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Evidence at the
Environment Agency

Evidence underpins the work of the Environment Agency. It provides an up-to-date
understanding of the world about us, helps us to develop tools and techniques to
monitor and manage our environment as efficiently and effectively as possible. It also
helps us to understand how the environment is changing and to identify what the future

pressures may be.

The work of the Environment Agency’s Evidence Directorate is a key ingredient in the
partnership between research, policy and operations that enables the Environment
Agency to protect and restore our environment.

The Research & Innovation programme focuses on four main areas of activity:

o Setting the agenda, by providing the evidence for decisions;

¢ Maintaining scientific credibility, by ensuring that our programmes and
projects are fit for purpose and executed according to international standards;

¢ Carrying out research, either by contracting it out to research organisations
and consultancies or by doing it ourselves;

¢ Delivering information, advice, tools and techniques, by making
appropriate products available

Miranda Kavanagh

Director of Evidence
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Executive summary

The Environment Agency needs to understand what influences the performance of a
geological repository for high-level radioactive waste (HLW) and spent fuel (SF). This
project set out to:

e understand and record the main controls on the groundwater pathway in
some repository designs for HLW and SF disposal, focusing on the role of
the engineered barrier system (EBS).

¢ comment on implications for waste form design, waste packaging and
repository design.

The primary aim of this project was to summarize and analyse existing knowledge on
processes that could influence the performance of an EBS and hence the long-term
safety performance of a repository. The work was divided into two phases:

¢ devising an approach to analysing key controls on EBS performance;
e carrying out the analysis.

In the first phase, members of Quintessa’s project team defined a small number of
reference designs (engineered barrier components) for a possible HLW and SF
repository in the UK. A general approach to analysing controls on the performance of
these designs was proposed, with both qualitative and quantitative components. An
expert workshop was convened to discuss and refine the reference designs and this
analysis approach. The experts concluded that published descriptions of disposal
concepts would need to be simplified to render key controls on performance amenable
to analysis. It was also recommended that the implications of building the waste
disposal systems in different hydrogeochemical environments should be analysed.

The project’s second phase is the main focus of this report; notes of the expert
workshop in the first phase are given in Appendix A. In this second phase a top-down
approach was followed, consisting of:

¢ a literature review of concepts proposed by radioactive waste management
programmes throughout the world;

¢ identification of representative disposal concepts, to illustrate the range of
controls on EBS performance;

o review of safety functions attributed to barrier components in these
concepts by radioactive waste management programmes across the world;

¢ identification of groups of features, events and processes (FEPs) that
describe these safety functions and threats to these safety functions;

¢ an audit of these FEPs against the Nuclear Energy Agency’s international
FEP list (NEA, 2000), to check that all major performance controls had
been identified, and to identify links between FEPs in the NEA list and each
group of FEPs derived from the safety function analysis;

¢ simple calculations using the GoldSim™ code to explore the significance of
each of these FEPs as controls on the performance of barrier components;

¢ using the results of the simple calculations to guide the grouping of the
FEPs in terms of underlying controls.
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The following representative disposal concepts were defined:

shorter-lived waste package/overpack — clay buffer - hard fractured rock;

longer-lived waste package/overpack — clay buffer - hard fractured rock;

shorter-lived waste package/overpack — clay buffer — mudrock;

shorter-lived waste package/overpack — cement buffer — mudrock;

shorter-lived waste package/overpack — no buffer — mudrock;

shorter-lived waste package/overpack — no buffer - bedded evaporite

The results of the literature review and calculations were used to identify the following
key controls on EBS performance:

(1
2
(3
(4
(5
6
(7
(8
9

)
)
)
)
)
)
)
)

chemical stability of engineered barriers;
physical stability of engineered barriers;
chemical environment of the EBS;
groundwater flow characteristics;
deformation characteristics of the host rock;
waste characteristics;

transport characteristics in the host rock;
structure of the host rock;

thermal conditions in the geosphere;

(10) thermal conditions in the EBS;

(11) radioactive decay and in-growth.

Each of these controls can be mapped to one or more FEPs from the NEA’s FEP list
(NEA, 2000), which can in turn be mapped to the safety functions that correspond to
each analysed disposal concept. However, the relative importance of these different
controls and their overall impact upon safety will depend upon:

¢ site-specific characteristics;

e the detailed nature of the concept to be implemented;

¢ the detailed repository design;

implementation of the repository design.

Furthermore, the performance required of an EBS depends not only upon technical
issues connected with the EBS itself, but also upon the regulatory context and the
characteristics of the surrounding geosphere, which were outside the project’s scope.

An important implication for EBS design is that it must meet regulatory requirements by

working together with the geological environment in which it is to be emplaced. Thus,
in the absence of information about the regulatory context and specific geological
environment where a repository is to be sited, it is not possible to determine the
optimum waste form, waste packaging and repository design. Conversely, it is quite
conceivable that more than one design could achieve adequate performance in any
particular geological environment.
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The calculations show that the extent to which any radionuclide is able to migrate from
the EBS is controlled by the half-life of the radionuclide, its chemical properties
(principally whether sorbing or non-sorbing) and physical and chemical properties of
the barriers. For spent fuel the buffer and backfill are more important barriers to
contaminant transport for radionuclides that are strongly sorbed onto the buffer and
backfill materials than for unsorbed radionuclides (although the buffer and backfill may
also have important roles in radionuclide-independent functions such as protecting the
waste canister). For long-lived and poorly sorbed radionuclides such as lodine-129 the
buffer and backfill act to delay release rather than reduce the flux from the EBS; the
key role of the buffer and backfill in these cases is to protect the canister for as long as
is required.
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1 Introduction

In England and Wales, the Environment Agency is responsible under the
Environmental Permitting (England and Wales) Regulations 2010 (EPR 10) for
permitting deep geological disposal of higher activity wastes. Higher activity wastes
include intermediate-level radioactive wastes (ILW) and high-level radioactive wastes
(HLW) and some low-level radioactive waste (LLW) unsuitable for near-surface
disposal. The inventory for disposal may also include spent nuclear fuel (SF), uranium
and plutonium should these be declared as wastes in the future.

The Environment Agency has powers under the EPR 10 to implement staged
regulation of deep geological disposal. Staged regulation provides regulatory control
from start of site investigation, through construction and operation, and eventually to
closure. Before the start of each development stage, the developer will be required to
submit to an environmental safety case to support an application for regulatory
approval to proceed. Over time, the level of detail in the environmental safety case will
increase as more information becomes available, for example, from geological
investigations and supporting research and development studies.

Currently, the Environment Agency has a voluntary agreement to provide regulatory
scrutiny of the scientific and technical work on geological disposal undertaken by the
Nuclear Decommissioning Authority's (NDA) Radioactive Waste Management
Directorate (RWMD). This allows regulatory oversight before the start of the any formal
regulatory process.

The aim of this work was to support the Environment Agency’s understanding of the
key controls on the performance of the engineered barrier system (EBS) of a geological
repository for HLW and SF. Specifically the goals of the project were to:

¢ understand and document controls on the groundwater pathway of some
repository designs for HLW and SF disposal, focusing on the role of the
EBS to limit release into the environment;

¢ comment on implications for waste form design, waste packaging and
repository design.

The work was divided into two phases:

i. The first phase involved devising an approach to assess key controls on
EBS performance, based on a set of reference designs (engineered barrier
components) for a possible HLW and SF repository in England and / or
Wales. The aim was to define a set of reference cases for analysis in the
second phase.

ii. The second phase involved running the analysis, to establish the
importance of key barriers and how they work in combination to determine
the overall long-term performance of the EBS considered. The phase
included a commentary on uncertainties and implications for design
optimisation and waste acceptance criteria.

The main activities in the first phase were preparing, convening and documenting an
expert workshop and subsequently evaluating the workshop’s outcomes in the context
of published literature and knowledge of the project team. Preparations involved
reviewing published literature and developing topics for discussion. The workshop was
attended by members of Quintessa’s project team and a panel of invited experts. A
description of the workshop and its conclusions are given in Appendix A.
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2 Approach

The project aimed to determine primarily how the engineered barriers in a geological
repository for HLW/SF would influence the overall performance of the repository.

To develop an understanding of controls on long-term EBS performance, it is important
to strike a balance between factors that can influence the function of individual
engineered barriers and the way in which those barriers combine as a system (EBS) to
isolate and contain radioactive waste. For example, too great a focus on individual
barriers could divert attention and resources towards specific engineering problems
rather than issues that are most important to overall design optimisation. However, if
attention was focused solely on the overall system, simplifying assumptions necessary
to support system-level understanding might obscure controlling issues and constraints
associated with specific system components.

The Environment Agency covers England and Wales. Therefore it was only necessary
to consider the disposal concepts that could work in the geological environments that
are present in England and Wales.

Thus, the following steps were taken:

¢ identification of illustrative repository concepts that could be employed in
England and Wales;

¢ qualitative and simple quantitative analysis of individual engineered barriers
associated with these concepts and factors that influence performance;

e combination of component-level understanding to deduce generic
implications for system-level safety performance.

The quantitative analysis focussed on transport of water and radionuclides through the
EBS. Mechanical factors were discussed qualitatively.

The illustrative repository concepts were derived from concepts proposed in the UK
and elsewhere, taking into account the variety of geological environments in England
and Wales within which a repository could be constructed. Concepts were then
classified according to the expected behaviour of the EBS and host rocks. This
classification was used as a basis for deriving cases for a small number of numerical
analyses to explore how components of these different EBS would work together to
influence the performance of the overall repository.
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3 Identification of example
disposal concepts

3.1 Aims of disposal concept identification

At the time of writing, there has been relatively little work on the deep geological
disposal of HLW/SF in the UK. Therefore, we explored concepts proposed in other
countries as a basis for defining EBS features to be considered here. These concepts
and the geological environments for which they are suitable are reviewed here.

The project focussed on the EBS (waste form, container/overpack, buffer) and its
function in relation to the geological environment in which it is constructed, rather than
other issues such as the transport of released radionuclides to the surface.

Other requirements for the project were:

¢ The project must not prejudge outcomes of site selection or its implications
for repository design.

¢ A range of repository/EBS concepts that might be developed in England
and/or Wales should be considered.

o The focus should be on the post-closure safety case and aspects that could
affect the performance of the long-term safety functions by engineered
barriers.

¢ The main waste forms for consideration are HLW and SF, according to
current inventory projections, although consideration should be given to
changes in future wastes (such as higher burn-up, alternative HLW blends).

¢ The implications of co-locating a repository for HLW and SF with one for
ILW should be reflected in the analysis, but not be the main focus.

¢ The work should consider only the groundwater pathway and not other
potential pathways, such as the gas pathway or human intrusion pathway.

3.2 Approach to defining disposal concepts

The approach had four main steps:

¢ to review information on disposal concepts proposed by radioactive waste
management programmes in other countries;

¢ to identify geological environments within which these concepts might be
implemented;

¢ to identify which of these environments occur in England and/or Wales;

¢ to identify a set of disposal concept-geological environment combinations to
illustrate the main controls on repository performance.

Two key literature sources for the first step were Metcalfe and Watson (2009) and
Baldwin et al. (2008). The first of these documents was prepared for the Environment
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Agency in a separate project and identified technical issues associated with deep
repositories in different geological environments. This document includes a qualitative
assessment of how the characteristics of geological environments for a deep repository
within England and Wales would impact upon the functioning of different kinds of EBS.

Baldwin et al. (2008) was published by the NDA and reviews geological disposal
options for HLW and SF. The report also evaluates the extent to which these options
might be suitable for the geological environments in the UK.

Metcalfe and Watson (2009) and Baldwin et al. (2008) together contained much of the
information about disposal concepts required for the project. It was considered
appropriate for this project to use Baldwin et al. (2008) because:

e itis a summary of work carried out in radioactive waste disposal
programmes outside the UK, combined with a general appraisal of the
wide-ranging geological environments that occur within the UK;

¢ it does not make recommendations on implementation in the UK of any of
the reviewed disposal concepts.

However, it would have been inappropriate to use information about disposal concepts
and geological environments in Metcalfe and Watson (2009) and Baldwin et al. (2008)
without modification, since these reports were prepared for different purposes to ours.
Therefore, Metcalfe and Watson (2009) and Baldwin et al. (2008) were used as a
starting point and adapted by:

e summarizing the geological environments described in Baldwin et al.
(2008);

e summarizing the disposal concepts described in Baldwin et al. (2008);

¢ checking that the concepts adequately cover the range of concepts
proposed in the UK and other countries;

¢ determining whether all or some of these concepts would be appropriate for
geological environments that occur in England and/or Wales, as described
in Metcalfe and Watson (2009);

¢ listing the components of EBS in those concepts that could be applied in
England and/or Wales;

¢ simplifying the classification of the EBS and geological environments to:

- remove duplication of important features and processes that might
impact upon repository performance;

- include only the most cost-effective options with no implications for
performance;

¢ identifying what aspects of these EBS components might vary in each
concept-geological environment combination within which they might be
applied, taken from the simplified classification scheme described above.

3.3 Geological environments in England and Wales

The UK geological environments identified by Baldwin et al. (2008) are summarized in
Table 3.1. Classification of the environments is based primarily on their geotechnical
characteristics (“rock strength”) and groundwater flow/solute transport characteristics.
The nature of the rock sequence that overlies the host rock is not used to distinguish
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the geological environments. Thus, any of the Geological Environments G1, G2, G3
and G4 may have host rocks that are overlain by low or high-permeability sedimentary
rocks. Depending upon the geological setting of the site, these different overlying rocks
could influence the flux of groundwater through the host rock and the rate at which this
flux responds to environmental changes. For example, groundwater fluxes in a hard
fractured host rock (here taken to include crystalline rocks such as granite and
metamorphic rocks such as gneiss) overlain by lower permeability rocks might respond
more slowly to climate-induced changes in recharge than would a similar hard fractured
rock overlain by higher permeability rocks. The permeability of the overlying rocks
might also influence the migration of any gas that is evolved from a repository, although
this topic is outside the scope of the work reported here.

Table 3.1 UK geological environments identified by Baldwin et al. (2008).

No General Description Host rock Overlying rocks
Low permeability sedimentary rock
G1 Stronger rocks with very low flow Crystalline rock formations
of likely saline waters High permeability sedimentary rock
formations
Low permeability sedimentary rock
formations
Stronger rocks with higher water Crystalline rock | High permeability sedimentary rock
G2 | flow; probably relatively fresh formations
water Crystalline rock to surface
C Sedimentary rock formations
arbonate o e
(permeability unspecified)
Indurated low Low permeability sedimentary rock
permeability formations
Weaker rocks with no effective sedimentary High permeability sedimentary rock
flow and relatively saline waters in | rock formation | formations
G3 ; ) :
pores (transport is dominated by Plastic low
diffusion with no advective flow) permeability Sedimentary rock formations
sedimentary (permeability unspecified)
rock formation
Weaker rocks with very low water | Indurated low Low permeability sedimentary rock
G4 flow and relatively saline waters in | permeability formations
pores (there is some advective sedimentary High permeability sedimentary rock
flow) rock formation | formations
Evaporite formations: plastic, with | Evaporites - Sedimentary rock formations
G5 | no water flow and little accessible | salt dome & rmeability unspecified)
water (brine) content bedded salt (pe y P

The geological environments within England and/or Wales that might plausibly host a
deep geological repository for HLW and/or SF have been identified in Metcalfe and

Watson (2009). It is appropriate to compare these environments with those identified
in Baldwin et al. (2008), to:

o determine the extent to which the environments in Baldwin et al. (2008)
occur within these parts of the UK;

¢ establish whether there are other geological environments that occur within
England and/or Wales which are not covered by those identified in Baldwin

et al. (2008).

The two sets of geological environments are compared in Table 3.2.
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Table 3.2 Comparison between the geological environments identified in
Metcalfe and Watson (2009), here numbered 1 to 9, and those identified in
Baldwin et al. (2008), here denoted G1 to G5.

S G1 G2 G3 G4 G5
® Evaporite
c Stronger formations,
s Gener:ltl_ rock Strré)cnkgser rocks, greater | Weaker rocks V\:ggl::r plastic, little
3 properties water flow accessible
g water
£ Probable porewater . Relatively Relatively Relatively .
n .. Saline . . Brine
£ salinity fresh saline saline
[T=}
=4 ) . )
g & Water flov_v ] Very little flow | Greater flow No effective Very little No effective
o characteristics flow flow flow
z Main transport Some . Diffusion, no Some Diffusion, no
w . ) Advection . ) h
= mechanisms advection advection advection advection
©
0 Indurated low Indurated
=2 . Crystalline permeability Evaporites -
(=] Crystalline low
° Host rock rock or or Plastic low . salt dome and
® rock Carbonate | permeability | PS'meability bedded
(O) . sedimentary
sedimentary
Geological Environments
in Metcalfe and Watson
(2009)
Hard, fractured rock to .
1 Equivalent
surface
Hard, fractured rock Equivalent
overlain by relatively high- although '
permeability sedimentary definition of 2
2 | rocks in which advective includes
transport dominates possibility for
saline water
Hard, fractured rock
overlain by sedimentary
rocks containing at least
3 one significant low- Equivalent
permeability unit in which
diffusion dominates solute
transport
Bedded evaporite host 4 equivalent to
4 rock bedded
evaporite sub-
type of G5
Siliceous sedimentary 5 similar if
host rock 5 similar, but | 5 similar, but Sliceous
5 different host | different host :
Geological
rock rock Envi
nvironment
5 is weak
6 Mudstone host rock Equivalent
7 Plastic clay host rock Equivalent
8 similar if
has I_ow K’. 8 similar if
relatl\{ely high has moderate
porosity, to high K
8 Carbonate host rock tsrca)\lr?;eo t high porosity,
robszl fractures
probably control flow
diffusion- (8¢ sub-type)
dominated yp
(8a sub-type)
Non-evaporitic host rock Geological Environment 9 of Metcalfe and Watson (2008) not
9 with hypersaline represented explicitly in definitions of Geological Environments Not equivalent

groundwater

G1 to G4 of Baldwin et al. (2008)
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From this table it is apparent that the classifications of geological environments in
Baldwin et al. (2008) and Metcalfe and Watson (2009) are broadly similar, but there are
differences reflecting the different purposes of these two reports:

¢ All the geological environments identified in Baldwin et al. (2008) occur
within England and/or Wales.

¢ Most geological environments identified in Metcalfe and Watson et al.
(2009) are the same as, or very similar to, at least one geological
environment identified in Baldwin et al. (2008). The exception is
Environment 9 in which a highly saline groundwater is combined with a
non-evaporite host rock, which does not appear to be covered fully by
Baldwin et al. (2008) who consider only ‘relatively saline’ or ‘saline’ water

¢ In the classification of Metcalfe and Watson et al. (2009), the groundwater/
porewater from any geological environment, apart from Environment 4
(bedded evaporite), could have a wide range of salinity, and could include
brine (if the environment is combined with Environment 9). In contrast, the
classification of Baldwin et al. (2008) includes groundwater/porewater
salinity more explicitly in the definitions. Highly saline groundwater (i.e.
brine) is only present in the evaporite host rock of Baldwin et al. (2008).

¢ Environment 8a of Metcalfe and Watson (2009) is similar to Environment
G1 of Baldwin et al. (2008) based on geotechnical and hydrogeological
criteria. However, the definition of Environment 8a includes a low-
permeability limestone host rock which is not encompassed by the
definition of Environment G1. Thus there may be differences in
groundwater chemistry that have implications for EBS performance.

¢ Geological Environment 5 of Metcalfe and Watson (2009) includes a
siliceous sedimentary host rock that is not exactly the same as any of the
host rocks within the geological environments G1 to G5 of Baldwin et al.
(2008). There are similarities between Environment 5 and Environments
G1, G2 and G4. However, Environments G1 and G2 do not include
siliceous sedimentary host rocks. Furthermore, Environment G4 is defined
to have “weaker” sedimentary host rocks, whereas Environment 5 will most
likely have “strong” sedimentary host rocks. The hydrogeological
properties of the siliceous sedimentary host rock in Environment 5 will be
similar to those of the crystalline host rocks of Environments G1 and G2.
However, the geometries of the sedimentary and crystalline host rocks will
probably be very different.

Definitions of the geological environments in Metcalfe and Watson (2009) include
details of the rocks that overlie the host rock. The classification places much greater
emphasis on the characteristics of groundwater flow through the host rocks than does
the primary classification of Baldwin et al. (2008). These latter authors take into
account the overlying rocks in subdivisions of the Geological Environments G1 to G3.

3.4 Disposal concepts

Baldwin et al. (2008) described a variety of concepts applicable to UK geological
environments, based on information from radioactive waste disposal projects
internationally. The only significant solid HLW/SF geological disposal concept that was
not considered is the one developed for Yucca Mountain in Nevada, USA. This
concept is suitable for a geological environment that does not occur in the UK, namely
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unsaturated tuffaceous host rocks located within a desert environment. The disposal
concepts identified by Baldwin et al. (2008) are summarized in Table 3.3.

The different concepts are distinguished principally by a combination of the barrier
system employed, and the geometry of the barrier system.

Table 3.3 Disposal concepts identified by Baldwin et al. (2008). The
classification of canisters into “long-lived” and “short-lived” varieties follows
these authors.

Key feature Variants Co;}gept
In-tunnel (borehole) Vertical borehole 1
Horizontal borehole 2
In-tunnel (axial) Short-lived canister and buffer 3
Long-lived canister and buffer 4
In-tunnel (axial) with Small working annulus 5
supercontainer Small annulus + concrete buffer 6
Large working annulus 7
Caverns with cooling, Steel multi-purpose
delayed backfilling transport/storage/disposal containers (MPC) 8
+ bentonite backfill
Steel or concrete/DUCRETE container +
: 9
cement backfill
Mined deep borehole matrix 10
Hydraulic cage | Around a cavern repository 11
Very deep boreholes 12

Concept 12 is not relevant to this project, which considers only mined repositories, and
consequently is not considered further in this report.

Several variants of each concept in Table 3.3 can be suggested, and some variations
could be implemented in more than one concept. For example, shorter-lived canisters
(such as thick, carbon steel) or longer-lived canisters (such as copper with cast iron
insert) could be used with Concept 1 or Concept 2. However, the range of concepts in
Table 3.3 covers all the main barrier systems and geometries proposed and there
would be no advantage in subdividing them in the absence of site-specific information.

The classification of Baldwin et al. (2008) distinguishes between concepts with “short-
lived” canisters and concepts with “long-lived” canisters. However, the review by
Metcalfe and Watson (2009) found no universally agreed lifespan that may distinguish
between these two groups of canister. Typically “short-lived” canisters are deemed to
provide containment for a few hundreds to thousands of years, whereas “long-lived
canisters” are required to provide containment for tens of thousands to over 100,000
years and possibly until the end of the time considered by a safety assessment. Thus,
the required lifetime for a so-called “short-lived” canister is not necessarily “short” in the
commonly accepted sense. Consequently, classification of canisters into “short-lived”
and “long-lived” types can be misleading. Furthermore, it is sometimes helpful to
distinguish cases where waste canisters/overpacks alone can provide containment for
a specified time period, from cases where it is adequate for the whole EBS to provide
containment for this period.

For these reasons, Metcalfe and Watson (2009) adopted a slightly different terminology
to Baldwin et al. (2008) and used:
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¢ “Longer-lived waste package/overpack” for a waste package (comprising a
waste form and waste container, as defined by IAEA, 2003), or waste
package in combination with an overpack, that is expected to provide
containment for over 100,000 years, and potentially to the end of the period
considered by any safety assessment.

e “Shorter-lived waste package/overpack” for any other waste package, or
waste package in combination with an overpack, that is expected to provide
some containment following repository closure, but for a shorter period
(typically in the order of 100 to 1,000 years).

¢ “Higher-integrity EBS” for an entire EBS that is expected to provide
containment for over 100,000 years, and potentially to the end of the period
considered by any safety assessment.

o “Lower-integrity EBS” for an entire EBS that is expected to provide some
containment following repository closure, but for a much shorter period than
a “higher-integrity EBS” (typically in the order of 100 to 1,000 years).

This terminology is used henceforth in this report.

3.5 Reasons for proposal of disposal concepts

A given radioactive waste disposal organisation will typically choose a particular
disposal concept or concepts for a variety of reasons. Performance-related reasons are
always very important, but there are normally additional reasons too, such as the
practicality of constructing the concept in a particular geological environment, or the
availability of suitable materials. The reasons will naturally provide pointers towards
general controls on repository performance that are perceived by these organisations.

It is typically difficult to determine all the reasons why a particular radioactive waste
disposal programme has developed/proposed a given disposal concept. Usually, the
literature produced by such a programme presents a disposal concept and explains
why it will meet the performance criteria required. From this literature the major
reasons are obvious, but the detailed reasoning as to why it has been chosen is
normally less clear. We deduced the main reasons for each of the concepts described
in Section 3.4, using expert judgments based on a variety of published information. The
main source used was Baldwin et al. (2008), which summarizes the main drivers for
these disposal concepts. This information was augmented by judgments based on the
literature listed in Table 4.1, concerning various radioactive waste management
programmes. The main reasons deduced are summarized in Table 3.4. It should be
noted that this table does not highlight every positive characteristic that every concept
might have, but only those that are stated explicitly by the proponents of the concept or
inferred by Quintessa to be major drivers in distinguishing between concepts. Where
this table omits a particular reason for a concept, it does not necessarily imply that the
concept would not show the advantageous behaviour implied by the omitted reason.
Instead this omission means simply that the advantage is not typically cited explicitly as
a specific reason for the concept being chosen. For example, Concepts 5, 6 and 7,
which include supercontainers, are expected to prevent the release of an initial release
fraction (IRF) as a pulse, but this function is not cited as a major driver for these
concepts being proposed, and so is not marked as such in Table 3.4.
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3.6 Components of the EBS in each concept given
in Section 3.4

The major components proposed for the EBS in each of the concepts outlined in
Section 3.4 are tabulated in Table 3.5. In this table, major groupings of components
are given as column headings (waste form, waste container, overpack/canister, buffer,
shell, backfill, seals). Within each group, components consistent with the concept are
listed. Typically just one component from each group would be present within any
single implementation of the concept.

The choice of component in a given implementation of a concept would depend upon
the site characteristics (especially the host geology), and design choice taking into
account costs, availability of materials, access to manufacturing capabilities and so on.
Different choices may be made for particular waste-forms and inventories.

However, whether site-specific characteristics or design choices dictate particular
components is not clear-cut and will depend on the context of a particular programme.
For example, in a very low-permeability host rock, it may be better to choose shorter-
lived canisters; shorter-lived canisters are likely to be cheaper and a sufficiently low-
permeability host rock makes longer-lived canisters unnecessary. However, it is
conceivable that regulatory factors or a need to build public confidence could lead to
‘over-engineered’ longer-lived canisters being selected.
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Table 3.4 Main distinguishing' reasons for development of each disposal
concept, based on published literature.

N° Concept?

Minimize EDZ®
Waste placed in relatively undisturbed
rock (beyond access tunnel EDZ)
Prevent release of initial release
fraction ( IRF*) as pulse
Maximize use of horizontally extensive
host rock formation
Minimise excavation volume
Maximise stability of openings in
stress field
Ensure quality of canister/buffer
construction
Shield waste throughout emplacement
Concrete passivates metal barrier
components
Enhance ease of emplacement and if
necessary, retrieval
Ensure compact repository footprint
Facilitating closure rapidly (not
necessarily at early times) if desired
Enhanced shielding during open period
Disposal of unwanted DU’
Reduce water flux through the
repository

1 In-tunnel (vertical v
borehole)

\
S

2 In-tunnel
(horizontal v
borehole)

<

v v v

3 In-tunnel (axial)
with shorter-lived
waste package/ 4 v v
overpack and
buffer

4 In-tunnel (axial)
with longer-lived
waste package/ v v v v
overpack and
buffer

5 In-tunnel (axial)
with

supercontainer
(small annulus)

6 In-tunnel (axial)
with
supercontainer
(concrete buffer)

7 In-tunnel (axial)
with

supercontainer
(large annulus)

8 Caverns with steel
MPC® (bentonite viiv|v
backfill)

9 Caverns with steel
MPC or concrete/
DUCRETE’ cDC?®
(cement backfill)

10 | Mined deep
borehole matrix

11 Hydraulic cage v

Note: *Only for longer-lived canisters

" A given concept has been proposed for multiple reasons, many of which are common to other concepts.
This table shows only those reasons for each concept that are distinct from those for other concepts.

2 This column gives only the key feature/title of each concept.

> EDZ is an excavation damage zone.

* IRF is the instantaneously released fraction.

> DU is depleted uranium.

 MPC refers to a multi-purpose storage container.

" DUCRETE is concrete that contains depleted uranium.

¥ CDC refers to concrete disposal casks.
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