advancement in plutonium disposal concepts will have some applicability to HEU waste-
forms.

Research Driver

To support concept development by developing a detailed criticality safety assessment
for a preferred disposal concept for HEU.

Research Objective

Following scoping criticality safety assessments on HEU wasteform disposal concepts,
to perform detailed assessments based on available knowledge.

Scope

To undertake a detailed computational study on a set of normal operation and accident
condition scenarios (for the transport, operational and post-closure phases) utilising
MCNP or MONK criticality codes in order to derive appropriate waste package fissile
material limits for HEU disposal for the leading disposal concept(s) for this material fol-
lowing increased disposal concept maturity.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying model
input data. As this work is at a scoping level, the report(s) will also detail potential areas
to increase package fissile material limits if required.

SRL at SRL 4 SRL at SRL 5 Target SRL | SRL 6
Task Start Task End

Further Information

This task will follow Task 20.5.006 and is dependent on decisions about the disposal
concept for HEU being made. It is assumed that work on plutonium wasteforms can
be used as a basis for assessment, however if this is not the case earlier work may be
required to define a preferred disposal concept.
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B2.5.8 Optimised Criticality Safety Assessment for HEU Disposal

Concept Based on Transport Considerations and Site-specific
Data

Task Number 20.5.008 | Status | Start date in the future

WBS Level 4 Criticality Safety

WBS Level 5 Post-closure Criticality Safety for HHGW - Plutonium and

HEU
Background

The fissile material content of HEU is considerable. Per unit mass of disposed waste-
form, HEU will have a higher fissile material concentration than other forms of HHGW
earmarked for disposal in a GDF (spent fuel and vitrified HLW) over the whole post-
closure period. RWM will be required to demonstrate the criticality safety of materials
during transport, operations and following facility closure. During the process of siting,
the number of options under consideration will reduce, which, together with any option-
eering, will result in refinement of the final design of the disposal system.

For HEU wasteforms, concept selection has been limited, however it is anticipated that
advancement in plutonium disposal concepts will have some applicability to HEU waste-
forms.

Research Driver

To optimise concept development by refining the criticality safety assessment for the
preferred disposal concept for HEU.

Research Objective

Following the detailed criticality safety assessment on the preferred disposal concept(s),
the optimised study will refine this by taking knowledge arising from site-specific data
(e.g. groundwater composition, flow and host-rock thermal conductivity) and also work
on the possible transport options for the disposal concept .

Scope

To undertake a computational study on a set of normal operation and accident condi-
tion scenarios (for the transport, operational and post-closure phases) utilising MCNP or
MONK criticality codes in order to optimise waste package fissile material limits for HEU
disposal for the preferred disposal concept(s) for this material.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the derived package fissile
material limits and the methodology for deriving such limits, along with underlying model
input data.

SRL at SRL 5 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End

Further Information

This task will follow from Task 20.5.007, which would have developed detailed level crit-
icality safety assessments for disposal concepts under consideration at the time, one of
which would be assumed to be taken forward as the preferred option. This work cannot
start until a detailed assessment is complete, scoping transport options are complete
and intrusive site-specific data are available.
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B2.5.9 Plutonium IPT - Wasteform Review
Task Number 20.5.009 | Status Ongoing
WBS Level 4 Criticality Safety
WBS Level 5 Post-closure Criticality Safety for HHGW - Plutonium and
HEU
Background

The fissile material content of separated plutonium is considerable. Per unit mass of
disposed wasteform, immobilised plutonium will have a higher fissile material concentra-
tion than other forms of HHGW earmarked for disposal in a GDF (spent fuel and vitrified
HLW) over the whole post-closure period. In the post-closure safety case for a GDF,

it will be necessary to demonstrate that criticality would be of low-likelihood and low-
consequence. Criticality assessments for the post-closure period typically consider two
sets of scenarios: in-package scenarios after groundwater has penetrated into pack-
ages and come into contact with the wasteform(s) within and the package contents
have subsequently evolved; and out-of-package scenarios in which fissile material has
been transported in groundwater out of the packages and redeposited elsewhere (e.g.
in the backfill/lbuffer material surrounding the containers).

Research Driver

To support concept development by developing a criticality safety assessment for a pre-
ferred disposal concept for plutonium.

Research Objective

To determine what evidence already exists that could allow credit to be taken for certain
wasteform features that could reduce the reactivity of the system from a criticality per-
spective for both in-package and out-of-package scenarios, where there are gaps in the
evidence and how those gaps might be filled by performing further work.

Scope

For both the in-package and out-of-package scenarios, the task is to perform a literature
review to compile and analyse information on how the fissile material leach rate (includ-
ing any contribution from the release of colloids) from candidate plutonium wasteforms
(disposal MOX and titanate ceramics) would be likely to evolve over the post-closure
period. It will also need to investigate the impact of certain features on the evolution

of the wasteform, such as durability, porosity, irradiation damage and dissolution be-
haviour.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the state of the art knowl-
edge on short and long term leaching behaviour of candidate Pu wasteforms under con-
sideration and their relevance to post-closure criticality safety.

SRL at SRL 3 SRL at SRL 4 Target SRL | SRL 6
Task Start Task End
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Further Information

This task is part of a plutonium Integrated Project( see Task 110.3.003 and
Task 110.3.004).There are several publications relevant to this task [1], [2].

1 G. Deissmann, S. Neumeier, G. Modolo, and D. Bosbach, Review of the dura-
bility of potential plutonium wasteforms under conditions relevant to geological
disposal. FZ Julich / Brenk Systemplanung, 2011.

2 C. Padovani et al., Radiation and damage and leach rates for plutonium bear-
ing ceramic wasteforms, TRP-STS-NUC-2019-0247, 2019.
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B2.6 WBS 20.6 - Criticality safety assessments

B2.6.1 Undertake Sensitivity Study on PCCCA Using Existing Desk
Based Site-Specific data (5 sites)

Task Number 20.6.001 | Status | Start date in future
WBS Level 4 Criticality Safety

WBS Level 5 Criticality Safety Assessments

Background

To date, generic post-closure criticality consequences assessments (PCCCAs) have
been conducted based on illustrative disposal concepts. For the 2016 PCCCA the con-
sequences used as a baseline for estimates of risk are based on information produced
in the 2010 generic Disposal System Safety Case, as the 2016 gDSSC was not avail-
able at the time of the work. The assessments in the PCCCA are intended to fulfil the
‘what-if’ analysis required by the GRA. To this end, in addition to the assessment of crit-
icality events that are (on the basis of current understanding) considered to be credi-
ble, criticality events that are not judged credible are also assessed. The assessments
are based on illustrative disposal concepts, using input parameters considered to be
suitably bounding at the time. It is not anticipated to undertake a PCCCA on five sites
prior to down-selection (planning assumption), however work will be required to estab-
lish whether previous assessments are sufficiently bounding.

Research Driver

To support the environmental safety case by using available data to establish if the
2016 PCCCA is sufficiently bounding for sites identified.

Research Objective

To undertake sensitivity studies on available site-specific data against the assumptions
made in the PCCCA to assess the applicability of existing assessments.

Scope

At this stage of the programme, the assessments will not be re-run; rather, the scope
will be to undertake a sensitivity study to compare available data from the siting pro-
cess and updates to the inventory for disposal from that used in the 2016 PCCCA. This
study will assess whether the assumptions in the PCCCA and underlying work are suit-
ably bounding, or whether some parameter values fall outside of the range previously
studied. It is anticipated that the preference for this work would be a single task inves-
tigating all five sites (planning assumption) at once. However, if data are available at
different times, it might be more appropriate to investigate each site separately.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report or reports detailing the comparison of the 2016
PCCCA against current knowledge of relevant parameters, identifying if any are outside
of the range considered previously.

SRL at SRL 6 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1]-[3].

1

D. Roberts, T. Baldwin, G. Carta, T. Hicks, M. Kelly, R. Mason, and T. Ware,
Gdf post-closure criticality consequences assessment, AMEC, Contractor Re-
port 203034-DB20-RPT-002, 2016. [Online]. Available: http://rwm.nda.gov.uk/
publication/gdf-post-closure-criticality-consequences-assessment/.

T. Hicks and T. Baldwin, Likelihood of criticality: The likelihood of criticality syn-
thesis report, AMEC, Contractor Report 17293-TR-023, Version 2, 2014. [On-
line]. Available: http://rwm.nda.gov.uk/publication/the-likelihood-of-criticality-
synthesis-report-rwmd003001/.

R. Mason, P. Smith, and D. Holton, Modelling of consequences of hypotheti-
cal criticality: Synthesis report for post-closure criticality consequence analysis,
AMEC, Contractor Report AMEC/SF2409/013 Issue 2, 2014. [Online]. Avail-
able: http://rwm.nda.gov. uk/publication/modelling - of - consequences - of -
hypothetical-criticality-synthesis-report-for-post-closure-criticality-consequence-
analysis-rwm005140/.
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B2.6.2 Scoping Assessment of Alternative Disposal Concepts -
Evaporite
Task Number 20.6.002 | Status | Start date in future
WBS Level 4 Criticality Safety
WBS Level 5 Criticality Safety Assessments
Background

To date, criticality safety assessments (CSAs) have been conducted based on illustra-
tive disposal concepts for deep geological disposal. This includes consideration of an
evaporite host rock. For this concept, it has been assumed that there is no unbound
water present so that the waste packages will not become saturated and there is no po-
tential for fissile material to be removed from waste packages, therefore conditions will
remain sub-critical. Wider work on variant scenarios, including evaporite variants, will be
performed for the environmental safety case to assess impacts. As part of this, criticality
safety will be considered to ensure the assumptions made are robust. During this work,
any sensitivities for the transport and operational safety cases will also be considered.

Research Driver

To support the transport, operational and environmental safety cases by assessing the
assumptions currently in the criticality safety assessments for disposal in an evaporite
host rock.

Research Objective

To undertake sensitivity studies on variant scenarios compared to the assumptions pre-
viously used to assess sensitivity of existing assessments to changes in the environ-
ment of the waste package.

Scope

This study will use computational models on a set of normal operation and accident
condition scenarios (for the transport, operational and post-closure phases) utilising
MCNP or MONK criticality codes in order to derive appropriate waste package fissile
material limits for variant scenarios for disposal in an evaporite host rock. This will in-
clude the impact of: flowing groundwater through the host rock; brine-pocket intrusion;
and the presence of chlorine (chlorine is a neutron absorber).

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the comparison of the exist-
ing CSAs against variant scenarios and the results of any sensitivity calculations.

SRL at SRL 3 SRL at SRL 4 Target SRL | SRL 6
Task Start Task End

Further Information

This task will be undertaken in line with wider work on consideration of variant sce-
narios. The timings are based on current assumptions but could change based on the
wider work programme.
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B2.6.3 Undertake PCCCA Using Existing Desk-based Site-specific Data
(Two Sites)
Task Number 20.6.003 | Status | Start date in future
WBS Level 4 Criticality Safety
WBS Level 5 Criticality Safety Assessments
Background

To date, generic PCCCAs have been conducted based on illustrative disposal concepts.
For the 2016 PCCCA, the consequences used as a baseline for estimates of risk are
based on information produced in the 2010 gDSSC, as the 2016 gDSSC was not avail-
able at the time of the work. The assessments in the PCCCA are intended to fulfil the
‘what-if’ analysis required by the GRA. To this end, in addition to the assessment of crit-
icality events that are (on the basis of current understanding) considered to be credible,
criticality events that are not judged credible are also assessed. The assessments are
based on illustrative disposal concepts, using input parameters considered to be suit-
ably bounding at the time. Following on from Task 20.5.002, which assessed the sensi-
tivity of the 2016 PCCCA to data available for five sites (planning assumption), this task
will undertake assessments for the two down-selected sites based on site-specific data
and updated inventory information.

Research Driver

To support the ESC by using available data and results of refined consequences and
likelihood of post-closure criticality projects to conduct post-closure criticality conse-
quence assessments on two sites.

Research Objective

To provide a post-closure criticality safety assessment for the two sites identified.

Scope

The results generated in the likelihood and consequences research programmes need
to be jointly applied to demonstrate that criticality in a GDF following closure of the facil-
ity is not a significant concern by showing that the impacts on pathways that give rise to
risk in the post-closure safety assessment are negligible. The scope will comprise work
to assess the consequences of the impacts of a range of criticality events on the safety
performance of a GDF for the two sites selected.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The deliverable will be the safety arguments and calculations for use in an update to
the ESC and post-closure safety assessment for the two down-selected sites to demon-
strate that post-closure criticality is not a significant concern.

SRL at SRL 6 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

There are several publications relevant to this task [1]-[3].

1

D. Roberts, T. Baldwin, G. Carta, T. Hicks, M. Kelly, R. Mason, and T. Ware,
Gdf post-closure criticality consequences assessment, AMEC, Contractor Re-
port 203034-DB20-RPT-002, 2016. [Online]. Available: http://rwm.nda.gov.uk/
publication/gdf-post-closure-criticality-consequences-assessment/.

T. Hicks and T. Baldwin, Likelihood of criticality: The likelihood of criticality syn-
thesis report, AMEC, Contractor Report 17293-TR-023, Version 2, 2014. [On-
line]. Available: http://rwm.nda.gov.uk/publication/the-likelihood-of-criticality-
synthesis-report-rwmd003001/.

R. Mason, P. Smith, and D. Holton, Modelling of consequences of hypotheti-
cal criticality: Synthesis report for post-closure criticality consequence analysis,
AMEC, Contractor Report AMEC/SF2409/013 Issue 2, 2014. [Online]. Avail-
able: http://rwm.nda.gov. uk/publication/modelling - of - consequences - of -
hypothetical-criticality-synthesis-report-for-post-closure-criticality-consequence-
analysis-rwm005140/.
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B2.6.4 Undertake Sensitivity Study on PCCCA Using Existing Desk-
based Site-Specific data (Two Sites Refined Data)

Task Number 20.6.004 | Status | Start date in future
WBS Level 4 Criticality Safety

WBS Level 5 Criticality Safety Assessments

Background

To date, generic post-closure criticality consequences assessments (PCCCAs) have
been conducted based on illustrative disposal concepts. For the 2016 PCCCA, the con-
sequences used as a baseline for estimates of risk are based on information produced
in the 2010 generic Disposal System Safety Case as the 2016 gDSSC was not avail-
able at the time of the work. The assessments in the PCCCA are intended to fulfil the
‘what-if’ analysis required by the GRA. To this end, in addition to the assessment of crit-
icality events that are (on the basis of current understanding) considered to be credible,
criticality events that are not judged credible are also assessed. The assessments are
based on illustrative disposal concepts, using input parameters considered to be suit-
ably bounding at the time. Following on from Task 20.5.004, which undertook PCCCAs
for two sites based on site-specific data and updated inventory information, this task
will comprise a sensitivity study (similar to Task 20.5.002) for the two sites and any data
that have become available during the site characterisation process.

Research Driver

To support the environmental safety case by using available data to establish if the PC-
CCA for each of the two sites is sufficiently bounding based on new site characterisa-
tion data and inventory changes.

Research Objective

To undertake sensitivity studies on available site-specific data (e.g. groundwater com-
position, flow and host rock thermal conductivity) against the assumptions made in the
PCCCA to assess applicability of existing assessments.

Scope

The results generated in the likelihood and consequences research programmes need
to be jointly applied to demonstrate that criticality in a GDF following closure of the facil-
ity is not a significant concern by showing that the impacts on pathways that give rise
to risk in the post-closure safety assessment are negligible. At this stage of the pro-
gramme, the assessments will not be re-run; rather, the scope will be to undertake a
sensitivity study to compare available data from the siting process and updates to the
inventory for disposal from those used in the PCCCA for each of the two sites. This
study will assess whether the assumptions in the PCCCA and underlying work are suit-
ably bounding, or whether some parameter values fall outside of the range previously
studied. It is anticipated that the preference for this work would be a single task, investi-
gating both sites (planning assumption) at once. However, if data are available at differ-
ent times, it might be more appropriate to investigate each site separately.

Geology Application

HSR, LSSR, Evaporite

Output of Task

The output of this task will be a report (or reports) detailing the comparison of the PC-
CCAs for the (assumed) two down-selected sites against current knowledge of relevant
parameters, identifying if any are outside of the range considered previously.

SRL at SRL 6 SRL at SRL 6 Target SRL | SRL 6
Task Start Task End
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Further Information

The start date is dependent on the availability of site specific data such as rock charac-
terisation data. There are several publications relevant to this task [1]-[3].

1

D. Roberts, T. Baldwin, G. Carta, T. Hicks, M. Kelly, R. Mason, and T. Ware,
Gdf post-closure criticality consequences assessment, AMEC, Contractor Re-
port 203034-DB20-RPT-002, 2016. [Online]. Available: http://rwm.nda.gov.uk/
publication/gdf-post-closure-criticality-consequences-assessment/.

T. Hicks and T. Baldwin, Likelihood of criticality: The likelihood of criticality syn-
thesis report, AMEC, Contractor Report 17293-TR-023, Version 2, 2014. [On-
line]. Available: http://rwm.nda.gov.uk/publication/the-likelihood-of-criticality-
synthesis-report-rwvmd003001/.

R. Mason, P. Smith, and D. Holton, Modelling of consequences of hypotheti-
cal criticality: Synthesis report for post-closure criticality consequence analysis,
AMEC, Contractor Report AMEC/SF2409/013 Issue 2, 2014. [Online]. Avail-
able: http://rwm.nda.gov. uk/publication/modelling - of - consequences - of -
hypothetical-criticality-synthesis-report-for-post-closure-criticality-consequence-
analysis-rwm005140/.
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B3 WBS 30 - Engineered Barrier Systems (EBS) and their Evolution

The generic research activities to be concluded can be summarised in the following work
areas:

e EBS for Low Heat Generating Waste (WBS 30.1)

e EBS for High Heat Generating Waste (WBS 30.2)

¢ Clay-based EBS(WBS 30.3)

e Cement-based EBS(WBS 30.4)

¢ Plugs and Seals (WBS 30.5)

e Thermal Modelling of Heat generating processes (WBS 30.6)

o  WBS 30.1 comprises the Backfill IPT and its related tasks, in order to address
the development of backfill materials for the range of illustrative geological
environments and waste types (Task 30.1.001-Task 30.1.010). Based on the
outcome of the Backfill IPT, 30.001 will identify any resulting site-specific
research needs. These tasks will input to the LHGW system requirements and
conceptual, preliminary, preferred and detailed design development.

o  WBS 30.2 (Task 30.2.001 and Task 30.2.002) supports concept development by
building an understanding of the effect of elevated temperatures (e.g. 100°C) on
backfill performance in high heat generating waste disposal concepts.

WBS 30.3 focuses on a clay-based EBS, in order to understand viable bentonite reserves
which may be suitable for the UK programme and quality constraints and data limitations
that may require further investigation. Activities will also develop capability for testing and
characterising bentonite buffer materials to demonstrate they satisfy required future
disposal system requirements, and will develop and maintain a toolkit and personnel
capability (in supply chain and academia). Site-specific research is also needed, such as
survivability of geosphere microbes in the EBS, understanding of the thermal evolution of
the GDF and site-specific bio-fauna characterisation will enable RWM to understand the
influence of microbial activity on the physico-chemistry of radionuclides under a realistic
range of scenarios, such that associated uncertainty can be more effectively constrained,
enabling system optimisation and design efficiency.

WBS 30.4 (Task 30.4.001-30.4.011) relates to cement-based EBS development, primarily
for low heat generating wastes. Much of the work supports the post-closure safety case by
developing a sufficiently detailed understanding of mechanisms and chronology of NRVB
evolution over long timescales. The work also addresses the continued development and
validation of the near-field component model to support the environmental safety case and
identify outstanding research needs so as to provide further data and understanding of
individual processes shown via the application of the near-field component model to have
significant knowledge gaps with respect to the safety case.

WBS 30.5 (Task 30.5.001) comprises a fully integrated and justified roadmap for delivery
of technically feasible and scientifically underpinned plug and seal components that meet
long-term safety requirements. RWM has participated in international plugging and sealing
projects in the past (EC DOPAS), however it is recognised that a significant UK plugging
and sealing RD&D programme will be required.

Finally, WBS 30.6 (Task 30.6.001) continues to develop RWM'’s thermal dimensioning tool
as necessary for its continued use in RWM.
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B3.1 WBS 30.1 - EBS for LHGW

B3.1.1 Integrated Project to Develop Backfill Materials for the Range of
Geological Environments and Waste Types

Task Number 30.1.001 | Status | Ongoing

WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution

WBS Level 5 EBS for LHGW

Background

In low-heat-generating-waste geological disposal concepts, the backfill is the material
that immediately surrounds the waste packages. Mass backfill is the material used to
fill geological disposal facility accessways. The backfill material is one of the multiple
barriers that contribute to isolation and containment of the waste. The way in which the
backfill is required to contribute to isolation and containment will depend on the geo-
chemistry, the groundwater flow regime and the mechanical stability and the thermal
properties of the selected geological environment.

The generic cement Engineered Barrier System R&D programme has focussed on un-
derstanding cement evolution and the processes and parameters that are sensitive in
terms of delivery of required safety functions. This understanding is documented in the

[1].

Research Driver

RWM has undertaken work to develop the Geological Disposal Technical Programme.
This work has identified the high-level scope and programme required to deliver a Ge-
ological Disposal Facility in the UK. Following on from this work, and to further develop
the more detailed technical scope to underpin the Geological Disposal Technical Pro-
gramme, this work aims to specifically address the development of backfill materials for
the range of illustrative geological environments and waste types.

Research Objective

The objective of this task is to deliver the following outcomes: Phase 1

e Afully integrated and justified roadmap for delivery of technically feasible and sci-
entifically underpinned backfill materials that meets the long-term safety require-
ments.

e Ajustified Business Case for the next phase of technical work detailing links to
key decisions and interfaces within the Geological Disposal Technical Programme
and the implications of delaying/deferring work.

¢ Confidence in alignment of R&D activities with the needs of other activities within
the overall technical programme.
Phase 2

¢ Implementation and delivery of Roadmap Issue 1

Future phases of the project will follow - the scope of which will be defined as a result
of the information delivered in the previous phases.

Scope

This long-term project aims to build on the programme established in the Geological
Disposal Technical Programme with a specific focus on delivery of backfill materials for
the range of geological environments considered suitable for hosting a GDF in the UK.
Phase 1 shall consist of:

e the development of a fully integrated and justified Roadmap Issue 1;
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e a detailed and fully costed business case supporting implementation of the
Roadmap Issue 1; and

e for the near-term (~5 years) tasks, development of an approved S&T Task Sheet
along with a detailed specification, programme, deliverables, proposed sub-
contractors (if any) and fixed cost to delivery.

Phase 2 shall consist of the implementation and delivery of the approved tasks in the
roadmap and it is envisaged this will include:

e Backfill and mass backfill requirements development;

e Desk-based development and modelling studies to support backfill formulation;
e Small-scale laboratory formulation development;

e Larger-scale technology development and demonstration; and

¢ Modelling and performance assessment.

Geology Application

HSR, LSSR, Evaporite

Output of Task

e Phase 1
¢ Roadmap for the delivery of suitable GDF backfill materials
e S&T Plan task sheets detailing the tasks required for the next -five years

e Phase 2
e Delivery of the detailed five year work activities as set out in the approved

roadmap.
SRL/TRL at | TRL 4 SRL/TRL at | TRL7 Target
Task Start Task End SRL/TRL

Further Information

For further information: [2]

1 Radioactive Waste Management, Geological Disposal: Engineered Barrier Sys-
tem Status Report, RWM Report DSSC/452/01, 2016. [Online]. Available: http:
/Irwm.nda.gov.uk/publication/geological-disposal-engineered-barrier-system-
status-report/.

2 D. Holton, P. Bamforth, A. Clark, V. Cloet, J. Engelhardt, D. Lever, N. Marcos,
P. Martensson, F. Neall, H. Pairaudeau, J. Pearson, D. Roberts, and A. Shel-
ton, Backfill development integrated project: Roadmap, Orchid, Contractor Re-
port RWM/Contr/20/004, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/backfill-development-integrated-project-consortium-roadmap/.
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B3.1.2 Identifying Options for Backfill
Task Number 30.1.002 Status | Ongoing
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 EBS for LHGW
Background

Work on backfill in the UK has historically been focused on the LHGW concept for HSR
and the development of the NRVB. There are, however, a range of other options that
require consideration, suitable for the range of potential host geological environments
for specific waste types, or as subjects for further development, such as:

e “"Green cements” (that are considered better for the environment);

e Backfills with superplasticiser. Backfill formulations with superplasticiser have
been proposed by certain waste management organisations and could simplify
emplacement and reduce cost;

e Low-pH cements;
e Phosphate based cements (potentially for specific wastes such as DNLEU);
e Sulfate resistant cements;

e Bentonite based backfills. Bentonite is a nuclear industry standard material used
as a buffer for heat-generating wastes. However, bentonite could be a suitable
alternative material for use as a backfill in concepts for the disposal of LHGW in
certain geological environments and for wastes where there may be compatibility
issues with some materials such as highly alkaline cements. They could also be
used as a mass backfill for certain waste types; and

e Prefabricated engineered structures, for example overpacks or vault liners that
could be used to perform some of the functions of backfill.

The requirements for the mass backfill, for example to fill the access tunnels, have been
considered in less detail than those for the local backfill by RWM. These requirements
will be different to those of the local backfill around waste packages and will need to be
considered separately.

This task is identified in the Backfill IPT Roadmap as Task P2-CC-TO.

Research Driver

To ensure that RWM has underpinned backfill materials and emplacement methods for
the range of potential host geological environments to inform concept selection and sup-
port the development site-specific designs.

Research Objective

To identify options for backfill materials for the range of potential host geological envi-
ronments, including a short-list of options to take forward to small-scale laboratory test-
ing. This includes looking for opportunities to modify the formulation of NRVB to ad-
dress revised requirements and advances in the cement industry. Down-selection of
options will be robust, evidence-based and documented.
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Scope

In this task the options for development of a backfill will be evaluated. The outcomes
could range from a robust demonstration that the options selected in the illustrative de-
signs are preferred, through minor modifications to account for UK applicability of inter-
national concepts and changes in the availability of feed stocks, to more significant and
fundamental changes. The case for proceeding with research and development activi-
ties will be clearly presented, supported by robust technical justification. Crushed host
rock is often proposed as a mass backfill in some sections of access tunnels (with grout
or bentonite additives if required); this is a cost-effective solution and reduces the en-
vironmental impact of a disposal facility by potentially re-using the excavated material.
A further objective relating to the mass backfill could also be the transport of gas into
defined volumes to avoid an increase in pressure in the disposal areas. The options

for mass backfills will be reviewed, and the advantages and challenges associated with
each identified. It is noted that the function of the mass backfill may differ depending on
its location in the GDF and one material may not be suitable for use in all areas. Differ-
ent materials may be specified in HHGW disposal areas, LHGW disposal areas, access
ways, and tunnels with higher inflow.

Specific consideration will be given to:

e Local backfill in HSR, LSSR and evaporite (including pre-fabricated structures);
e Mass backfill in HSR, LSSR and evaporite; and

e Backfills potentially suitable for wastes associated with elevated temperatures in
HSR, LSSR and evaporite (including prefabricated structures).

A systematic and robust methodology will be developed to justify any down-selection
and to identify knowledge gaps, based on the requirements identified in Phase 1 of the
Backfill IPT. A small number of options could be brought forward for laboratory-scale
testing, subject to a gate review.

Geology Application

HSR, LSSR, Evaporite - however as part of this task the potential to use a common
backfill in various host geologies (particularly HSR and LSSR) will be considered.

Output of Task

A topic report outlining the opportunities for backfill development, including a short-list to
take forward to laboratory-scale tests. It is anticipated that short-listed candidates would
be identified for HSR, LSSR, evaporite and for local and mass backfills.

SRL/TRL at | SRL1/TRL | SRL/TRL at | SRL2/TRL | Target
Task Start 2 Task End 3 SRL/TRL

Further Information

There are other publications relevant to this task [1].

1 D. Holton, P. Bamforth, A. Clark, V. Cloet, J. Engelhardt, D. Lever, N. Marcos,
P. Martensson, F. Neall, H. Pairaudeau, J. Pearson, D. Roberts, and A. Shel-
ton, Backfill development integrated project: Roadmap, Orchid, Contractor Re-
port RWM/Contr/20/004, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/backfill-development-integrated-project-consortium-roadmap/.
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B3.1.3 Requirements and Backfill Formulation Guidance
Task Number 30.1.003 | Status | Ongoing
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 EBS for LHGW
Background

To support the development of disposal system requirements it will be important to de-
velop an understanding of how the requirements management process would be ap-
plied to backfill development, and in particular, the process by which potential formula-
tions can be developed. The requirements to be placed on backfill have been consid-
ered, but will not be definitive until the siting process develops and greater information
is available on the hydrogeological regime and geochemistry of a particular site. This
task is associated with maintaining a working understanding and development of re-
quirements to be placed on the backfill, and how the requirements would be refined as
GDF siting progress.

This task is identified in the Backfill IPT Roadmap as Task P2-CC-T1.

Research Driver

RWM has undertaken work to develop the Geological Disposal Technical Programme.
This work identified the high level scope and programme required to deliver a GDF in
the UK. Following on from this work, and to further develop the more detailed technical
scope to underpin the Geological Disposal Technical Programme, the Backfill Integrated
Project aims to ensure that RWM has underpinned backfill materials and emplacement
methods for the range of potential host geological environments to inform concept se-
lection and support the development site-specific designs.

Research Objective

To provide a single document that integrates the work of the Backfill Integrated Project
regarding the requirements to be placed on backfill. To provide support to the documen-
tation of requirements, specification and guidance for backfill formulation as the GDF
programme develops.

Scope

This task will provide the following:

¢ In the context of backfill development, a description of how the RWM require-
ments process works and how it will be integrated with the siting process and the
GDF sub-programme business case stages.

e A description of how the requirements process could be applied to backfill, to en-
sure this aspect of the disposal system is developed to a level of detail appro-
priate to the siting stage, ensuring compatibility with RWM’s developing Require-
ments Management framework.

¢ Integration of the results of the Backfill Integrated Project as they are produced.
The Integrated Project has developed a set of requirements as part of Phase 1.
Phase 2 includes a range of tasks aimed at unpacking a high-level requirement
into a technical specification for each illustrative geological environment/waste
type.

e Guidance on how requirements might be translated into a backfill formula-
tion/backfilling design. Different requirements often have contrary consequences
for the selection of the source materials and composition of the backfill and a bal-
ance may need to be sought.

Geology Application

HSR, LSSR, Evaporite
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Output of Task

A working document that describes the process by which the requirements on backfill
can be managed as the Integrated Project and GDF programme develop. As the Inte-
grated Project develops, the requirements will become more quantitative as understand-
ing is developed.

SRL/TRL at | SRL1/TRL | SRL/TRL at | SRL4/TRL | Target
Task Start 2 Task End 6 SRL/TRL

Further Information

There are other publications relevant to this task [1].

1 D. Holton, P. Bamforth, A. Clark, V. Cloet, J. Engelhardt, D. Lever, N. Marcos,
P. Martensson, F. Neall, H. Pairaudeau, J. Pearson, D. Roberts, and A. Shel-
ton, Backfill development integrated project: Roadmap, Orchid, Contractor Re-
port RWM/Contr/20/004, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/backfill-development-integrated-project-consortium-roadmap/.
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B3.1.4 Consideration of Security of Supply and Sustainability of Backfill
Materials
Task Number 30.1.004 | Status | Ongoing
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 EBS for LHGW
Background

Substantial quantities of materials will be required to backfill the GDF over an extended
period of time. The radwaste industry is a relatively small consumer compared with the
construction industry at large and may therefore have limited influence on the supply
of specific materials. Some of these materials may be specialised, and their availability
over the extended period may be in question. The focus of this task will be to identify
potential issues so that they are factored into the development of the backfill specifica-
tion. The availability and suitability of materials over long time frames could be limited
due to the following:

e Changes to industrial practices resulting from globalisation and rationalisation that
could limit the availability of certain supplementary cement materials. PFA, GGBS
and other construction materials; for example, supplies of fly ash are already lim-
ited in the UK due to the run down of coal fired power stations and the supply of
BFS is dependent on the steel industry, the future of which is currently uncertain
in the UK.

e Changes in construction practices that could lead to changes in the formulation
of cement and/or additives for cementitious materials. For example, over the past
50 years the chemistry of OPC has changed to enable more rapid construction.

e Changes to environmental standards that may restrict the use of cement or other
construction materials in the future. These include the desire to limit CO, gener-
ation and potentially the desire to limit the input of some chemical constituents
of backfills to groundwater. In particular, there is increasing recognition of the
environmental impact of Portland cement production and the need to minimise
its use, leading to new cement technologies such as geopolymer cements (e.g.
alkali-activated GGBS or fly ash) being adopted, particularly where very high
strength is not required.

The materials to be considered are the constituents of the cementitious backfills under
consideration, along with bentonite. Similarly, the security or variability of supplies of
any additives, such as superplasticisers, will be addressed.

RWM has considered the carbon footprint of a GDF as part of its design work. This
work only considered the backfills specified in the illustrative designs, and identified a
number of knowledge gaps. This task is identified in the Backfill IPT Roadmap as Task
P2-CC-T2.

Research Driver

To ensure that RWM has underpinned backfill materials and emplacement methods for
the range of potential host geological environments to inform concept selection and sup-
port the development of site-specific designs.

Research Objective

To identify potential issues around security of supply and environmental sustainability, to
ensure that proposed backfilling approach is robust and sustainable over the long time
periods associated with GDF operations.
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Scope

This task will:

e |dentify potential changes in practice that could affect the availability of cemen-
titious and construction materials over the 100+ year GDF operational period.
Consideration will be given to alternative materials that may become more widely
used in the future. This will include engagement with cement producers;

¢ Identifying opportunities to learn from experience. Waste producers have been
packaging (grouting) waste for several decades and have had to adapt their ap-
proaches in response to changes in the availability of materials;

e Consider how environmental standards concerning, for example, CO, production
or groundwater protection, could affect the choice of backfill;

e Assess the carbon footprint for different backfill options. The basis for compar-
ison between options will require justification, as the backfill to waste ratio may
differ. This work will aim to ensure that backfill solutions adopted are justified and
optimised in terms of their carbon footprint;

e Assess a range of potential backfills in terms of their potential to be impacted by
changes in availability or environmental standards;

e Make a preliminary comparison between options, identifying those which may be
less susceptible to changes, and make recommendations for any future work,
e.g. the need to undertake periodic reviews of industry practice;

e Consider approaches to specification that mitigate potential issues with security
of supply, e.g. by developing performance based specifications with procedures
for approval by assessment of constituents and composition and testing.

Geology Application

HSR, LSSR, evaporite

Output of Task

A working document that describes the process by which the requirements on backfill
can be managed as the integrated project and GDF sub-programme develop. As the
project develops the requirements will become more quantitative as understanding is
developed.

SRL/TRL at | TRL 2 SRL/TRL at | TRL 5 Target TRL 9
Task Start Task End SRL/TRL

Further Information

There are other publications relevant to this task [1].

1 D. Holton, P. Bamforth, A. Clark, V. Cloet, J. Engelhardt, D. Lever, N. Marcos,
P. Martensson, F. Neall, H. Pairaudeau, J. Pearson, D. Roberts, and A. Shel-
ton, Backfill development integrated project: Roadmap, Orchid, Contractor Re-
port RWM/Contr/20/004, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/backfill-development-integrated-project-consortium-roadmap/.
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B3.1.5 Implications of Gas Generation on Backfill Selection
Task Number 30.1.005 | Status | Ongoing
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 EBS for LHGW
Background

Gas will be generated in disposal areas for LHGW by: corrosion of metals, radiolysis,
and degradation of organic materials. The gases will include non-active bulk gas (prin-
cipally hydrogen) and radioactive gases including tritium, carbon-14 labelled methane,
and radon. The backfill for a LHGW disposal area will be required to manage the gases
generated.

The backfill can affect gas generation and migration in a number of ways, including the
following:

¢ The backfill may provide a geochemical environment that reduces corrosion rates
and hence gas generation rates (e.g. a passivating environment). Degradation
rates of organic materials are also dependent on pH, as is microbial activity.

e The backfill may limit the rate at which groundwater contacts the waste.

e The backfill may limit the ingress of aggressive species present in groundwater
such as chloride or sulfide, that accelerate the corrosion of metals.

e CO; generated by the waste may react with a cementitious grout, effectively pre-
venting the release of carbon-14 labelled COs.

e The gas permeability and mechanical strength of the backfill will determine
whether any gas generated can migrate through the backfill without cracking it.
The significance of backfill cracking to the safety case is being considered in a
separate task. Properties of the backfill can change with time, e.g. while a ce-
mentitious backfill cures, or due to carbonation.

e The backfill porosity may provide storage capacity, reducing the pressure rise
experienced by the host rock.

e By increasing the temperature (and hence corrosion rates) during the period of
curing.

Both NRVB and the Nagra M1 mortar development considered gas generation and
migration as a design criterion which effected the resulting grout specification in the
1990s. It is necessary to revisit and generalise this work to understand the require-
ments on any revised backfill formulation.

This task is identified in the Backfill IPT Roadmap as Task P2-CC-T8.

Research Driver

To ensure that RWM has underpinned backfill materials and emplacement methods for
the range of potential host geological environments to inform concept selection and sup-
port the development of site-specific designs.

Research Objective

To understand how a requirement to manage gas generation in LHGW disposal areas
could translate into a material technical specification, covering aspects such as gas per-
meability, porosity, strength and geochemistry.
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Scope

The scope covers performing a literature review and a synthesis of previous work and
simple scoping calculations. The work will:

Discuss the effect of the choice of local backfill on gas generation and migration
and the effect of mass backfill on gas migration, describing the consequences
for the safety case. Both radioactive and non-active gases will be considered in
HSR, LSSR and evaporite geological environments;

Review the approaches used by other waste management organisations to deter-
mine the requirements imposed on backfill by the need to manage the production
and migration of gas;

Indicate how quantitative requirements on the physical and chemical properties of
backfill might be developed as more information on the site and disposal concept
is developed. The physical and chemical properties of interest could include gas
permeability, porosity and pH;

Derive illustrative ranges of quantitative requirements on backfill using scoping
calculations for a range of assumptions about the host geology and gas genera-
tion rate; and

Identify knowledge gaps and discuss their implications for the experimental work
programme on backfill development.

Geology Application

HSR, LSSR, Evaporite

Output of Task

A topic report summarising the work.

SRL/TRL at | SRL1/TRL | SRL/TRL at | SRL4/TRL | Target
Task Start 2 Task End 5 SRL/TRL

Further Information

There are other publications relevant to this task [1].

1

D. Holton, P. Bamforth, A. Clark, V. Cloet, J. Engelhardt, D. Lever, N. Marcos,
P. Martensson, F. Neall, H. Pairaudeau, J. Pearson, D. Roberts, and A. Shel-
ton, Backfill development integrated project: Roadmap, Orchid, Contractor Re-
port RWM/Contr/20/004, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/backfill-development-integrated-project-consortium-roadmap/.
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B3.1.6 Quality Assurance Aspects of Backfill Emplacement
Task Number 30.1.006 | Status | Start date in the future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 EBS for LHGW
Background

Quality Assurance of the backfill emplacement will be required to build confidence that
the GDF will perform in line with the safety arguments made in the disposal system
safety case, i.e. as part of a demonstration that the requirements being placed on back-
fill are being met. This task will document the QA regime that may be required to en-
sure the backfill is emplaced within the agreed formulation envelope, and how appropri-
ate controls can be demonstrated. This task is identified in the Backfill IPT Roadmap as
Task P2-CC-T3.

Research Driver

To ensure that RWM has underpinned backfill materials and emplacement methods for
the range of potential host geological environments to inform concept selection and sup-
port the development site-specific designs.

Research Objective

To deliver a QA process based on a combination of documentation review and testing
of the constituent materials, measurement and recording of the batching process and
testing of the mixed backfill.

Scope

This task will consider:

e The types of QA activities that may be necessary, covering, for example, the fol-
lowing:

e Testing samples from input materials and how variability in raw materials/ac-
ceptable ranges can be defined. This may be based on assured documenta-
tion from the material suppliers.

e Methods for recording the backfill mixing process to ensure that the correct
formulation is produced within allowable limits.

e Physical testing of the rheology of the mixed backfill to ensure that it is ac-
ceptable for the particular placement method being used.

e Methods for measurement during the backfilling process to ensure an accept-
able level of filling.

e Destructive tests on samples (e.g. strength) to ensure conformity with the
specification and to measure variability.

¢ Non-destructive tests and monitoring.

e The criteria against which the review/testing will assess compliance with a suf-
ficiently high level of confidence. The practical implications of QA, including the
following:

e The types of facilities and staff required.
e The way in which documentation is obtained and logged.
e The options for either surface and/or underground laboratories.

e The method for accreditation of the QA process, including documentation and
testing procedures, qualifications of lab staff, etc.

¢ Any implications for the backfilling schedule.
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e The options for remediation in the event that any non-compliance is measured.
The scope covers cementitious and bentonite-based backfills in HSR and LSSR, as well
as backfills suitable for evaporite host rocks. The work should draw on relevant expe-
rience/case studies from the general construction industry and from radioactive waste
disposal industries.

Geology Application

HSR, LSSR, Evaporite

Output of Task

A report giving recommendations for processes for document review and testing to pro-
vide an acceptable level of QA and summarising any issues.

SRL/TRL at | SRL1/TRL | SRL/TRL at | SRL4 /TRL | Target TRL 9
Task Start 2 Task End 5 SRL/TRL

Further Information

There are other publications relevant to this task [1].

1 D. Holton, P. Bamforth, A. Clark, V. Cloet, J. Engelhardt, D. Lever, N. Marcos,
P. Martensson, F. Neall, H. Pairaudeau, J. Pearson, D. Roberts, and A. Shel-
ton, Backfill development integrated project: Roadmap, Orchid, Contractor Re-
port RWM/Contr/20/004, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/backfill-development-integrated-project-consortium-roadmap/.
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B3.1.7 Practical Aspects of Backfill Emplacement
Task Number 30.1.007 | Status | Ongoing
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 EBS for LHGW
Background

Backfill can be emplaced in a GDF using a range of methods that will affect the GDF
design and the OSC. There is an inter-dependency between the backfill specification
and the emplacement method that means these two aspects cannot be considered in
isolation. The technology available to emplace backfill can have a significant role in the
practicability and cost of backfilling operations. Backfill emplacement options developed
by RWM have focused on NRVB; however there has been less emphasis on other ma-
terials/methods. This task is identified in the Backfill IPT Roadmap as Task P2-CC-T7.

Research Driver

To ensure that RWM has underpinned backfill materials and emplacement methods for
the range of potential host geological environments to inform concept selection and sup-
port the development site specific designs.

Research Objective

To develop the emplacement options and assessment methodology necessary to enable
informed decisions on the practicability of different backfilling options. To understand the
requirements on the backfill formulation arising from practical considerations.
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Scope

The task will involve the following:

e Areview of possible emplacement methods and their advantages and disadvan-
tages. The possible methods could include: hydraulic pumping or pouring (as
used in the illustrative designs in HSR and LSSR); pneumatic methods; slinger
methods; projected granular material; prefabricated modules/overpacks; in-situ
compaction; and the use of multiple methods within the same vault.

e Consideration of various emplacement strategies and the factors that may lead to
one approach over another. The potential topics should include:

o backfilling in long sections (300m) versus shuttering shorter (50m) sections;
o backfill-as-you-go versus at closure of the GDF;

o mixing backfill at the ground surface versus mixing underground (depending
on the working time of different backfills); and

o Alternatives to the excavation of galleries specifically for backfill emplace-
ment.

e Discussing the implications of different backfilling options on other aspects of the
GDF design or operational safety case. The aspects that could be affected in-
clude the following:

o QOperational safety: The chemical hazards associated with different backfills
will differ, and should be reported. Similarly, dose implications of the various
technologies will require ALARP consideration;

o Cost and schedule: Some options are likely to be considerably more time-
consuming than others; and

o GDF design: Some of the potential changes could include the heat of hydra-
tion and consequences for the ventilation system. Or variations in bleed water
and consequences for the effluent management system.

¢ Development of metrics to help assess the practicability of different options to
support down selection. These could include: ease of engineering; timescales;
operational safety issues; costs.

e Determining how the requirements on practicality of backfill emplacement should
be interpreted in terms of quantitative metrics.

This task will require input from industrial users of large volumes of backfilling materials,
with practical experience of emplacing significant volumes of cementitious materials. A
range of cementitious and bentonite based backfills should be considered, as well as
backfills suitable for an evaporite host rock, and prefabricated engineered structures.

Geology Application

HSR, LSSR, Evaporite

Output of Task

A report describing how backfill can be practically emplaced and a comparison of op-
tions.

SRL/TRL at
Task Start

SRL1/TRL
2

SRL/TRL at
Task End

SRL 4 /TRL
5

Target
SRL/TRL

TRL 9
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Further Information

There are other publications relevant to this task [1].

1 D. Holton, P. Bamforth, A. Clark, V. Cloet, J. Engelhardt, D. Lever, N. Marcos,
P. Martensson, F. Neall, H. Pairaudeau, J. Pearson, D. Roberts, and A. Shel-
ton, Backfill development integrated project: Roadmap, Orchid, Contractor Re-
port RWM/Contr/20/004, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/backfill-development-integrated-project-consortium-roadmap/.
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B3.1.8 Model Development to Support Backfill Selection
Task Number 30.1.008 | Status | Ongoing
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 EBS for LHGW
Background

Modelling capability will be required to help underpin the selection of backfill. RWM cur-
rently uses two models that are potentially useful for understanding the performance of
backfill with respect to contaminant release from the near field and subsequent radiolog-
ical risk:

¢ The Near-field Component Model, which is a probabilistic model with detailed
chemistry and transport through an evolving near field, combining the advantages
of GoldSim and ToughReact.

e The Total System Model, which models the whole disposal system, using a sim-
plified representation of chemistry and transport. It is particularly suitable for
stochastic simulations of GDF performance against post-closure safety require-
ments.

Some development of modelling capability is necessary to develop insight into the pa-
rameters which may drive potential requirements on the backfill relating to:

¢ Implications of different backfill options on post-closure performance;

e Geochemical evolution, particularly for any formulations that differ from NRVB;
e Geotechnical interactions with waste packages and the host rock; and

e Modelling the safety implications of different mass backfill options.

These modelling tasks are needed to help underpin the specification of preliminary
quantitative requirements of the backfill.

A topic of particular interest concerns the potential for an appropriate backfill to mitigate
the implications of any in-waste package voidage; this will require work in each of the
areas above. This task is identified in the Backfill IPT Roadmap as Task P2-CC-T4.

Research Driver

The Backfill Integrated Project aims to ensure that RWM has underpinned backfill mate-
rials and emplacement methods for the range of potential host geological environments
to inform concept selection and support the development of site-specific designs.

Research Objective

To develop modelling capability to underpin the development of technical requirements
on backfill selection and assessment. To understand the potential for an appropriate
backfill to mitigate the implications of any in-package voidage.

Scope

Five sub-tasks are identified, covering post-closure assessment; geochemical evolution;
mechanical evolution; groundwater flow and the potential for backfill to mitigate in-waste
package voidage.

Post-closure Assessment.

This task will:
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e Summarise the post-closure safety functions of backfill in LHGW disposal con-
cepts;

e Explore the potential for alternative EBS designs to affect post-closure perfor-
mance. These should cover designs intended to limit and/or divert flow from the
disposal areas;

e Develop simple models of post-closure evolution to understand how the perfor-
mance of the backfill could affect the overall safety case for the groundwater
pathway in HSR and LSSR. These would be based on developments of the ex-
isting total system model to cover:

o Alternative geochemical evolution;

o Alternative hydraulic properties, compared to the base case assumptions, in-
cluding the potential for cracking, and the role of flow-focussing, and the po-
tential for low-conductivity barriers to improve post-closure performance.

The outputs of the model would be post-closure risk and fluxes from the near-
field;

e Discuss data availability and develop and implement an approach to parameter-
ising models of post-closure performance. For example, this could use expert
judgement initially then focused reviews of key parameters; and

e Discuss the implications of the results on backfill selection. Can we distinguish
between options, or are they all within the bounds of uncertainty?

Geochemical Evolution

The purpose of this task is to generalise the work RWM has done on the geochemical
evolution of NRVB to cover other potential cementitious backfills. This will develop un-
derstanding of the potential for other backfill specifications to meet any requirements
relating to porewater conditioning and radionuclide sorption.

One aim of the task is to model the geochemical evolution of different cementitious
backfill options using analytic models and geochemical software such as PHREEQC.
The outputs would be an understanding of the pH evolution as a function of time for a
range of cementitious backfill materials. The materials considered will include modifica-
tions to NRVB (including the additions of aggregate), variations on the Nagra M1 mor-
tar, self-compacting cements and examples of magnesium cements. Consideration will
be given to how to treat uncertainty in site properties (groundwater composition). The
use of superplasticisers in the backfill will be considered as a potential option.

The modelling will develop the capability to determine an appropriate backfill to waste
ratio to achieve a specified degree of pH buffering. The potential for un-encapsulated
waste will be considered as part of these estimates.

The task will also provide a discussion of those aspects of the geochemical evolution of
backfill that are not amenable to geochemical modelling, or where significant data gaps
exist. These topics include calcite armouring, porosity evolution, and sorption potential.

Data gaps will be identified.

Mechanical Evolution

An important requirement on the backfill relates to providing mechanical stability of the
host rock. Providing mechanical stability reduces the potential for damage to the host
rock and therefore the formation of preferential flow paths. It is expected that the me-
chanical requirements may vary significantly depending on the characteristics of the
host geology and disposal design, and that this task therefore will not be able to de-
termine definitive requirements at the current stage of siting. This task will:
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¢ Review geotechnical/mechanical requirements on backfills for LHGW from other
waste management organisations

e Qutline the potential modelling approaches used to demonstrate long-term sta-
bility, covering simple ’bulking-factor’ approaches, standard geotechnical stability
analyses/factor-of-safety and more advanced transient calculations;

e Discuss the evolution in mechanical parameters of backfill and packages as they
degrade. This should include consideration of the likelihood and effects of crack-
ing as the backfill cures;

e Provide illustrative calculations using standard equilibrium calculations that ex-
plore the implications of:

o Vault design, including the presence of crown space;
o Vault depth/ rock stress;
o The mechanical properties of the backfill;

o Package stacking arrangements, including the ability to stack packages on
interim floors;

o The amount of in-package voidage.

¢ Provide ranges of indicative geotechnical parameters that might be applicable;
and

e Propose a method of evaluating the geotechnical requirements on backfill as the
design and site properties become better known.

Modelling the Safety Implications of Different Mass Backfill Options

This work stream would involve modelling groundwater flow in and around a generic
GDF. The properties of the mass backfill would be varied and the flow and particle
tracks would be compared. The safety implications would then be considered. The task
would consider:

¢ Arange of potential GDF designs in the three illustrative geological environments.
The hydraulic properties of overlying units would also be varied; and

e Suitable chosen representative mass backfill material properties.

The modelling would discuss the implications of different backfill options on the flow
paths and post-closure safety.

Integrated Topic Report on the Potential for an Appropriate Choice of Backfill to
Mitigate the Implications of Voidage within the Disposal System

In-package voidage has been raised as an issue meriting a specific topic report. It is
possible that over long time scales in-package voidage could reduce confidence in the
post-closure performance of a disposal facility. However, an appropriate backfill selec-
tion, vault design, and package stacking arrangement may mitigate the implications of
this voidage. It may also potentially prevent the need for re-packaging of specific exist-
ing waste packages, or the need for unnecessarily onerous waste package specifica-
tions.

This task will:
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Summarise RWM’s current position on in-package voidage and its potential impli-
cations in different geological environments; and

Use the work undertaken in the tasks on: post-closure modelling, geotechni-
cal modelling and mechanical modelling to summarise how different backfilling,
stacking or vault design options might mitigate the implications of in-package
voidage.

Geology Application

HSR, LSSR, Evaporite

Output of Task

A separate topic report on each of: post-closure assessment; geochemical mod-
elling; modelling the safety implications of different mass backfill options; and
geotechnical modelling.

A topic report on the potential for an appropriate choice of backfill to mitigate the
implications on in-package voidage.

SRL/TRL at | SRL1/TRL | SRL/TRL at | SRL4/TRL | Target TRL 9

Task Start 2 Task End 5 SRL/TRL

Further Information

There are other publications relevant to this task [1].

1

D. Holton, P. Bamforth, A. Clark, V. Cloet, J. Engelhardt, D. Lever, N. Marcos,
P. Martensson, F. Neall, H. Pairaudeau, J. Pearson, D. Roberts, and A. Shel-
ton, Backfill development integrated project: Roadmap, Orchid, Contractor Re-
port RWM/Contr/20/004, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/backfill-development-integrated-project-consortium-roadmap/.
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B3.1.9 Small-scale Testing of Backfills for HSR, LSSR and Evaporite
Task Number 30.1.009 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 EBS for LHGW
Background

These tasks involve a programme of small-scale testing (with supporting modelling ac-
tivities) to establish a range of backfill properties for comparison with the technical spec-
ification.

The work is organised into three strands, as the requirements on the backfill are poten-
tially different in different hot geologies:

e P2-HSR-T1: Small-scale testing backfills for HSR
e P2-LSSR-T1: Small-scale testing backfills for LSSR
e P2-Evap-T1:. Small-scale testing backfills for evaporite

These tasks are identified in the Backfill IPT Roadmap as Task P2-HSR-T1., P2-
LSSR-T1 and P2-Evap-T1. These tasks follow on from Backfill IPT Task P2-CC-TO
(Task 30.1.002).

Research Driver

To ensure that RWM has underpinned backfill materials and emplacement methods for
the range of potential host geological environments to inform concept selection and sup-
port the development site-specific designs.

Research Objective

To understand and confirm that the backfills being tested have properties in line with the
requirements. Laboratory-scale testing is necessary to determine the basic physical and
chemical properties of backfill candidate materials, ahead of larger-scale experiments or
technical demonstrations

Scope

The scope will depend on both the requirements specified in P2-CC-T1 and the candi-
date materials proposed in Task 30.1.002.

The basic physical properties might be tested at this stage, and a subset of the other
properties. Testing radionuclide transport properties (solubility and sorption data) may
not be a priority at this stage, as the existing parameters are likely to be applicable to
a relatively wide range of cementitious grouts. However, a few ‘spot-checks’ on key
species may be useful to build confidence.

If it was concluded in Task 30.1.002 that NRVB was still the preferred option in HSR,
then only a relatively limited number of tests would be required to reconfirm properties
and redevelop capability. More extensive testing would be needed if the backfill specifi-
cations differed significantly from that of NRVB and for the material and implementation
options under consideration for LSSR and Evaporite since these options have not been
developed to the extent of NRVB.
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Testing will begin with a small number of tests, which will be able to cover basic prop-
erties such as rheology, setting time, bleed water, density and early age compressive
strength. Depending on whether the formulation has been significantly adjusted, his-
torical data may remain applicable. It is important to record the formulations investi-
gated in detail, including the source and standard of all powders used and the proper-
ties achieved, in order to limit any reworking that may be required when sources and
standards inevitably change again in future years. Subject to successful testing and a
gate review, a small number of options could be brought forward for larger-scale testing
and demonstration.

Geology Application

HSR, LSSR and Evaporite.

Output of Task

A set of interim technical notes to report progress and a topic report documenting the
overall test results and their implications.

SRL/TRL at | SRL 2/ TRL | SRL/TRL at | SRL 3/ TRL | Target TRL 9
Task Start 3 Task End 4 SRL/TRL

Further Information

Relevant publications include: [1]

1 D. Holton, P. Bamforth, A. Clark, V. Cloet, J. Engelhardt, D. Lever, N. Marcos,
P. Martensson, F. Neall, H. Pairaudeau, J. Pearson, D. Roberts, and A. Shel-
ton, Backfill development integrated project: Roadmap, Orchid, Contractor Re-
port RWM/Contr/20/004, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/backfill-development-integrated-project-consortium-roadmap/.
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B3.1.10 Larger-scale Testing of Backfills for HSR, LSSR and Evaporite

Task Number 30.1.010 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 EBS for LHGW

Background

Examples of testing and information obtained from larger-scale tests may include test-
ing proposed deployment equipment (i.e. mixers and pumps), or smaller scale ana-
logues. Larger-scale tests could identify any issues associated with mixing or deploying
at a large scale that may not have been observed when mixing at smaller-scale, such
as changes to fluidity using different mixing techniques and scales. The results of the
larger-scale testing should confirm and support results obtained at small-scale. In the
event of any major potential issues being experienced, however, there is opportunity to
adapt formulations if required by feeding back to laboratory trials.

These tasks are identified in the Backfill IPT Roadmap as Task P2-HSR-T2, P2-LSSR-
T2 and P2-Evap-T2. These tasks follow on from Backfill IPT Tasks P2-HSR-T1, P2-
LSSR-T1 and P2-Evap-T1.

Research Driver

To ensure that RWM has underpinned backfill materials and emplacement methods for
the range of potential host geological environments to inform concept selection and sup-
port the development site-specific designs.

Research Objective

To provide a convincing demonstration of practical capability in backfilling in HSR, facili-
tating engagement with a range of stakeholders.

Scope

Potential topics to investigate could include:
e Long-range, more realistic flow testing;
e Changes to setting time brought on by increased exotherm at large scale;

e The possibility of matrix cracking, either at the surface through localised loss of
water, or deeper due to segregation or variations in setting times and exotherms;

e The effects of multiple batch mixes on overall integrity, i.e. bonding and interface
of multiple batches;

¢ The influence of, and effect on, packages encapsulated within the backfill;
e Mix variations cause by flow around packages; and
e The effects of variation in stacking uniformity and spacing of packages.

Samples can be cast and cores taken from the large pours to determine these and
other properties. The option of larger-scale retrievability/recoverability tests could also
be considered if necessary. The effects of retrieval on the waste package could be in-
vestigated, as could the potential for remote retrieval operations.

Geology Application

Separate tasks focused on backfills in HSR, LSSR and Evaporite may be specified.
However the potential to use a common backfill in HSR and LSSR will be considered.

Output of Task

A topic report describing the results of the tests.

SRL/TRL at | SRL 3/TRL SRL/TRL at | SRL 4/TRL Target TRL 9
Task Start 4 Task End 5 SRL/TRL
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Further Information

There are other publications relevant to this task [1].

1 D. Holton, P. Bamforth, A. Clark, V. Cloet, J. Engelhardt, D. Lever, N. Marcos,
P. Martensson, F. Neall, H. Pairaudeau, J. Pearson, D. Roberts, and A. Shel-
ton, Backfill development integrated project: Roadmap, Orchid, Contractor Re-
port RWM/Contr/20/004, 2020. [Online]. Available: https://rwm.nda.gov.uk/
publication/backfill-development-integrated-project-consortium-roadmap/.
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B3.2 WBS 30.2 - EBS for HHGW

B3.2.1 Experimental Design: High Temperature Backfill Functional
Requirements

Task Number 30.2.001 Status Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 EBS for HHGW

Background

One of the safety functions provided by a cementitious backfill is its contribution to
chemical containment by maintenance of alkaline pore-water over timescales of tens to
hundreds of thousands of years. RWM is undertaking work supporting our understand-
ing of this safety function. Over several decades waste management organisations in-
ternationally have undertaken a significant programme of R&D on cementitious backfills
for use in ILW disposal concepts. Previous work to develop disposal concepts for high
heat generating wastes has introduced the possibility of temperatures well in excess of
100°C where alternative buffers/backfills to bentonite clay may be required. Cement-
based systems may be one such alternative, but there is currently inadequate under-
standing of their performance and evolution at such high temperatures in a geological
disposal context. This task concerns the development of a scope for a programme of
work to identify and characterise potential cement-based systems for use in this context.
A significant input is the review undertaken by the HHIPT on performance of cements
and concretes at high temperature.

Research Driver

To support concept development by building an understanding of the effect of elevated
temperatures (e.g. 100°C) on backfill performance.

Research Objective

To develop an experimental programme which will inform the testing and development
of cementitious backfills to meet the safety functional requirements for a cement based
disposal system for HHGW.

Scope

¢ To identify the safety functions required from a cementitious backfill in high heat
generating waste disposal concepts.

¢ To identify a range of possible backfill materials for investigation.

e To identify processes which are likely to affect the performance of the backfill in
achieving its safety functions at high temperatures.

¢ To develop the scope for an experimental and modelling programme to underpin
alternative backfill performance.

Geology Application

HSR, LSSR

Output of Task

Understanding, data and an experimental and modelling programme to inform an eval-
uation of cementitious materials in concept options for HHGW. It is envisaged that this
task will be reported via a combination of a contractor report and supporting technical
journal publications.

SRL/TRL at | SRL 2 SRL/TRL at | SRL 4 Target SRL 4
Task Start Task End SRL/TRL
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Further Information

This task draws the relevant outcomes of the HHIPT and the concepts IPT into the
near-field research programme. There are several publications relevant to this task [1],
[2].

1 Radioactive Waste Management, Geological disposal: High heat generating
project - final report, RWM Report NDA/RWM/136, 2016. [Online]. Available:
http://rwm.nda.gov.uk/publication/geological-disposal-high-heat-generating-
wastes-project-final-report/.

2 P. Bamforth et al., Project ankhiale: Task E2.3 review of cement performance
at high temperatures, Ref 103726-0009-UA00-TLN-0001, 2016.
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B3.2.2 Effect of High Temperatures (>100°C) on Cement Backfill for
Spent Fuel (SF) / Multi-Purpose Containers (MPC)

Task Number 30.2.002 | Status | Start date in future

WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution

WBS Level 5 EBS for HHGW

Background

One of the safety functions provided by a cementitious backfill is its contribution to
chemical containment by maintenance of alkaline pore-water over timescales of tens
to hundreds of thousands of years. RWM is undertaking work supporting our under-
standing of this safety function. Over several decades waste management organisa-
tions internationally have undertaken a significant programme of R&D on cementitious
backfills for use in ILW disposal concepts. Recent work to develop disposal concepts
for high-heat generating wastes has introduced the possibility of temperatures well in
excess of 100°C where alternative buffers/backfills to bentonite clay may be required.
Cement-based systems may be one such alternative but there is currently inadequate
understanding of their performance and evolution at such high temperatures in a geo-
logical disposal context. This task implements the scope defined in Task 30.2.001.

Research Driver

To support concept development by building an understanding of the effect of elevated
temperatures (>100°C) on backfill performance in a cavern concept for spent fuel.

Research Objective

To determine whether high temperatures affect the long-term performance of a cement
backfill and its ability to deliver the required safety functions (e.g. its ability to condition
porewater to the required pH range, to enable gas migration to the far field, and to sorb
radionuclides).

Scope

Implement the experimental scope will be defined in the predecessor task
(Task 30.2.001).

Geology Application

HSR, LSSR

Output of Task

Understanding and data to inform an evaluation of cementitious materials in concept
options for high heat generating waste.

It is envisaged that this task will be reported via a combination of a contractor report
and supporting technical journal publications.

SRL/TRL at | SRL 2 SRL/TRL at | SRL 4 Target SRL 4
Task Start Task End SRL/TRL

Further Information
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B3.3 WBS 30.3 - Clay-Based EBS

B3.3.1 Microbiology in the Near-field
Task Number 30.3.001 | Status | Ongoing
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Clay-based EBS
Background

Disposal of radioactive wastes in a GDF creates an environment within which a range
of microbes can thrive. Microbial activity in this environment harnesses a range of elec-
tron acceptors and donors present within the waste, barrier systems and adjacent host
rock, ultimately influencing the evolution and performance of the disposal system [1].
In RWM’s illustrative designs for LSSR and HSR, bentonite is chosen as an EBS for
HHGW. Bentonite has a number of favourable properties which allow it to fulfil spe-
cific safety functions. Studies have shown, however, that microbial populations exist
within bentonite [2] and host rock material adjacent to excavations, as well as interfa-
cial areas between barrier components [3]. Such microbes can be resistant to stresses
present within a repository environment [1]. Together, the system of waste container,
engineered barriers and adjacent host rock can be considered as the ‘near-field’ and,
for this task, will be considered as a single unit to capture microbial processes which
act across these components.

Research Driver

Microbial processes have the potential to influence processes in the near-field such as
the formation of mineral phases, geochemistry and the transport of radionuclides. The
processes should therefore be accounted for within safety assessments and are cur-
rently subsumed into generic uncertainty within total system models. Some early at-
tempts have been made to develop models to capture the influence of microbial pro-
cesses [1], [4], although since publication of these works there have been significant ad-
vances in both understanding of microbial processes and numerical modelling capability.
Yet, there is a general lack of published work exploring the development of numerical
models in recent years, which are able to help bound uncertainty associated with micro-
bial activity.

Research Objective

Explore the influence of microbial activity on processes within a GDF, identifying the in-
fluence they have on the physicochemistry under a realistic range of scenarios, such
that associated uncertainty can be more effectively constrained. More effectively con-
strained uncertainty within the post-closure safety case will have knock-on implications
for system optimisation and design efficiency.

Scope

The scope for this task is as follows:

¢ To develop a numerical model to represent known geochemical processes influ-
enced by microbiology in the near-field of HHGW.

e To develop in-situ experiments or use existing experimental data to allow the
model to be tested.

e Testing of numerical model using laboratory data.
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e Use model to predict ranges of geochemical processes influenced by microbial
processes within a GDF environment and identify key sensitivities.
This scope is planned to be delivered through an RWM led, university delivered work-in-
kind contribution to the MA experiment at Mont Terri Underground Rock Laboratory. Fur-
ther scope may be identified as a result of this PhD, for example a need for further data
collection to validate models. Additional scope within the remit of the stated research
need will be conducted under this task.

Geology Application

LSSR, HSR

Output of Task

This work will be delivered through a PhD to be let through RWM'’s Research Support
Office. Outputs will include:

e A minimum of two peer-reviewed papers.
e PhD thesis and presentation to RWM staff.

e Knowledge capture in RWM'’s knowledge base.

SRL/TRL at | SRL 2 SRL/TRL at | SRL 3 Target SRL 4
Task Start Task End SRL/TRL

Further Information

1 I. G. McKinley, I. Hagenlocher, W. Russell-Alexander, and B. Schwyn, Micro-
biology in nuclear waste disposal: Interfaces and reaction fronts. FEMS Mirco-
biology Reviews, vol. 2019, pp. 545-556, Issues 3-4 1997. [Online]. Available:
https://doi.org/10.1111/j.1574-6976.1997 .tb00337 .x.

2 H. Liu, X. Dang, H. Zhang, J. Dong, Z. Zhang, C. Wang, R. Zhang, Y. Yuan
Y.and Ren, and W. Liu, Microbial diversity in bentonite, a potential buffer mate-
rial for deep geological disposal of radioactive waste. |IOP Conference Series:
Earth and Environmental Science, vol. 227, 2019. [Online]. Available: https:
//www . researchgate . net/publication/ 331472406 _Microbial _diversity _in_
bentonite _a_potential buffer _material _for_deep geological disposal_of
radioactive_waste.

3 O. X. Leupin, R. Bernier-Latmani, A. Bagnoud, H. Moors, N. Leys, K. Wouters,
and S. Stroes-Gascoyne, Fifteen Years of Microbiological Investigation in
Opalinus Clay at the Mont Terri rock Laboratory. Swiss Journal Geosciences,
vol. 110, pp. 343-354, 2017. [Online]. Available: https://link.springer.com/
article/10.1007/s00015-016-0255-y.

4 H. E. Arter, K. W. Hanselmann, and R. Bachofen, Modelling of microbial degra-
dation processes: The behaviour of microorganisms in a waste repository. Ex-
perientia, vol. 47, pp. 578-583, Issue 6 1991. [Online]. Available: https://link.
springer.com/article/10.1007/BF01949880.
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B3.3.2 Bentonite Sourcing for Clay-based EBS
Task Number 30.3.002 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Clay-based EBS
Background

Bentonite is currently used as an EBS material within RWM'’s illustrative designs for
the disposal of HHGW in lower strength sedimentary and higher strength generic rock
types. Its utility as an EBS material is due to several beneficial properties, notably low
hydraulic conductivity and ability to achieve high swelling pressures upon re-saturation.
The specific type of bentonite identified in RWM’s illustrative designs is a high sodium
montmorillonite content material, sourced from a deposit in Wyoming. This Wyoming
bentonite, historically known by the trade name MX80, has been extensively studied by
both UK and international programmes. The science underpinning its use is generally
well understood.

As repository programmes have advanced, European WMOs have started to consider
the use of alternative bentonites, given constraints of supply and cost [1]. However,
global bentonite reserves are highly variable in composition and therefore performance
related properties may differ considerably. Since alternatives to Wyoming bentonite are
less well studied, there is greater uncertainty surrounding their performance within a ra-
dioactive waste repository.

Research Driver

This is a high-level task that will inform the long-term development of generic GDF con-
cepts, but will also be of significance to near-term tasks, particularly research into ben-
tonite evolution which, to date, has been dominated by studies focussing on Wyoming
type material. This research will, in time, inform the design requirements of the barrier
systems. It is noted that there are overseas efforts to conduct similar work, and there-
fore where collaboration and participation in international projects exists, this should be
considered as part of this task.

Research Objective

To understand viable bentonite reserves which may be suitable for the UK programme
and quality constraints and data limitations which may require further investigation.

Scope

This work will identify bentonite resources, reserves and implications on cost, availability
and performance which will be essential in making effective concept selection and de-
sign decisions as well as accurate budget forecasts. It will be delivered via a literature
review that will assess sources of bentonite, factors affecting ongoing and long-term
availability and, potential alternative strategies for securing suitable bentonite material
(or equivalent). Follow on activities are to be identified by the literature review and may
consist, for example, of some sampling and analysis (see follow on Task 30.3.003). Key
aspects of this task are as follows:

e Literature review of bentonite reserves and suitability for use in the UK pro-
gramme.

e Participation in overseas characterisation programmes and knowledge capture,
e.g. proposed EURAD project: Industrial scale operations for buffer and backfill
(topic 3.2). Criteria for Clay Component Materials.

¢ Follow on scope to be defined by literature review with the objective of further
defining suitable bentonite EBS materials for the UK programme.

Geology Application

LSSR, HSR
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Output of Task

A contractor approved report presenting the literature review and future research needs.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 4
Task Start Task End SRL/TRL

Further Information

There are other publications relevant to this task [2].

1 E. Thurner, Short comparison between MX80 and BARA-KADE, SKB Docu-
ment ID 1887259, 2020.

2 D. Svensson, C. Lundgren, and L. Johannesson, Developing strategies for ac-
quisition and control of bentonite for a high level radioactive waste repository,
SKB, SKB Report TR-16-14, 2017. [Online]. Available: http://www.skb.com/
publication/2489029/TR-16-14.pdf.
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B3.3.3 Bentonite Sourcing for Clay-based EBS (follow on)
Task Number 30.3.003 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Clay-based EBS
Background

Bentonite is currently used as an EBS material within RWM'’s illustrative designs for
the disposal of HHGW in lower strength sedimentary and higher strength generic rock
types. Its utility as an EBS material is due to several beneficial properties, notably low
hydraulic conductivity and ability to achieve high swelling pressures upon re-saturation.
The specific type of bentonite identified in RWM’s illustrative designs is a high sodium
montmorillonite content material, sourced from a deposit in Wyoming. This Wyoming
bentonite, historically known by the trade name MX80, has been extensively studied by
both UK and international programmes. The science underpinning its use is generally
well understood.

As repository programmes have advanced, European WMOs have started to consider
the use of alternative bentonites, given constraints of supply and cost [1]. However,
global bentonite reserves are highly variable in composition and therefore performance
related properties may differ considerably. Since alternatives to Wyoming bentonite are
less well studied, there is greater uncertainty surrounding their performance within ra-
dioactive waste repositories.

This task follows on from literature review work conducted in precedingTask 30.3.002 to
address identified high-priority knowledge gaps.

Research Driver

This task will address knowledge gaps to ensure RWM is equipped with the necessary
knowledge to make decisions on bentonite sourcing for its programme. It will contribute
to concept development and ultimately inform work to underpin the site-specific disposal
system specification.

Research Objective

To understand viable bentonite reserves which may be suitable for the UK programme
and understand the properties and behaviour of these materials.

Scope

The scope of this task will be defined once the literature review phase has been
completed (Task 30.3.002) but is likely to consist of exploratory and analytical work,
database creation, as well as initiating a programme of experimental and modelling
work to validate performance of alternative bentonites against current understanding.

Geology Application

LSSR, HSR

Output of Task

High quality parametric data to support decision making on bentonite sourcing for GDF.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL

Further Information

It is noted that there are overseas efforts to conduct similar work, and therefore where
collaboration and participation in international projects exists, this should be considered
as part of this task.
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There are other publications relevant to this task [2].

1 E. Thurner, Short comparison between MX80 and BARA-KADE, SKB Docu-
ment ID 1887259, 2020.

2 D. Svensson, C. Lundgren, and L. Johannesson, Developing strategies for ac-
quisition and control of bentonite for a high level radioactive waste repository,
SKB, SKB Report TR-16-14, 2017. [Online]. Available: http://www.skb.com/
publication/2489029/TR-16-14.pdf.
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B3.3.4 Development of a Clay EBS Material Characterisation
Task Number 30.3.004 | Status | Start date in the future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Clay-based EBS
Background

Once prospective sites have been down-selected to two, site-specific information

will start to inform disposal concepts, designs and repository components such as
bentonite-based EBS. To be ready to do this, we first need to understand what proper-
ties we need to characterise and what techniques exist to do this. Some key properties
for investigation are likely to include the following:

e Swelling pressure (since high swelling pressures are required to preclude micro-
bial activity).

e Hydraulic conductivity (since flow in the EBS will be diffusion controlled).

e Shear strength (since, in the case of displacement across a deposition hole, the
EBS must deform to protect the container from shear forces).

We will also need to develop and build capability within the UK supply chain to perform
these tests and/or to develop methodologies and approaches that we can use. In the
longer-term, as our site-specific programme progresses, we will also need to develop
strategies for validating and verifying bentonite materials on a bulk scale. As part of
which, we will need to decide what type, and extent of facilities would be needed to do
this.

Research Driver

To identify the steps required to move RWM from our current state of understanding
and capability to take us to the point of specifying a bentonite testing programme for the
GDF. For this we need to understand how long these steps may take and when they
need to be started relative to GDF first waste emplacement, allowing us to manage our
programme.

Research Objective

To develop a strategy and capability for testing and characterising bentonite buffer ma-
terials to demonstrate they satisfy required future disposal system requirements. The
objectives are to:

e Understand what is required to characterise bentonite for use in the GDF (i.e. in-
situ field-scale tests, laboratory experiments and interpretational capabilities);

e Understand what capability currently exists within our supply chain to charac-
terise bentonite;

e Develop supply chain capabilities in order that they meet the needs of the pro-
gramme at the point they are required; and

e Develop a characterisation and testing strategy for the bentonite EBS from which
compliance to required performance criteria can be demonstrated.
It will be necessary to develop a step-wise, time-bound programme to be followed to
achieve the required capabilities in support of expected first waste emplacement time-
frames.

Scope

The objectives for this task are broad and the timescale to deliver the scope of works
will be in the order of years and decades. This task sheet will be regularly updated
to ensure progress against the objectives. The scope commencing in financial year
2021/22 is likely to include the following:
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e Develop a roadmap to define RWM’s approach to experimental planning, sourc-
ing analytical equipment and resourcing of an analytical facility.

e Participation in international programmes, exposing RWM'’s supply chain and in-
ternal Intelligent Client to methods and strategies used to characterise bentonite.

e Maintain a watching brief of techniques being undertaken by other WMOs as part
of their bentonite characterisation programme and ensuring knowledge capture
for RWM.

Geology Application

LSSR, HSR

Output of Task

Roadmap and bentonite characterisation strategy with appropriately resourced pro-
gramme.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 5 Target SRL 6
Task Start Task End SRL/TRL

Further Information
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B3.3.5 Clay EBS THM-C Coupled Process Model Development
Task Number 30.3.005 | Status | Ongoing
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Clay-based EBS
Background

Re-saturation and mechanical evolution of clay-based EBS is a complex process which
depends upon the properties both of the buffer and the host rock, as well as upon the
influence of thermal loading. At the time of writing, RWM assumes illustrative designs
for lower strength sedimentary and higher strength rock types to fulfil defined require-
ments. There are, however, a number of ways in which buffers could be deployed in a
future concept to achieve these requirements which can influence their re-saturation.
For example, this can include compacted bentonite rings, blocks, pelletised bentonite or
graded granular backfill; all of which behave differently when subjected to water inflows.
Furthermore, the nature (geochemistry; hydrogeology) and rate of inflow can influence
buffer re-saturation.

There is a combined effort among waste management organisations internationally
to better understand the nature of EBS re-saturation, as well as movement of solutes
through them, in order to more effectively underpin defined safety functions. This in-
cludes numerical model development and testing through SKB’s EBS Task Force, the
EC Beacon and DECOVALEX projects, in which RWM has participated over recent
years [1]-[9].

Thermo-Hydro-Mechanical

Once site-specific information becomes available for the UK programme, having em-
bedded knowledge and capability to develop models to explain EBS re-saturation and
mechanical evolution will be central to developing understanding of the near-field and
wider HHGW disposal system. Re-saturation rates exert a key control on the evolution
of the geotechnical stress regime of the repository as well as heat transfer and gas mi-
gration. These processes must be well understood to properly inform the development
of site-specific designs, specifically relating to engineering geotechnics, EBS emplace-
ment procedure and thermal dimensioning.

(Thermo-Hydro-Mechanical) — Chemical

Solute movement through the EBS has significant implications for container corrosion
and radionuclide mobility. Transport of solutes through re-saturated clay-based EBS is
controlled by the chemistry and geometry of the inter-layer space within the clay. Re-
cent advances in development of numerical models to explain the transport of solutes
have, however, identified a predictive capability for the development of swelling pres-
sures within these materials (Hoch and Birgersson, in-press [10] — [11, Task 462]). Al-
though the capability to model this coupled process is only emerging, further develop-
ment could offer an alternative ‘whole system’ approach to modelling coupled processes
in clay-based EBS.

Research Driver

This task ensures that RWM has the required capability to develop site-specific de-
signs and an integrated safety case at the right time in the GDF programme. This will
be achieved through participation in modelling forums such as DECOVALEX, BEACON,
the EBS Task Force.

Research Objective

The development and maintenance of a toolkit and personnel capability (in supply chain
and academia) to be able to develop process-based models to describe the THM-C
evolution of bentonite EBS.
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Scope

Clay-based EBS modelling capability will be developed and maintained by the following:

Participating in SKB’s EBS Task Force at a ‘maintaining capability’ level (commer-
cial supply chain).

Participating in additional modelling tasks relating to the Grimsel hotBENT and
Mont Terri FE experiments in Switzerland (via sponsored PhD projects).

Participating in the international EC BEACON project which explores the mechan-
ical evolution of bentonite (commercial supply chain).

Participating in barrier system elements of the international DECOVALEX 2023
project (commercial supply chain). DECOVALEX also explores coupled pro-
cesses in the geosphere which is covered byTask 50.3.002, Task 50.3.003 and
Task 50.3.004).

Seeking co-funding for further development of work conducted by Hoch and Birg-
ersson (in press) [10].

Geology Application

LSSR, HSR

Output of Task

PhD theses and contractor approved technical note/report.

SRL/TRL at | SRL 5 SRL/TRL at | SRL 5 Target SRL 5

Task Start Task End SRL/TRL
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Further Information

For further information see: https://www.beacon-h2020.eu/%5D https://decovalex.org/

1

10

11

S. Baxter, D. Holton, and A. Hoch, Modelling Bentonite Resaturation in the
Bentonite Rock Interaction Experiment (BRIE) - Task 8C, AMEC, Contractor
Report D.005529/13/01 (Version 2), 2014.

A. Bond, N. Chittenden, and K. Thatcher, Rwm coupled processes project —
first annual report for decovalex-2019, Quintessa, Contractor Report QRS-
1612D-R1-v1.2, 2017. [Online]. Available: http://rwm.nda.gov.uk/publication/
rwm-coupled-processes-project-first-annual-report-for-decovalex-2019/.

S. Baxter, D. Holton, and A. Hoch, Calibrated modelling of resaturation in the
bentonite rock interaction experiment (brie) - task 8d, AMEC, Contractor Re-
port 103453-AG-0001/T8012013/14, 2014. [Online]. Available: http://rwm.nda.
gov.uk/publication/calibrated-modelling-of-resaturation-in-the-bentonite-rock-
interaction-experiment-brie-task-8d/.

A. Bond, N. Chittenden, and K. Thatcher, Second annual report for
DECOVALEX-2019, QRS-1612D-R2, 2018. [Online]. Available: https://rwm.
nda.gov.uk/publication/15197/.

G. Carta, S. Baxter, V. Tsitsopoulos, D. Holton, and A. Gordon, Task force on
engineered barrier systems: Code comparison and sensitivity analysis, AMEC
Foster Wheeler, Contractor Report 024127-AA-UA00-00001-01-3, Mar. 2018.
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barrier-systems-code-comparison-and-sensitivity-analysis/.

A. Bond, N. Chittenden, and K. Thatcher, Rwm coupled processes project

- second annual report for decovalex-2019, Quintessa, Contractor Report
RWM/Contr/19/026, 2019. [Online]. Available: http://rwm . nda.gov . uk/
publication/15197/.

V. Tsitsopoulos, S. Baxter, G. Carta, and D. Holton, Modelling of the Prototype
Repository Experiment at the Aspo Hard Rock Laboratory: Part of the Aspo
Engineered Barrier Systems Task Force, AMEC, Contractor Report 204127-
AA-UA00-00001-02-6, 2018. [Online]. Available: http://rwm.nda.gov.uk/
publication/modelling-of-the-prototype-repository-experiment-at-the-%d3 %
93sp % d3 % a7 - hard - rock - laboratory - part - of - the - %d3 % 93sp % d3 % a7 -
engineered-barrier-systems-task-force/.

K. Thatcher, Febex-dp: Thm modelling, Quintessa, Contractor Report QRS-
1713A-R2 v1.8, Mar. 2017. [Online]. Available: http ://rwm .nda . gov . uk/
publication/febex-dp-thm-modelling/.

J. Wilson, Febex-dp - geochemical modelling of iron-bentonite interactions,
Quintessa, Contractor Report QRS-1713A-R3 Version 1.3, May 2017. [Online].
Available: http://rwm.nda.gov.uk/publication/febex-dp-geochemical-modelling-of-
iron-bentonite-interactions/.

A. Hoch and M. Birgersson, Solute transport through saturated, compacted
bentonite - theoretical considerations and the development of a prototype
software tool, Wood, Contractor Report RWM/Contr/20/007, Apr. 2020. [On-
line]. Available: https://rwm.nda.gov . uk/publication/solute - transport -
through-saturated-compacted-bentonite-theoretical-considerations-and-the-
development-of-a-prototype-software-tool/.

Nuclear Decommissioning Authority, Geological Disposal: Science and Tech-
nology Plan, NDA Report NDA/RWMD/121, 2016. [Online]. Available: https:
/lwebarchive.nationalarchives.gov.uk/20181001115909/https://rwm.nda.gov.uk/
publication/science-and-technology-plan-ndarwm121/.
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B3.3.6 Impacts of High Temperature on a Clay-based EBS
Task Number 30.3.006 | Status | Ongoing
WBS Level 4 Engineered barrier Systems (EBS) and their Evolution
WBS Level 5 Clay-based EBS
Background

Bentonite is currently used by RWM in its illustrative designs as part of an EBS to sur-
round the disposal containers of HHGW. Radioactive decay within these wastes ex-
poses the buffer to heat. When heated to high temperatures, however, bentonite can be
affected by processes which cause changes to its mineralogical and physical structure.
Such changes may adversely impact the properties of bentonite EBS and therefore its
ability to deliver its safety functions (as set out in RWM 2016a). In the current illustra-
tive designs, it is the bentonite buffer component which constrains the overall thermal
loading to the HHGW disposal system (RWM 2016b); while RWM may not necessarily
utilise these illustrative designs it is likely that bentonite would comprise an EBS compo-
nent in HSR or LSSR. Due to arbitrary thermal constraints adopted by international pro-
grammes and adopted in RWM's illustrative designs, there is a general lack of knowl-
edge of the processes which occur in bentonite much above 100°C. However, for the
UK programme in particular, there is a need to understand bentonite evolution at higher
temperatures. This is driven by the need to dispose of high-burn up fuels in our inven-
tory, and those planned for new-build nuclear. An increased understanding of the effect
of higher temperatures on the EBS will help us to optimise disposal concepts; container
loading and disposal gallery designs. It will also reduce the required surface storage
times for these fuels, with a significant impact on surface storage costs.

To date, RWM has been involved in a number of overseas heated emplacement exper-
iments, including FEBEX [1], and the Alternative Buffers project [2]. These have pro-
vided RWM with some good opportunities for THM coupled process model development
[3] and analytical method development [4] respectively. However, a need remains to un-
derstand the phenomenological impacts of higher temperatures, such that the thermal
limits of bentonite can be robustly underpinned and possibly extended.

Research Driver

In order to develop the EBS for HHGW it is necessary to understand the maximum tem-
perature requirement associated with degradation of bentonite performance through
thermal illitisation. This requirement may impact the spacing of disposal containers and
hence the GDF footprint, hence it is important to identify the constraining temperature in
the use of bentonite.

Research Objective

¢ To gain a mechanistic understanding of the THM-C performance of bentonite at
temperatures above 100/125°C in HSR and LSSR respectively.

¢ To gain an understanding of the impacts of steam generation on bentonite barrier
systems.

e To underpin decisions regarding the ability of bentonite to perform the required
safety function at temperatures above 100/125°C in HSR/LSSR, respectively.

e To develop supply-chain capability in numerical modelling and experimental work,
in particular the ability to deliver and operate large-scale underground experi-
ments and parallel laboratory campaigns.

Scope

In order to assess the impacts of higher temperatures on the safety functions of the
EBS, RWM will participate in several international experimental projects. These include:
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HotBENT, High temperature emplacement experiment at the Grimsel Test Site

The proposed HotBENT experiment at the Grimsel URL is intended to assess phe-
nomenological aspects of bentonite performance at high temperatures, in excess of
the limits currently adopted in the gDSSC. The experiment will comprise a series of
full-scale heater tests, exploring the impacts of temperatures of up to between 150
and 200°C on the bentonite buffers in a high strength rock environment. A major spin-
off benefit of HOtBENT is the ability for RWM and its supply chain to be involved with
the design and development of a large in-situ emplacement experiment. In addition to
the main HotBENT experiment, the US DOE (via LBNL) has developed a bench-scale
mock-up of HotBENT, which was proposed for a modelling task in the EBS Task Force.
RWM plans to explore the options for modelling this experiment as an EBS Task Force
participant.

European Joint Programme (EURAD) high-temperature clay laboratory pro-
gramme

A laboratory based programme which will support interpretation of underground heater
test data. RWM will co-fund work by BGS to evaluate the i) nearfield and farfield per-
formance of LSSR host rocks, and ii) the evolution of bentonite at high temperatures
through a matrix of laboratory tests. RWM'’s participation to EURAD will also produce
a synthesis report that will evaluate the learning from the experiments in the context of
the safety case.

Mont-Terri Full-Scale Emplacement (FE) experiment

RWM is a partner to the FE experiment at Mont Terri. This project is in two parts, FE-M
evaluates the THM evolution and performance of the bentonite buffer, and FE-G eval-
uates the evolution and generation of gases within the bentonite buffer of the FEin-situ
experiment. This experiment is the first of its kind in which RWM will participate, since
the clay host rock provides different boundary conditions to those encountered in higher
strength rocks explored elsewhere. In-kind work will be delivered through the supply
chain and university partnerships. Additional related research/capability needs may
arise throughout the duration of the campaign of work, which will be captured by this
task.

Geology Application

LSSR, HSR

Output of Task

Development of supply chain and delivery of improved understanding of ‘bentonite per-
formance at high temperature’, together with underpinning data, as captured in the suite
of contractor reports delivered under this contract.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL
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Further Information

For further information, see the 2016 ESC.

1

G. W. Lanyon and G. |., Main outcomes and review of the FEBEX in situ test
(GTS) and mock-up after 15 years of operation, Nagra, Nagra Report NAB 13-
096, 2013.

T. Sanden, U. Nilsson, and D. Svensson, ABM45 experiment at Asp6é Hard
Rock Laboratory: Installation report, SKB, SKB Report P-18-20, 2018. [Online].
Available: https://www.skb.com/publication/2491709/P-18-20.pdf.

K. Thatcher, Febex-dp: Thm modelling, Quintessa, Contractor Report QRS-
1713A-R2 v1.8, Mar. 2017. [Online]. Available: http ://rwm . nda.gov . uk/
publication/febex-dp-thm-modelling/.

M. Leal Olloqui, J. C. P., K. R. Hallam, and T. B. Scott, A study of bentonite
alteration at heated steel surfaces in a geological disposal facility setting.
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B3.3.7 Piping and Erosion of Clay-based EBS: Review
Task Number 30.3.007 Status Ongoing (subsumes
[1, Task 468] and [1,
Task 471])
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Clay-based EBS
Background

The safety function of a bentonite clay-based EBS relies upon high swelling pressures
which arise when compacted bentonite resaturates. However, piping and erosion are
mechanisms by which groundwater can cause a net reduction in effective dry density
within the engineered barrier. In this case, the bentonite may not consistently achieve
desired swelling pressures to adequately fulfil its safety function.

Research Driver

A significant body of knowledge on piping and erosion exists internationally, for example
work undertaken by researchers in Finland and Sweden [2]-[4]. However, little research
on piping and erosion has been conducted by the UK programme, which, for example,
has specific high-temperature disposal requirements. A broad review of bentonite ero-
sion work is therefore required to update the current knowledge base, identify knowl-
edge gaps and future research needs for the UK programme.

Research Objective

To understand the relevance of piping and erosion of the EBS to the UK programme,
bringing together international expertise and considering factors relevant to the UK (e.g.
groundwater quality).

Scope

The first phase consists of conducting a literature review, seeking expertise through a
technical review group and production of a literature review, covering the following key
areas:

e Background, including UK context such as water quality.

e Review of mechanical erosion, defining mechanisms for piping and erosion, in-
cluding the production of a literature review.

¢ Review of chemical erosion, of particular relevance to HSR environments and
glacial meltwater.

e Assessment of capability to understand safety implications and, if necessary, de-
velop numerical models to explain piping and erosion.

A second follow-on phase may be required following initial literature review work. It is
expected that, if required, follow on work will consist of a laboratory and modelling pro-
gramme to assess the potential and nature of erosional processes, relating to UK spe-
cific factors such as water quality, concept and bentonite type.

Geology Application

HSR

Output of Task

e Deliverable consisting of a literature review and gap analysis, peer reviewed
and publishable to RWM'’s bibliography. This report is expected by the end of
2020/21.

¢ Follow on tasks will be identified by this review, if required.
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SRL/TRL at | SRL 4 SRL/TRL at | SRL 4 Target SRL 5

Task Start Task End SRL/TRL

Further Information

There are other publications relevant to this task [5].

1

Nuclear Decommissioning Authority, Geological Disposal: Science and Tech-
nology Plan, NDA Report NDA/RWMD/121, 2016. [Online]. Available: https:
/lwebarchive.nationalarchives.gov.uk/20181001115909/https://rwm.nda.gov.uk/
publication/science-and-technology-plan-ndarwm121/.

T. Laurila, M. Olin, K. Koskinen, and P. Sane, Current Status of Mechanical
Erosion Studies of Bentonite Buffer, Posiva Oy, Posiva Oy Report 2012-45,
2013. [Online]. Available: http://www.posiva.fi/files/3349/POSIVA_2012-45.pdf.
I. Neretnieks and L. Moreno, Reuvisiting bentonite errosion understanding and
modelling based on the BELBaR project findings, SKB, SKB Report TR-17-12,
2018. [Online]. Available: http://www.skb.com/publication/2490990/TR-17 -
12.pdf.

L. Bérgesson and T. Sandén, Piping and erosion in buffer and backfill materi-
als: Current knowledge, SKB, SKB Report R-06-80, 2006. [Online]. Available:
http://www.skb.com/publication/1152536/R-06-80.pdf.

P. Sellin, Bentonite erosion: Effects on the long-term performance of the engi-
neered barrier and radionuclide transport (BELBaR) Final Report, 2016. [On-
line]. Available: https://cordis.europa.eu/docs/results/295/295487 /final1-final-
report-en-final-20160428.pdf.

190



https://webarchive.nationalarchives.gov.uk/20181001115909/https://rwm.nda.gov.uk/publication/science-and-technology-plan-ndarwm121/
https://webarchive.nationalarchives.gov.uk/20181001115909/https://rwm.nda.gov.uk/publication/science-and-technology-plan-ndarwm121/
https://webarchive.nationalarchives.gov.uk/20181001115909/https://rwm.nda.gov.uk/publication/science-and-technology-plan-ndarwm121/
http://www.posiva.fi/files/3349/POSIVA_2012-45.pdf
http://www.skb.com/publication/2490990/TR-17-12.pdf
http://www.skb.com/publication/2490990/TR-17-12.pdf
http://www.skb.com/publication/1152536/R-06-80.pdf
https://cordis.europa.eu/docs/results/295/295487/final1-final-report-en-final-20160428.pdf
https://cordis.europa.eu/docs/results/295/295487/final1-final-report-en-final-20160428.pdf

NDA/RWM/167

B3.3.8 Piping and Erosion of Clay-based EBS — Follow on Task,
Laboratory and Modelling Programme
Task Number 30.3.008 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Clay-based EBS
Background

The safety function of a bentonite clay based Engineered Barrier Systems relies upon
high swelling pressures which arise when compacted bentonite resaturates. However,
piping and erosion are mechanisms by which groundwater can cause a net reduction in
effective dry density within the engineered barrier. In this case, the bentonite may not
consistently achieve desired swelling pressures to adequately fulfil its safety function.

Research Driver

A significant body of knowledge on piping and erosion exists internationally, for exam-
ple work undertaken by researchers in Finland and Sweden [1]-[3]. However, little re-
search on piping and erosion has been conducted by the UK programme, which, for
example, has specific high temperature disposal requirements. A broad review of ben-
tonite erosion work is therefore to be conducted in Task 30.3.007, to update the current
knowledge base, identifying knowledge gaps and future research needs for the UK pro-
gramme. This task is a follow-on from the review task, acknowledging that there may
be a need to address knowledge gaps through a sustained experimental (and possibly
numerical) work campaign.

Research Objective

To undertake further work to advance our understanding of the risks of piping and ero-
sion within bentonite barrier systems such that safety case arguments are robustly un-
derpinned.

Scope

The scope of this follow-on phase of work will be developed following the initial litera-
ture review (Task 30.3.007). It is expected that, if required, this follow-on work will con-
sist of a laboratory and modelling programme to assess the potential and nature of ero-
sional processes, relating to UK specific factors such as water quality, concept and ben-
tonite type.

Geology Application

HSR

Output of Task

Follow-on tasks will be identified by this review and would be expected to start in 21/22.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL
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Further Information

There are other publications relevant to this task [4].

1 T. Laurila, M. Olin, K. Koskinen, and P. Sane, Current Status of Mechanical
Erosion Studies of Bentonite Buffer, Posiva Oy, Posiva Oy Report 2012-45,
2013. [Online]. Available: http://www.posiva.fi/files/3349/POSIVA_2012-45.pdf.

2 I. Neretnieks and L. Moreno, Revisiting bentonite errosion understanding and
modelling based on the BELBaR project findings, SKB, SKB Report TR-17-12,
2018. [Online]. Available: http://www.skb.com/publication/2490990/TR-17 -
12.pdf.

3 L. Bérgesson and T. Sandén, Piping and erosion in buffer and backfill materi-
als: Current knowledge, SKB, SKB Report R-06-80, 2006. [Online]. Available:
http://www.skb.com/publication/1152536/R-06-80.pdf.

4 P. Sellin, Bentonite erosion: Effects on the long-term performance of the engi-
neered barrier and radionuclide transport (BELBaR) Final Report, 2016. [On-
line]. Available: https://cordis.europa.eu/docs/results/295/295487 /final1-final-
report-en-final-20160428.pdf.
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B3.4 WBS 30.4 - Cement-based EBS

B3.4.1 Rate and Extent of Reactions between NRVB and Robust
Shielded Containers or Vitrified ILW

Task Number 30.4.001 | Status | Ongoing

WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Cement-based EBS

Background

One of the safety functions provided by a cementitious backfill is its contribution to
chemical containment by maintenance of alkaline pore-water over timescales of tens

to hundreds of thousands of years. RWM is undertaking work to support understand-
ing of this safety function. In recent years a number of waste producers have proposed
alternative packaging solutions, such as robust shielded containers, formerly known

as Ductile Cast Iron Containers (DCICs) and vitrified ILW wasteforms. This has led to
a need to develop a better understanding of the possible impact of these wasteforms
on the near-field environment, in particular the effectiveness of the backfill in providing
chemical containment. This task is an experimental investigation of the evolution of the
interfaces between the Nirex Reference Vault Backfill and robust shielded containers or
vitrified ILW to build confidence in the conclusions of the modelling study undertaken as
part of [1, Task 418] and to determine the likely rates and extent of reaction.

Research Driver

To support concept development, the Disposal System Safety Case and the waste
package assessment process by improving the understanding of backfill alteration
through its reaction/interactions with new waste packages such as robust shielded con-
tainers or vitrified ILW.

Research Objective

To determine whether:

e Potential new waste packaging solutions will significantly impact the safety func-
tions provided by a cement-based backfill and, if so, whether the amount of back-
fill can be adjusted to ameliorate these effects; and

e Assumptions can be developed on backfill ratios and repository chemistry for use
in the change control assessment relating to DCICs.

Scope

Experimental study of rate, products and extent of interactions between corroding cast
iron and NRVB and between vitrified ILW and NRVB to determine the impact on physi-
cal and chemical properties of the altered NRVB.

Geology Application

HSR, LSSR

Output of Task

Experimental data and advanced understanding to validate the conclusions of the previ-
ously reported modelling study.

This work will be reported via contractor approved reports and associated technical jour-
nal publications.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL
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Further Information

The published modelling study - output from [1, Task 418] - forms an important input to
this task [2].

1 Nuclear Decommissioning Authority, Geological Disposal: Science and Tech-
nology Plan, NDA Report NDA/RWMD/121, 2016. [Online]. Available: https:
//webarchive.nationalarchives.gov.uk/20181001115909/https://rwm.nda.gov.uk/
publication/science-and-technology-plan-ndarwm121/.

2 F. M. I. Hunter and G. M. Baston, Understanding potential new types of waste
packages within a geological disposal facility: The impact of vitrified ILW or
DCICs on cementitious backfill, AMEC, Contractor Report RWM/03/043, Feb.
2017. [Online]. Available: http://rwm.nda.gov.uk/publication/understanding-
potential-new-types-of-waste-packages-within-a-geological-disposal-facility-the-
impact-of-vitrified-ilw-or-dcics-on-cementitious-backfill/.
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B3.4.2 Understanding the Impact of Alternative Wasteforms on Cement
Backfill Performance

Task Number 30.4.002 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Cement-based EBS

Background

One of the safety functions provided by a cementitious backfill is its contribution to
chemical containment by maintenance of alkaline pore-water over timescales of tens

to hundreds of thousands of years. RWM is undertaking work supporting our under-
standing of this safety function. In recent years a number of waste producers have pro-
posed alternative packaging solutions. Alternative wasteform options include the use of
geopolymer and cements such as magnesium phosphate and calcium aluminate as en-
capsulation matrices. This has led to a need to develop a better understanding of the
possible impact of alternative wasteforms on the near-field environment, in particular the
effectiveness of the backfill in delivering its safety functions.

Research Driver

To support concept development, the DSSC and the provision of appropriate waste
package disposability advice by improving the understanding of backfill alteration
through its reaction/interactions with alternative wasteforms.

Research Objective

To determine whether potential new waste packaging solutions will significantly impact
the safety functions provided by a cement-based backfill and, if so, whether the amount
of backfill can be adjusted to ameliorate these effects.

Scope

It is envisaged that the scope of this work will be in two parts:

1. Review and modelling of expected interactions between alternative wasteform
matrices and cementitious backfill material to evaluate the effect on safety func-
tions provided by a cementitious backfill and the impact on planning assumptions;
and, based on the results of Part 1 and a decision on the feasibility of the alter-
ative wasteform options

2. An experimental study to underpin and verify the conclusions of the modelling
study.

Geology Application

Applicable to all three illustrative geological environments with respect to disposal con-
cepts utilising OPC-based cementitious engineered barriers.

Output of Task

An experimental study and associated reporting detailing the investigations undertaken
to underpin the modelling feasibility study and provide knowledge and data to underpin
the evolution of the near field and thus enable the provision of appropriate disposability
advice.

It is envisaged that this work would be delivered as contractor reports and associated
technical journal publications.

SRL/TRL at | SRL 2 SRL/TRL at | SRL 4 Target SRL 4
Task Start Task End SRL/TRL

Further Information

The start of this work is dependent on a decision on the selected alternative wasteform
options from waste producers.
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B3.4.3 Hydrothermal Treatment of Cement Backfill as a Method for
Accelerated Cement Ageing

Task Number 30.4.003 | Status | Start date in future

WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution

WBS Level 5 Cement-based EBS

Background

Cementitious grouts used to encapsulate intermediate-level radioactive wastes usually
consist of OPC that is blended with a large amount of GGBS or PFA. In contrast, back-
fill materials are cementitious materials that will be placed around the waste containers
in a GDF. NRVB, an example of a backfill material, is a blend of OPC, calcium hydrox-
ide and calcium carbonate. Whilst the main binding phase in both the grout and backfill
is a calcium alumino-silicate hydrate (C-A-S-H) that is initially nearly amorphous, the
two differ greatly in chemical composition, nanostructure and morphology; in particular,
when compared with the C-A-S-H in the grout, the C-A-S-H in the backfill will have high
mean Ca/Si ratio, a low level of substitution of AI** for Si** ions, shorter aluminosilicate
anions, and fibrillar rather than foil-like morphology. C-A-S-H in hardened cements is
not a thermodynamically stable phase but it is kinetically persistent under the normal
service conditions for concrete, which is the reason why some thermodynamically stable
phases (crystalline calcium silicate hydrates and siliceous hydrogarnet) are suppressed
in current thermodynamic equilibrium calculations for cementitious systems [1], [2] i.e.
the kinetics of transformation are so slow that the stable phases do not occur over rel-
evant timescales. However, it is likely that at the ambient conditions in a GDF disposal
area for LHGW (wet, with a possible peak average temperature in the range 40 to 50°C
[3], [4]) and over the very long timescales that are relevant to the disposal of radioac-
tive waste, that the amorphous C-A-S-H formed during the hydration of the cements will
convert to crystalline calcium silicate hydrates (tobermorite, jennite, afwillite, xonotlite,
jaffeite, etc.). The chemistry of the repository will evolve as a result of these transfor-
mations (e.g. lower pH and surface area for sorption). It is therefore important to under-
stand these processes which may have an effect on the ability of the system to retain
radionuclides.

Previous studies of the crystallisation processes have shown that the reduction in al-
kalinity may be high in a cement with high replacement by GGBS and PFA (i.e. the
grouts) but that one based on neat Portland cement could be unaffected (i.e. the
NRVB) [5]. However, these processes have not been systematically quantified and
therefore there is uncertainty about the extrapolation of model studies of cement per-
formance — based on simplified systems — to the long timescales relevant in the context
of GDF evolution.

Research Driver

To support the development of the DSSC by investigating hydrothermal treatment as a
methodology for accelerating the ageing of cement phases to develop a better under-
standing of long-term cement evolution under GDF relevant conditions.

Research Objective

To establish whether thermal treatment of cementitious materials can be reliably utilised
to accelerate the ageing of cementitious backfills to understand the effects of cement
evolution of the long-term radionuclide migration behaviour.

Scope

Investigate the potential of using hydrothermal treatment of samples of NRVB to sim-
ulate the “ageing” that would occur if the samples were left for extended times in the
conditions expected in the GDF.

Geology Application

196



NDA/RWM/167

HSR, LSSR, Evaporite (with respect to disposal concepts utilising OPC-based cementi-

tious engineered barriers).

Output of Task

Knowledge and data to support understanding of long-term evolution of cementitious

materials. This work will in particular provide greater insight into the applicability of ac-
celerated aging techniques to long-term cement phase evolution. This work will be re-
ported via a PhD thesis and associated technical journal publications.

SRL/TRL at | SRL 4
Task Start

SRL/TRL at | SRL 5
Task End

Target
SRL/TRL

Further Information

1 B. Lothenbach, E. Wieland, B. Grambow, C. Landesmann, and A. Nonat,
Proceedings of 2nd international workshop ‘mechanisms and modelling of

waste/cement interactions. Cement and Concrete Research, no. 40 (8), 2010.
D. Damidot, B. Lothenbach, D. Herfort, and F. Glasser, Thermodynamics and
cement science. Cement and Concrete Research, vol. 41, pp. 679-695, 2011.
[Online]. Available: https://www.researchgate.net/publication/251552181 _
Thermodynamics_and_Cement_Science.

S. Worth and A. Faulkner, llw repository thermal analysis using abaqus,
POYRY ABS Consulting, Contractor Report PE/200579/001, Revision 3, 20009.
N. Butler, 3d thermal modelling of waste packages in backfilled vaults, Serco,
Contractor Report SERCO/TAS/2584/W1 Issue 3, 2010. [Online]. Available:
http://rwm.nda.gov.uk/publication/3d-thermal-modelling-of-waste-packages-in-
backfilled-vaults-june-2010/.

S. Hong and F. Glasser, Phase Relations in the CaO-SiO2-H20 System

to 200 °C at Saturated Steam Pressure. Cement and Concrete Research,
vol. 34, pp. 1529-1534, 2004.
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B3.4.4 Further Experimental / Modelling Study
Task Number 30.4.004 Status Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Cement-based EBS
Background

One of the safety functions provided by a cementitious backfill is its contribution to
chemical containment by maintenance of alkaline pore-water over timescales of tens
to hundreds of thousands of years. RWM is undertaking work supporting our under-
standing of this safety function. This includes development and application of a near-
field component model that builds confidence that the individual components within the
near-field, such as the various waste modules or individual barriers, work together to
provide a system that functions correctly (see Task 30.4.006, 30.4.007, and 30.4.009).
It is expected that application of the near-field component model may identify further
research needs and this task has been created as a placeholder, recognising a likely
need for further studies in this area.

Research Driver

To provide further data and understanding on individual processes shown via application
of the near-field component model to have significant knowledge gaps with respect to
the safety case.

Research Objective

To undertake experimental and modelling studies as defined by 30.4.009.

Scope

To be reviewed on the outcome of Task 30.4.006.

Geology Application

HSR, LSSR

Output of Task

A contractor-approved report, datasets and developed near-field component models.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL

Further Information
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B3.4.5 Effect of Crack Armouring on Groundwater Conditioning for
Backfill Under Advective Flow Conditions

Task Number 30.4.005 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Cement-based EBS

Background

One of the safety functions provided by a cementitious backfill is its contribution to
chemical containment by maintenance of alkaline pore-water over timescales of tens

to hundreds of thousands of years. RWM is undertaking work supporting our under-
standing of this safety function. This includes development and application of a near-
field component model that builds confidence that the individual components within the
near field, such as the various waste modules or individual barriers, work together to
provide a system that functions correctly (see Task 30.4.006, 30.4.007 and 30.4.009). It
is expected that application of the near-field component model may identify uncertain-
ties that require further understanding. One such example is crack armouring and its
effect on conditioning of groundwater. Crack armouring is a process believed to occur in
cements, whereby groundwater solutes form precipitates in the high pH environment on
the surfaces of cracks; these may impede the migration of hydroxyl ions from the bulk
cement into the water within the crack.

Research Driver

To provide further data and understanding on crack armouring and its influence on
groundwater conditioning and impact on the safety functions of a cementitious backfill
material in an advective groundwater flow regime.

Research Objective

e To improve our understanding on the factors influencing crack armouring (e.g.
rate of formation, transport properties of such layers, dependence on groundwa-
ter composition and rate of flow).

e To apply this understanding to determine the effect crack armouring has on
groundwater conditioning for backfill under advective flow conditions.

Scope

Experimental and modelling task (e.g. reactive transport modelling using PHREEQC
and TOUGHREACT). The scope will be further defined depending on the outcomes of
Task 30.4.006.

Geology Application

HSR, LSSR

Output of Task

Experimental data and understanding of the evolution of cementitious materials on in-
teraction with groundwater solutes. It is envisaged that this work will be reported via a
contractor report.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL
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Further Information

There are several publications relevant to this task [1], [2].

1 A. Hoch, G. Baston, F. Glasser, F. Hunter, and V. Smith, Modelling Evolu-
tion in the Near Field of a Cementitious Repository. Mineralogical Magazine,
no. 76(8), pp. 3055-3069, 2012.

2 B. Swift, P. Bamforth, A. Hoch, C. Jackson, and D. Roberts, Cracking, Flow
and Chemistry in NRVB. SERCO/TAS/000505/001 Issue 2, SERCO Technical
Consulting Services, 2010.
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B3.4.6 Acceptance Test and Further Development of the Near Field -
Component Model

Task Number 30.4.006 Status Completed, undergoing re-
view

WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution

WBS Level 5 Cement-based EBS

Background

Ensuring that an engineered barrier system will perform its required safety functions re-
quires integration — of an iterative nature — of site-specific information, information on
the waste properties, understanding of material properties and performance, and in-situ
and laboratory testing and modelling relating to key processes that will affect near-field
evolution. As RWM’s programme develops it will be important to build confidence that
the individual parts of the near field, such as waste packages and backfill, work together
to provide a system that achieves its safety functions. In order to demonstrate adequate
long-term performance of a cement-based disposal system RWM is developing and ap-
plying a near-field component model. In RMW’s modelling hierarchy we define a com-
ponent model as a collection of process models that use multidisciplinary information

to calculate particular parameters that are used in the total system model. It sits in the
middle of our modelling hierarchy (the Total System Model being the highest level); el-
ements of both a top-down and bottom-up approach may be used in its development,
some representation of uncertainty is usually required. A near-field component model
considers the relevant processes (and associated uncertainty) that affect near-field evo-
lution and radionuclide behaviour and that could impact on the performance of the sys-
tem, e.g. heterogeneity, carbonation and pH evolution. During the period 2012-2014
RWM developed a prototype near-field component model, this task further develops the
NFCM.

Research Driver

To apply the prototype component model for the near-field of a cementitious ILW GDF
in order that it can be used to support the disposal system safety case and to identify
further research needs.

Research Objective

To ensure that the near-field component model:
¢ includes a robust treatment of uncertainty;
e can be used to provide a number of key inputs to the total system model;

e can be used to demonstrate understanding of near-field processes that will affect
the post-closure safety of the UK ILW disposal concept;

e s able to supply information to aid design;

e can support the representation of the near field in performance assessments; and

e can support the development of safety function indicator criteria for the near field.

To identify research needs through application of the near-field component model with
respect to cement buffer/backfill performance over time.

Scope

The scope of this task is to use the near-field component model developed in the earlier
tasks to research the nature of the uncertainties around the evolution of a cementitious
GDF for ILW, and to identify further required development of the model.
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Geology Application

HSR, LSSR

Output of Task

The output of this task will result in a report.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 3 Target SRL 4
Task Start Task End SRL/TRL

Further Information

There are other publications relevant to this task [1].

1 Nuclear Decommissioning Authority, Geological Disposal - Framework for Ap-
plication of Modelling in the Radioactive Waste Management Directorate, NDA
Report NDA/RWMD/101, 2013. [Online]. Available: http://rwm.nda.gov.uk/
publication/geological-disposal-framework-for-application-of-modelling-in-the-
radioactive-waste-management-directorate/.
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B3.4.7 Further Development of Near-field Component Model
Task Number 30.4.007 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Cement-based EBS
Background

Ensuring that an EBS will perform its desired functions requires integration — of an it-
erative nature — of site-specific information, information on the waste properties, under-
standing of material properties and performance, and in-situ and laboratory testing and
modelling relating to key processes that will affect near-field evolution. As RWM'’s pro-
gramme develops it will be important to build confidence that the individual parts of the
near field, such as waste packages and backfill, work together to provide a system that
achieves its safety functions. In order to demonstrate adequate long-term performance
of a cement-based disposal system we are developing and applying a near-field com-
ponent model. In our modelling hierarchy we define a component model as a collection
of process models that use multidisciplinary information to calculate particular param-
eters that are used in the total system model. It sits in the middle of our modelling hi-
erarchy (the Total System Model being the highest level); elements of both a top-down
and bottom-up approach may be used in its development, some representation of un-
certainty is usually required. A near-field component model considers the relevant pro-
cesses (and associated uncertainty) that affect near-field evolution and radionuclide be-
haviour and that could impact on the performance of the system, e.g. cracking, hetero-
geneity, carbonation and pH evolution. During the period 2012-2014 we developed a
prototype near-field component model and this task will support further development
subsequent to initial application (in Task 30.4.006)

Research Driver

e To further develop the component model for the near field of a cementitious ILW
GDF to include consideration of additional processes, such as cracking, carbona-
tion and crack armouring, and alternative data inputs.

¢ To develop the interface requirements between the near-field component
model and the total system model, based on the understanding gained from
Task 30.4.006.

Research Objective

e To further develop a component model to determine whether the effects of dif-
fering boundary conditions, such as groundwater flow and chemistry, on the long
term buffer/backfill performance can be modelled effectively.

¢ To identify research needs through application of the near-field component model
with respect to cement buffer/backfill performance over time.

¢ To ensure that the near-field component model interfaces appropriately with the
total system model.

Scope

The scope comprises the further development of the near-field component model, in-
formed by its application (in Task 30.4.006). This includes the development of the inter-
face between the near-field component model and the total system model, e.g. to sup-
port the current representation, evaluate 'response surfaces’ for solubility and sorption,
or direct data transfer.

Geology Application

HSR, LSSR

Output of Task
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The output of this task will result in a contractor approved report.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 4
Task Start Task End SRL/TRL

Further Information

There are other publications relevant to this task [1].

1 Nuclear Decommissioning Authority, Geological Disposal - Framework for Ap-
plication of Modelling in the Radioactive Waste Management Directorate, NDA
Report NDA/RWMD/101, 2013. [Online]. Available: http://rwm.nda.gov.uk/
publication/geological-disposal-framework-for-application-of-modelling-in-the-
radioactive-waste-management-directorate/.
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B3.4.8 Further Investigation of the Effects of lonising Radiation on
Engineered Barrier System (EBS) Performance in Cement and
Clay Systems (e.g. Effects on Redox, Organic Degradation
Products, Microbial Processes, etc.)

Task Number 30.4.008 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Cement-based EBS

Background

Ensuring that an EBS will perform its desired functions requires integration — of an itera-
tive nature — of the following: site-specific information; information on the waste proper-
ties; understanding of material properties and performance, and in-situ/laboratory testing
and modelling relating to key processes that will affect near-field evolution. Within this
research sub-topic RWM considers additional processes (to those already discussed)
that overlap with other key research areas (such as radiation effects) that impact on
near-field evolution. In general, cementitious materials have good resistance to physical
degradation upon irradiation, although some wasteforms associated with specific wastes
(e.g. those containing large proportions of organic material) are less resistant. Similarly
the effects of radiation on clay alteration and radiolysis of pore-water have been stud-
ied. In general for typical HLW and spent fuel concepts it is considered that radiolysis
of pore-water in a clay-based buffer would be insignificant, as the dose rate outside the
container would be relatively low. Similar conclusions were reached for the effects of ra-
diation damage and radiolysis in the backfill (as the radiation field is even lower in these
regions). Work considering long-term redox evolution has also investigated the impacts
of radiolysis on redox conditions with respect to Spent Fuel dissolution and bentonite
porewater conditions. For cement-based ILW concepts, the potential effects of radioly-
sis were surveyed a number of years ago as part of the UK Nirex research programme.
This task will address any research needs identified by the outcome of [1, Task 442]

to develop our understanding of the potential impact of ionising radiation on the post-
closure safety functions provided by cement-based and clay-based EBS.

Research Driver

To inform safety case development by improving our understanding of whether ionis-
ing radiation has a significant impact on the evolution of the near-field environment by
undertaking required experimental or modelling studies identified in the previous review.

Research Objective

To determine whether uncertainties can be reduced relating to radiation impacts on the
performance of the engineered barrier system as a result of further investigation.

Scope

The scope for this task will be defined by the outcome of Task 30.4.006.

Geology Application

HSR, LSSR

Output of Task

The output of the task will result in a contractor approved report and/or publications in
scientific journals.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL
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Further Information

This task may be partly addressed by a university research study managed through
RWM'’s Research Support Office.

1 Nuclear Decommissioning Authority, Geological Disposal: Science and Tech-
nology Plan, NDA Report NDA/RWMD/121, 2016. [Online]. Available: https:
//webarchive.nationalarchives.gov.uk/20181001115909/https://rwm.nda.gov.uk/
publication/science-and-technology-plan-ndarwm121/.
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B3.4.9 Application of Near-field Component Model Using Updated
Understanding of Backfill Evolution

Task Number 30.4.009 | Status | Start date in future

WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution

WBS Level 5 Cement-based EBS

Background

Ensuring that an EBS will perform its desired functions requires integration — of an it-
erative nature — of site-specific information, information on the waste properties, under-
standing of material properties and performance, and in-situ and laboratory testing and
modelling relating to key processes that will affect near-field evolution. As RWM'’s pro-
gramme develops it will be important to build confidence that the individual parts of the
near-field, such as waste packages and backfill, work together to provide a system that
achieves its safety functions. In order to demonstrate adequate long-term performance
of a cement-based disposal system we are developing and applying a near-field com-
ponent model. In our modelling hierarchy we define a component model as a collection
of process models that use multidisciplinary information to calculate particular param-
eters that are used in the total system model. It sits in the middle of our modelling hi-
erarchy (the Total System Model being the highest level); elements of both a top-down
and bottom-up approach may be used in its development, some representation of un-
certainty is usually required. A near-field component model considers the relevant pro-
cesses (and associated uncertainty) that affect near-field evolution and radionuclide be-
haviour and that could impact on the performance of the system, e.g. cracking, hetero-
geneity, carbonation and pH evolution. During the period 2012-2014 we developed a
prototype near-field component model and this task will support further development
subsequent to initial application ( [1, Task 442] and 30.4.007).

Research Driver

To further develop the component model for the near field of a cementitious ILW GDF
taking account of new information from work on the evolution of the cement-based EBS.

Research Objective

To ensure that the near-field component model takes account of new information pro-
vided by [1, Task 418], [1, Task 419], [1, Task 423] and [1, Task 424], as well as current
awareness.

Scope

To be defined based on the outcome of Task 30.4.006.

Geology Application

HSR, LSSR

Output of Task

The output of this task will result in a contractor approved report.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 4 Target SRL 4
Task Start Task End SRL/TRL
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Further Information

There are other publications relevant to this task [2].

1 Nuclear Decommissioning Authority, Geological Disposal: Science and Tech-
nology Plan, NDA Report NDA/RWMD/121, 2016. [Online]. Available: https:
//webarchive.nationalarchives.gov.uk/20181001115909/https://rwm.nda.gov.uk/
publication/science-and-technology-plan-ndarwm121/.

2 Nuclear Decommissioning Authority, Geological Disposal - Framework for Ap-
plication of Modelling in the Radioactive Waste Management Directorate, NDA
Report NDA/RWMD/101, 2013. [Online]. Available: http://rwm.nda.gov.uk/
publication/geological-disposal-framework-for-application-of-modelling-in-the-
radioactive-waste-management-directorate/.
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B3.4.10 Participation in EC project CEBAMA

Task Number 30.4.010 | Status | Complete

WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Cement-Based EBS

Background

One of the safety functions provided by a cementitious backfill is its contribution to
chemical containment by maintenance of alkaline pore-water over timescales of tens

to hundreds of thousands of years. RWM is undertaking work to support understanding
of this safety function. There is a need to understand the interaction of cement back-
fill with common groundwater solutes and the impact this has on the physical proper-
ties of the backfill, e.g. reduced permeability or porosity due to pore clogging by pre-
cipitation of mineral phases. The HORIZON 2020 EURATOM Collaborative Project
“CEment-BAsed MAterials, properties, evolution, barrier functions (CEBAMA)” is a four
year project with 27 partners that commenced in Summer 2015. The specific objectives
of CEBAMA are (i) experimental studies of interface processes between cement-based
materials and host rocks or bentonite, and assessing the specific impact on transport
properties (WP1), (ii) quantifying radionuclide retention under high pH cement conditions
(WP2), and (iii) developing comprehensive modelling approaches to support interpreta-
tion of results and prediction of the long-term evolution of key transport characteristics
such as porosity, permeability and diffusion parameters (WP3). RWM is supporting two
partners (Universities of Sheffield and Surrey) participating in WP1. This work is com-
plementary to Task 30.4.011. In addition, RWM is a member of the End User group of
CEBAMA.

Research Driver

To support the post-closure safety case by developing an improved understanding of
the changes in physical and chemical transport properties of the Nirex Reference Vault
Backfill (NRVB) and other cements as a result of reaction with groundwater solutes.

Research Objective

To build a mechanistic understanding of the alteration of selected cements of relevance
to international GDF concepts at the cement/groundwater interface and how this influ-
ences transport through changes to porosity, permeability and cement mineral phase
assemblages.

Scope

The scope is to build a mechanistic understanding of how interactions at the cement

/ groundwater interface are likely to influence transport through their impact on poros-
ity, permeability and cement mineral phase assemblages as a function of carbonation,
pH, salinity and groundwater composition. It will be undertaken by two PhD students in
collaboration at the Universities of Sheffield and Loughborough. The PhD studentship
at the University of Loughborough will focus primarily on the chemical characterisation
of these interactions, while the student at the University of Sheffield will focus on the
physical characterisation. Cement formulations representative of: low strength, high-
pH cement (NRVB); low-pH, PC - silica fume cement (representative of Swedish and
Finnish concepts); and low pH, PC - silica fume - FA blended cement (representative
of the French concept) will be studied. These will be exposed to groundwater solutions
representative of crystalline rock, Corallian-Oxfordian Clay, and a higher ionic strength
solution representative of sea water or saline groundwater. Porosimetry and permeabil-
ity techniques, u-XCT, electron microscopy and neutron radiography and tomography
will be applied to identify changes in porosity, permeability, tortuosity and microstructure.
Porewaters will be recovered by porewater squeezing and analysed. The datasets gen-
erated will be applied in chemical speciation and transport modelling studies.

Geology Application
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HSR, LSSR

Output of Task

This work will be reported via the PhD theses of the two students along with associated

technical journal publications.

SRL/TRL at | SRL 4

Task Start

SRL/TRL at
Task End

SRL 5

Target
SRL/TRL

Further Information

For further information: https://www.cebama.eu/
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B3.4.11 Effect of Groundwater Solutes on Physical Properties of
Cementitious Backfill

Task Number 30.4.011 Status Complete, undergoing re-
view

WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution

WBS Level 5 Cement-Based EBS

Background

One of the safety functions provided by a cementitious backfill is its contribution to
chemical containment by maintenance of alkaline pore-water over timescales of tens

to hundreds of thousands of years. RWM is undertaking work supporting our under-
standing of this safety function. There is a need to understand the interaction of cement
backfill with common groundwater solutes and the impact this has on the physical prop-
erties of the backfill, e.g. reduced permeability or porosity due to pore clogging by pre-
cipitation of mineral phases. This task forms part of a project on the long-term evolu-
tion of cement backfills relevant to near-field evolution - this task addresses the impact
of groundwater ions on the long-term behaviour of the Nirex Reference Vault Backfill
(NRVB).

Research Driver

To support the post-closure safety case by developing an improved understanding of
the changes in physical and chemical transport properties of NRVB and the consequent
effect on the safety functions provided by the backfill.

Research Objective

¢ To determine whether changes in the permeability of the backfill reduce advective
transport of water through a vault (e.g. does the backfill 'seal’).

¢ To determine whether armouring of cracks within the backfill inhibits the condi-
tioning of pore water within such cracks and influences the long-term pH buffer-
ing behaviour.

Scope

Experimental and modelling studies of the interaction of common groundwater solutes
with NRVB, changes in transport properties of the NRVB and pore-water chemistry.

Geology Application

HSR, LSSR

Output of Task

Experimental data and advanced understanding of the long-term properties of cementi-
tious backfill on interaction with groundwater solutes.

This project will be reported via contractor reports and associated technical journal pub-
lications.

SRL/TRL at | SRL 3 SRL/TRL at | SRL 4 Target SRL 6
Task Start Task End SRL/TRL
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Further Information

Relevant publications include: [1]-[3]

1 P. Bamforth, G. Baston, J. Berry, F. Glasser, T. Heath, C. Jackson, D. Savage,
and S. Swanton, Cement materials for use as backfill, sealing and structural
materials in geological disposal concepts. a review of current status, Serco,
Contractor Report SERC0/005125/001 Issue 3, 2012.

2 A. Hoch, G. Baston, F. Glasser, F. Hunter, and V. Smith, Modelling Evolu-
tion in the Near Field of a Cementitious Repository. Mineralogical Magazine,
no. 76(8), pp. 3055-3069, 2012.

3 B. Swift, P. Bamforth, A. Hoch, C. Jackson, and D. Roberts, Cracking, Flow
and Chemistry in NRVB. SERCO/TAS/000505/001 Issue 2, SERCO Technical
Consulting Services, 2010.
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B3.4.12 Characterisation of Hydrothermally Aged Grout

Task Number 30.4.012 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Cement-based EBS

Background

One of the safety functions provided by a cementitious backfill is its contribution to
chemical containment by maintenance of alkaline pore water over timescales of tens

to hundreds of thousands of years. RWM is undertaking work supporting our under-
standing of this safety function. A series of small scale samples of the NRVB in direct
contact with either BFS, OPC or PFA, OPC waste matrix grouts, have been aged over
a ten year period under water saturated conditions (Previously [1, Task 416]). This age-
ing has been performed at ambient, 35°C and 80°C respectively. Samples have been
removed from the overall set at 1, 2, 4, 7 and 10 years and subject to analysis to deter-
mine microstructure (SEM and XRD), degree of hydration and acid buffering capacity.
The analysis has been performed on the interface zone between the grouts and in the
bulk material to provide data on the effects of temperature, time and the grout interac-
tions.

Research Driver

To support the post-closure safety case by developing a sufficiently detailed understand-
ing of mechanisms and chronology of NRVB evolution over long timescales.

Research Objective

To determine whether the evolution of the long term behaviour of the grouts and their
interaction at the interface can be informed by examination of the changes in the mi-
crostructure and physical characteristics which occur on laboratory timescales.

Scope

This task will be delivered as a PhD project. The scope will involve the development
of a proposed set of characterisation techniques and analytical method development
to provide data to support an assessment of cement evolution against the engineered
barrier safety functions. An initial view on experimental techniques which complement
existing analysis include, TEM, Micropermeametry, Thermogravimetric Analysis, FTIR,
BET and potentially MIP.

Geology Application

HSR, LSSR

Output of Task

Advanced understanding and data to support the evidence base on long term evolution
of cement materials. This understanding will be documented appropriate reporting such
as contractor deliverables, a PhD thesis and supporting technical journal publications.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 6
Task Start Task End SRL/TRL
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Further Information

There are other publications relevant to this task [2]-[4].

1

Nuclear Decommissioning Authority, Geological Disposal: Science and Tech-
nology Plan, NDA Report NDA/RWMD/121, 2016. [Online]. Available: https:
//webarchive.nationalarchives.gov.uk/20181001115909/https://rwm.nda.gov.uk/
publication/science-and-technology-plan-ndarwm121/.

P. Bamforth, G. Baston, J. Berry, F. Glasser, T. Heath, C. Jackson, D. Savage,
and S. Swanton, Cement materials for use as backfill, sealing and structural
materials in geological disposal concepts. a review of current status, Serco,
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B3.5 WBS 30.5 - Plugs and Seals

B3.5.1 Integrated Project to Develop Plugs and Seals for the Range of
Geological Environments and Waste Types

Task Number 30.5.001 | Status | Start date in the future.
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Plugs and Seals

Background

Plugs and seals are components of the multiple barrier system that contribute to iso-
lation and containment of the waste. The specific requirements of plug and seal com-
ponents will depend on their location within the GDF and site-specific conditions such
as geochemistry, the groundwater flow regime, the mechanical stability and the ther-
mal properties of the selected geological environment. lllustrative designs for plugs and
seals are documented in the generic GDF Designs report [1] whilst RWM’s generic un-
derstanding of the evolution of plug and seal components is documented in the [2].

The illustrative designs for plugs and seals are based on a wide range of international
designs underpinned by research programmes such as the DOPAS Project. The EC
DOPAS project included numerous international partners and aimed to develop and test
the performance of a range of designs for plug and sealing components for geological
disposal facilities in different host geological environments. Lessons learnt from DOPAS
will be applied to UK-specific plug and sealing component development work.

Research Driver

RWM has undertaken work to develop the Geological Disposal Technical Programme.
This work has identified the high level scope and programme required to deliver a GDF
in the UK. Following on from this work, and to develop further the more detailed tech-
nical scope to underpin the Geological Disposal Technical Programme, this work aims
to specifically address the development of plugs and seals for the range of illustrative
geological environments and waste types.

Research Objective

The objective of this task is to deliver the following outcomes: Phase 1

e Afully integrated and justified roadmap for delivery of technically feasible and
scientifically underpinned plug and seal components for the GDF that meet the
long-term safety requirements.

e Ajustified business case for the next phase of technical work detailing links to
key decisions and interfaces within the Geological Disposal Technical Programme
and the implications of delaying/deferring work.

¢ Confidence in alignment of R&D activities with the needs of other RWM functions
and the activities within the overall technical programme.

Phase 2

¢ Implementation and delivery of Roadmap Issue 1.

Scope

This long-term project aims to build on the programme established in the Geological
Disposal Technical Programme with a specific focus on delivery of plug and seal com-
ponents for the range of geological environments considered suitable for hosting a GDF
in the UK. Phase 1 shall consist of:

e The development of a fully integrated and justified Roadmap Issue 1;

e A detailed and fully costed business case supporting implementation of the
Roadmap Issue 1; and
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e For the near-term (~5 years) tasks, development of an approved S&T Task Sheet
along with a detailed specification, programme, deliverables, proposed sub-
contractors (if any) and fixed cost to delivery.

Phase 2 shall consist of the implementation and delivery of the approved tasks in

Roadmap.

Geology Application

HSR, LSSR, Evaporite

Output of Task

e Phase 1
e Roadmap for the delivery of suitable GDF plug and seal components.
e S&T Plan Task sheets detailing the tasks required for the next -5 years.

e Phase 2
e Delivery of the detailed 5 year work activities as set out in the approved
Roadmap.
SRL/TRL at | SRL 4 SRL/TRL at | TRL 7 Target TRL 9
Task Start Task End SRL/TRL

Further Information

1 Radioactive Waste Management, Geological Disposal: Generic Disposal Facil-
ity Designs, RWM Report DSSC/412/01, 2016. [Online]. Available: http://rwm.
nda.gov.uk/publication/geological-disposal-generic-disposal-facility-designs/.

2 Radioactive Waste Management, Geological Disposal: Engineered Barrier Sys-
tem Status Report, RWM Report DSSC/452/01, 2016. [Online]. Available: http:
/Irwm.nda.gov.uk/publication/geological-disposal-engineered-barrier-system-
status-report/.
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B3.6 WBS 30.6 - Thermal Modelling of Heat-generating Processes

B3.6.1 Watching brief: Maintenance and Development of the Thermal
Dimensioning Tool (TDT)

Task Number 30.6.001 | Status | Ongoing

WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5 Thermal Modelling of Heat-generating Processes
Background

The TDT has been developed to explore, for a series of disposal concepts, the impact
of a range of key physical parameters and engineering decisions on the temperature

in the engineered barrier system. Through use in RWM'’s ongoing work, potential im-
provements for the tool may be identified and the need for further modifications may be
identified to maintain the tool. Following identification, improvements will be prioritised
and addressed as required.

Research Driver

To extend the capability of the thermal dimensioning tool and implement potential im-
provements identified during its application such that it can be used to support its ongo-
ing application for design updates, disposability assessments and underpinning concept
development work.

Research Objective

To continue to develop the thermal dimensioning tool as necessary for its continued use
in RWM.

Scope

To prioritise, implement and test modifications to the thermal dimensioning tool as re-
quired by RWM.

Geology Application

N/A

Output of Task

A well maintained and documented TDT that supports the range of disposal concepts
under consideration by RWM.

SRL/TRL at | SRL 4 SRL/TRL at | SRL 5 Target SRL 5
Task Start Task End SRL/TRL

Further Information

There are other publications relevant to this task [1].

1 Project Ankhiale: Disposability and Full Life Cycle Implications of High-heat
Generating UK Wastes Roadmap, AMEC, Contractor Report D.006297/001
Issue 1, Dec. 2012. [Online]. Available: http://rwm.nda.gov.uk/publication/high-
heat-generating-wastes-ipt-roadmap-finalv2-nda-rwmd-095-tn%5C_18043/.
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B3.7 Site-Specific Research Needs Identification

Task Number 30.001 | Status | Start date in future
WBS Level 4 Engineered Barrier Systems (EBS) and their Evolution
WBS Level 5

Background

In December 2018 RWM launched its siting programme and we are engaging with com-
munities that have an interest in hosting a GDF [1]. As the siting process moves for-
ward, site characterisation will progress through surface-based and intrusive (borehole)
investigations. While waste packaging proposals from waste owners will continue to
draw upon the generic safety case and its underpinning, many of the more generic re-
search activities will be concluded, while site-specific research and development activi-
ties will take place for an assumed two potential candidate host sites, driving our under-
standing and data maturity towards that required for GDF permissions.

Research Driver

To identify future site-specific research and development associated with this work area
as a result of initial understanding of potential GDF sites.

Research Objective

To further develop the Science and Technology Plan to identify site-specific research
and development needs.

Scope

e To identify site-specific knowledge gaps and key uncertainties requiring further
research and development.

e To assess and review the resourcing and capability for the requirements of site-
specific activities based on the outcome of the conclusion of generic activities.

e To assess the applicability of generic work to the site(s) taken forward for site
characterisation.

e To develop supply chain capability where necessary to transition into Tranche 3.

Geology Application

Site-specific — To be confirmed.

Output of Task

An understanding of the site-specific knowledge gaps for an assumed two sites.

SRL/TRL at | N/A SRL/TRL at | N/A Target N/A
Task Start Task End SRL/TRL

Further Information

This task will be based on the outcome of the Backfill IPT (Task 30.1.001)

1 BEIS, Implementing geological disposal - working with communities, 2018.
[Online]. Available: https://assets.publishing. service.gov.uk/government/
uploads/system/uploads/attachment _data/file/ 766643/ Implementing _
Geological_Disposal_-_Working_with_Communities.pdf.
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B4 WBS 40 - Gas Pathway

The generic research activities to be concluded before the site-specific stage commences
can be summarised in the following work areas:

Gas in the disposal system safety case (WBS 40.1)

¢ Development of generic knowledge base on gas generation (WBS 40.2)

¢ Development of generic knowledge base on gas migration and reaction (WBS 40.3)
¢ Development of gas related conceptual models and numerical solutions (WBS 40.4)

WBS 40.1 will focus on the development of mitigation approaches to ensure that
waste-derived gas is managed so as not to challenge the safety-case (Task 40.1.001).

WBS 40.2 will maintain and develop, as necessary, an up-to-date understanding of bulk
gas generation in a range of geologies and disposal concepts in order to continue to
support conceptual design and safety case.

WBS 40.3 is supported by international collaboration through EC EURAD (Task 40.3.003)
which builds upon the outcomes of EC FORGE, to support and increase the understanding
of gas migration in different host rocks and captures the relevant learning for the UK
context. Also, collaboration through LASGIT in order to study the impact of gas build up
and subsequent migration through the engineered barrier system of the Swedish KBS-3
disposal concept for high-level radioactive waste via a full-scale in situ experiment

(Task 40.3.002).

WBS 40.4 will address the issue of gas generation in the transport, operational and
environmental safety case, as well as sustaining the capability to model gas generation via
progressing upgrades to the SMOGG modelling tool (Task 40.4.001).

On the outcome of the generic research activities, Task 40.001 will develop a strategy to
consider the relevance of RWM'’s current gas knowledge base in the context of the
evolving UK GDF siting programme and site-specific knowledge, identifying knowledge
gaps in order to transition the knowledge base from being site-generic to site-specific. This
will also involve relevant learning being transferred to other site-specific areas.
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B4.1 WBS 40.1 - Gas in the disposal system Safety Case

B4.1.1 Review of Approaches to the Management of Gas During the
Operational and Post-closure Phases

Task Number 40.1.001 Status | Start date in future

WBS Level 4 Gas Pathway

WBS Level 5 Gas in the Disposal System Safety Case

Background

The generation, accumulation and migration of gas in a GDF will vary with waste inven-
tory and with GDF concept (itself a function of the geological setting). Different design
strategies aiming to reach one or several of the following objectives may be adopted

to ensure that the release of any gases to the biosphere does not challenge regulatory
limits:

e Prevent the degradation of the performance of GDF barriers.

¢ Reduce uncertainties on factors controlling the generation and migration of
gases.

e Limit adverse consequences of gas release in case of the variant human intru-
sion scenario.

The optimum strategy is directly dependent on the waste inventory and disposal con-
cept, as well as on the boundary conditions associated with the host rock 