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Preface

Radioactive Waste Management Limited (RWM) has been established as the delivery
organisation responsible for the implementation of a safe, sustainable and publicly
acceptable programme for the geological disposal of the higher activity radioactive wastes
in the UK. As a pioneer of nuclear technology, the UK has accumulated a legacy of higher
activity wastes and material from electricity generation, defence activities and other
industrial, medical and research activities. Most of this radioactive waste has already
arisen and is being stored on an interim basis at nuclear sites across the UK. More will
arise in the future from the continued operation and decommissioning of existing facilities
and the operation and subsequent decommissioning of future nuclear power stations.

Geological disposal is the UK Government’s policy for higher activity radioactive

wastes. The principle of geological disposal is to isolate these wastes deep underground
inside a suitable rock formation, to ensure that no harmful quantities of radioactivity will
reach the surface environment. To achieve this, the wastes will be placed in an engineered
underground facility — a geological disposal facility (GDF). The facility design will be based
on a multi-barrier concept where natural and man-made barriers work together to isolate
and contain the radioactive wastes.

To identify potentially suitable sites where a GDF could be located, the Government has
developed a consent-based approach based on working with interested communities that
are willing to participate in the siting process. The siting process is on-going and no site
has yet been identified for a GDF.

Prior to site identification, RWM is undertaking preparatory studies which consider a
number of generic geological host environments and a range of illustrative disposal
concepts. As part of this work, RWM maintains a generic Disposal System Safety Case
(DSSC). The generic DSSC is an integrated suite of documents which together give
confidence that geological disposal can be implemented safely in the UK.
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Executive Summary

RWM has been established as the delivery organisation responsible for the implementation
of a safe, sustainable and publicly acceptable programme for geological disposal of the
UK’s higher activity waste. Information on the UK Government’s approach to implementing
geological disposal, and RWM's role in the process, is included in an overview of the
generic Disposal System Safety Case (the Overview).

The geological disposal facility (GDF) will be a highly-engineered facility, located deep
underground, where the waste will be isolated within a multi-barrier system of engineered
and natural barriers designed to prevent the release of harmful quantities of radioactivity to
the surface environment. To identify potentially suitable sites where the GDF could be
located, the Government is developing a consent-based approach based on working with
interested communities that are willing to participate in the siting process. Development of
the siting process is ongoing and no site has yet been identified for the GDF.

In order to progress the programme for geological disposal in the absence of a specific site,
RWM has developed generic, illustrative disposal concepts for three host rocks. These
host rocks are typical of those being considered in other countries, and have been chosen
because they cover the range of issues that may need to be addressed when developing
the GDF in the UK. They are:

¢ higher strength rock, for example, granite
¢ |ower strength sedimentary rock, for example, clay
e evaporite rock, for example, halite

The inventory for disposal is defined in the Government White Paper on implementing
geological disposal. The inventory includes the higher activity wastes and other nuclear
materials that could, potentially be declared as wastes in the future. For the purposes of
developing disposal concepts, these wastes have been classified as follows:

¢ high heat generating wastes (HHGW), that is: spent fuel (SF) from existing and
future power stations and High Level Waste (HLW) from SF reprocessing

e high fissile activity waste, that is: Plutonium (Pu) and highly enriched uranium (HEU)

e low heat generating wastes (LHGW), that is: Intermediate Level Waste (ILW) arising
from operating and decommissioning of reactors and other nuclear facilities,
together with a small amount of Low Level Waste (LLW) unsuitable for near surface
disposal, and stocks of depleted, natural and low-enriched uranium (DNLEU)

This document is the Generic Disposal Facility Designs report and is one of two volumes
that make up the Generic Design (the other being the Generic Transport System Designs
report [7]). This document has been developed as part of a suite of documents that
together form the generic Disposal System Safety Case (generic DSSC), and is intended
to provide information to a wide range of interested parties of the work RWM has
undertaken on the development of a number of illustrative designs for geological disposal
in the UK. It also provides the basis for safety assessments that underpin the generic

B§\§e(;’0ping these illustrative designs, in turn, helps to enhance the understanding of how
waste disposal could be carried out in different geological environments; how safety can be
addressed in all phases of development; how long it might take to develop; and what it is
likely to cost. This cost is affected by many factors, but the most significant are the
inventory of waste, the timing of waste arisings, the timing and duration of each phase of
implementation, the geological environment at the site of the GDF and the design of the
GDF itself. At the current stage of the planning for geological disposal there are inevitable
uncertainties about all of these factors.
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This update has been prepared in order to quantify the impact of adopting design changes
and enhancements within the GDF illustrative designs and the updated inventory, such that
up to date designs are available as an input to support the siting process.

The illustrative designs describe the processes of waste emplacement and the design
characteristics that a disposal facility will need to include for disposal of LHGW and HHGW.
The surface facility design is idealised at this stage and does not address aspects of spatial
and topographical detail which would only be possible after an identification of a specific
site, or sites. Surface facilities allow for the receipt and transfer of waste and its transfer
underground via either an inclined tunnel (drift) or shaft. The surface facilities also include
the necessary infrastructure for the support of ongoing construction and the provision of
essential services (power, water and ventilation). The illustrative design assumes that the
surface site is located directly above the underground disposal area, but recognises that
these could be spatially separated and linked by inclined tunnels or drifts.

The illustrative designs assume four separate underground accessways to provide security
of access and egress, separation of construction and operational activities and separate
ventilation circuits for both construction and operation.

It is assumed that LHGW and HHGW disposal areas will be horizontally separated to
ensure any interactions between the two areas do not compromise the key safety functions
of the different engineered barrier components, taking account of the potential thermal,
mechanical, hydrogeological and chemical interactions.

The underground layouts are idealised, in that vaults and disposal tunnels are constructed
with uniform dimensions on a regular grid pattern. To provide some flexibility, they have
been arranged in groups/modules (panels) which will be constructed in ‘blocks’ of suitable
rock. In practice, at a specific site, vaults and disposal tunnels will be located and sized
based on the site-specific hydrogeological and geotechnical conditions. The illustrative
designs and layouts have been based on assumed parameters and typical host rock
properties; the site-specific designs will depend on the geological characteristics of the
chosen site such as the local stress field and the distribution and properties of fault zones.

Some LHGW packages require shielding and will be transported underground to an
operational inlet cell, where they will be removed from a reusable shielded transport
container and transferred by remote handling to disposal vaults, for emplacement via a
remotely operated overhead crane.

Some LHGW in self-shielded packages will not require remote handling, and will be
transferred using a free steered stacker truck.

HHGW will be transported underground in a purpose-designed shielded transport
container. The disposal containers will then be removed from the transport container and
then emplaced within the disposal tunnel.

The process of developing and operating the facility will take many decades. An
assessment of the potential impacts of carrying out closure operations will be undertaken to
optimise the process, taking account of the outcomes of discussions with the regulators
and the local community. The decision on when to close the facility after all of the waste
has been placed underground for final disposal will take into consideration the views of the
local community. The exact condition of the surface site at the end of closure operations
will be agreed through consultation with the UK Government, regulators and the local
community. When a decision has been taken to close the facility, a programme of
backfilling of underground features will be undertaken. This programme will also include
the construction of a series of seals with the final backfilling and sealing of the shaft and
drift accesses. This will also include the decommissioning of surface facilities.

Vi
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1 Introduction

1.1 The generic Disposal System Safety Case

RWM has been established as the delivery organisation responsible for the implementation
of a safe, sustainable and publicly acceptable programme for geological disposal of the
UK’s higher activity radioactive waste. Information on the approach of the UK Government
and devolved administrations of Wales and Northern Ireland’ to implementing geological
disposal, and RWM's role in the process, is included in an overview of the generic Disposal
System Safety Case (the Overview) [1].

A geological disposal facility (GDF) will be a highly-engineered facility, located deep
underground, where the waste will be isolated within a multi-barrier system of engineered
and natural barriers designed to prevent the release of harmful quantities of radioactivity
and non-radioactive contaminants to the surface environment. To identify potentially
suitable sites where a GDF could be located, the Government is developing a consent-
based approach based on working with interested communities that are willing to
participate in the siting process [2]. Development of the siting process is ongoing and no
site has yet been identified for a GDF.

In order to progress the programme for geological disposal while potential disposal sites
are being sought, RWM has developed illustrative disposal concepts for three types of host
rock. These host rocks are typical of those being considered in other countries, and have
been chosen because they represent the range that may need to be addressed when
developing a GDF in the UK. The host rocks considered are:

e higher strength rock, for example, granite
e lower strength sedimentary rock, for example, clay
e evaporite rock, for example, halite

The inventory for disposal in the GDF is defined in the Government White Paper on
implementing geological disposal [2]. The inventory includes the higher activity radioactive
wastes and nuclear materials that could, potentially, be declared as wastes in the future.
For the purposes of developing disposal concepts, these wastes have been grouped as
follows:

e High heat generating wastes (HHGW): that is, spent fuel from existing and future
power stations and High Level Waste (HLW) from spent fuel reprocessing. High
fissile activity wastes, that is, plutonium (Pu) and highly enriched uranium (HEU),
are also included in this group. These have similar disposal requirements, even
though they don’t generate significant amounts of heat.

e Low heat generating wastes (LHGW): that is, Intermediate Level Waste (ILW)
arising from the operation and decommissioning of reactors and other nuclear
facilities, together with a small amount of Low Level Waste (LLW) unsuitable for
near surface disposal, and stocks of depleted, natural and low-enriched uranium
(DNLEU).

RWM has developed six illustrative disposal concepts, comprising separate concepts for
HHGW and LHGW for each of the three host rock types. Designs and safety assessments
for the GDF are based on these illustrative disposal concepts.

Hereafter, references to Government mean the UK Government including the devolved administrations of
Wales and Northern Ireland. Scottish Government policy is that the long term management of higher
activity radioactive waste should be in near-surface facilities and that these should be located as near as
possible to the site where the waste is produced.
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High level information on the inventory for disposal, the illustrative disposal concepts and
other aspects of the disposal system is collated in a technical background document (the
Technical Background) [3] that supports this generic Disposal System Safety Case.

The generic Disposal System Safety Case (DSSC) plays a key role in the iterative
development of a geological disposal system. This iterative development process starts
with the identification of the requirements for the disposal system, from which a disposal
system specification is developed. Designs, based on the illustrative disposal concepts,
are developed to meet these requirements, which are then assessed for safety and
environmental impacts. An ongoing programme of research and development informs
these activities. Conclusions from the safety and environmental assessments identify
where further research is needed, and these advances in understanding feed back into the
disposal system specification and facility designs.

The generic DSSC provides a demonstration that geological disposal can be implemented
safely. The generic DSSC also forms a benchmark against which RWM provides advice to
waste producers on the packaging of wastes for disposal.

Document types that make up the generic DSSC are shown in Figure 1. The Overview
provides a point of entry to the suite of DSSC documents and presents an overview of the
safety arguments that support geological disposal. The safety cases present the safety
arguments for the transportation of radioactive wastes to the GDF, for the operation of the
facility, and for long-term safety following facility closure. The assessments support the
safety cases and also address non-radiological, health and socio-economic considerations.
The disposal system specification, design and knowledge base provide the basis for these
assessments. Underpinning these documents is an extensive set of supporting references.
A full list of the documents that make up the generic DSSC, together with details of the flow
of information between them, is given in the Overview.

Figure 1 Structure of the generic DSSC

Safety Cases

Disposal
System Design Kng\;!::ge
Specification

2707-04-NDA

1.2 Introduction to the Generic Disposal Facility Designs report

This document is the Generic Disposal Facility Designs report and is one of two volumes
that make up the Generic Design (the other being the Generic Transport System Designs
report).
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The generic DSSC was previously published in 2010. There are now a number of drivers
for updating the safety case as an entire suite of documents, most notably the availability of
an updated inventory for disposal [4].

This document updates and replaces the 2010 Generic Disposal Facility Designs report,
published as part of the 2010 generic DSSC suite. This issue includes the following
improvements:

e The generic illustrative GDF designs have been updated to reflect an updated
inventory and to incorporate other changes to further improve and enhance the
designs.

o Consideration has also been given to addressing comments made by regulators
and other organisations that can be addressed at this early stage, while the designs
are generic.

e Additionally, reference has been made to a number of documents published prior to
and since the 2010 Generic Disposal Facilities Design report [5] that make specific
recommendations regarding the designs.

e This update captures these changes to the design as well as changes to the
underpinning assumptions, such as inclusion of the 2013 Derived Inventory (herein
referred to as the Inventory) which describes the types and numbers of waste
packages for disposal in the GDF. The Inventory is summarised in Section 2.5.1
and is described in more detail in the 2013 Derived Inventory [4]. A comparison
between the GDF designs for the different inventory scenarios is detailed in the
Implications Report [6].

The significant changes to the design since the 2010 generic DSSC are as follows:

¢ the layout of the surface facilities, in response to a review of security considerations

¢ the number of disposal vaults and tunnels required in the GDF, in response to the
Inventory

o the addition of dedicated Shielded ILW (SILW) vault types to accommodate different
waste package types in the Inventory

e disposal vault and tunnel lengths, spacing and orientation based on enhancements
to the design

Since publication of the 2010 generic DSSC, a number of design studies have been
undertaken in response to identified issues, implementation of a number of change controls
(the process for including design changes identified by RWM, regulators and other
stakeholders) and in areas where potential design improvements or enhancements were
identified. This update captures these changes to the design as well as changes to the
underpinning assumptions, such as inclusion of the 2013 Derived Inventory (herein referred
to as the Inventory) which describes the types and numbers of waste packages for disposal
in the GDF. The Inventory is summarised in Section 2.5.1 and is described in more detail
in the 2013 Derived Inventory.

1.3  Objective

The objectives of this report are to:

1) provide information on the work that has been undertaken to develop illustrative
designs for geological disposal in the UK

2) enhance the understanding of how waste disposal could be carried out in different
geological environments; how safety can be addressed in all phases of
development; what the environmental and socio-economic implications of geological
disposal might be; how long it might take to develop; and what it is likely to cost
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3) quantify the impact of adopting design changes and enhancements within the GDF
illustrative designs and the updated inventory, such that up to date designs are
available to support the siting process

14 Scope

The generic design for the GDF is described in the following two reports:

e The Generic Transport System Designs (GTSD) report [7] — describes the
operations required commencing at waste producers’ sites, to ensure safe and
efficient transport of transport packages through the public domain to the GDF. The
report describes both the requirements and potential logistics associated with the
transport operation based on road, rail and sea scenarios.

o The Generic Disposal Facility Designs (GDFD) report — describes the processes
of construction, waste package receipt, handling and emplacement and the design
characteristics that the disposal facility will need to include for the Inventory. The
report provides information on what the facility could look like and identifies the
different packaging and disposal processes for different types of waste.

These reports are intended to provide information to a wide range of interested parties on
the work undertaken to develop illustrative designs for geological disposal in the UK. The
designs have been developed drawing on work done both in the UK and in international
programmes in a number of different geological environments and aligned with the
requirements specified in the Disposal System Specification.

It is stressed that although illustrative designs have been prepared for each of the three
host rocks, this does not mean that any of the illustrative designs developed will
necessarily be finally chosen for the selected site, or that any of the designs are favoured
more than any other. Until such time as more specific information becomes available, the
approach will be to consider a limited number of geological environments, encompassing
typical, potentially suitable UK geological environments. This approach has been adopted
to provide a manageable number of illustrative designs which can be used in the
associated assessments of safety, environmental, social and economic impacts whilst
keeping open a broad choice of disposal concept options.

1.5 Document structure

This report describes generic disposal facility illustrative designs and includes the following:

e construction of surface facilities and underground access
e LHGW handling and emplacement

¢ HHGW handling and emplacement

e underground infrastructure and services

e backfilling

e sealing and closure

e monitoring

e security and safeguards

e retrievability

A summary of each section is as follows:

e Section 2 identifies the Disposal System Specification requirements, design
assumptions and primary design elements for the generic illustrative designs. This
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section includes information on the design process and how RWM integrates safety
requirements into the design.

e Section 3 summarises the environmental and sustainability requirements of the GDF
e Section 4 summarises the construction process

¢ the surface and underground facilities, services and infrastructure are identified in
Sections 5 to 11 inclusive

o Section 12 discusses the backfilling, sealing and closure requirements for the GDF

o Section 13 and 14 deal with the monitoring programmes that will be undertaken and
matters affecting security and nuclear safeguards

e Section 15 addresses retrievability and how waste could be retrieved from a
disposal facility

e the implications of adopting a different inventory scenario on the GDF design are
discussed in Section 16

e the report is concluded in Section 17 which describes the way forward and how the
design is expected to evolve over time

The drawings are listed at the end of the report.
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2 GDF Design Development

2.1 Disposal concepts

At the present generic stage of the programme, the range of geological environments that
could be available to host the GDF is wide and diverse and a range of potentially suitable
geological disposal concepts are being examined for LHGW [8] and HHGW [9].

A disposal concept is defined by the engineered barrier system and the layout required to
deliver the safety functions and requirements defined in the Disposal System Specification
(DSS). A disposal concept is specific to a waste category and geological environment.

At this stage in the process, RWM has selected six illustrative geological disposal concept
examples as the basis for RWM'’s current design work and these are listed below in Table
1. These concepts have been developed within specific geological constraints and are
supported by extensively documented research and development and have been subject to
detailed safety assessment, regulatory scrutiny and international review. However, this
does not mean that a disposal concept developed now will necessarily be that used in a
particular geological environment; at this stage, no disposal concepts have been ruled out.

Table 1 Sources of illustrative geological disposal concepts for host rocks and
classes of waste
lllustrative Geological Disposal Concept Examples®
Host rock
LHGW HHGW
Higher strength UK LHGW Concept KBS-3V Concept
rocks® (RWM, UK) (SKB, Sweden)
Lower strength Opalinus Clay Concept Opalinus Clay Concept
sedimentary rock” (Nagra, Switzerland) (Nagra, Switzerland)
Evaporites® WIPP Bedded Salt Concept Gorleben Salt Dome Concept
P (US-DOE, USA) (DBE-Technology, Germany)
Notes

a. Higher strength rocks — the UK LHGW concept and KBS-3V concept for spent fuel were selected

due to availability of information on these concepts for the UK context.

b. Lower strength sedimentary rocks — the Opalinus Clay concept for disposal of long-lived ILW,
HLW and spent fuel was selected because a recent OECD Nuclear Energy Agency review
regarded the Nagra (Switzerland) assessment of the concept as state of the art with respect to
the level of knowledge available. However, it should be noted that there is similarly extensive
information available for a concept that has been developed for implementation in Callovo-
Oxfordian Clay by Andra (France), and which has also been accorded strong endorsement from
international peer review. Although we will use the Opalinus Clay concept as the basis of the
illustrative example, we will also draw on information from the Andra programme. In addition, we
will draw on information from the Belgian super container concept, based on disposal of HHGW
in Boom Clay.

. Evaporites - the concept for the disposal of transuranic wastes (TRU) (long-lived ILW) in a
bedded salt host rock at the Waste Isolation Pilot Plant (WIPP) in New Mexico was selected
because of the wealth of information available from this facility. The concept for disposal of
HHGW in a salt dome host rock developed by DBE Technology (Germany) was selected due to
the level of concept information available.

. For planning purposes the illustrative concept for depleted, natural and low enriched uranium is
assumed to be same as for ILW/LLW and for plutonium and highly enriched uranium is assumed
to the same as for HLW/SF.

(2]

(=N

0649-06-NDA

It should be noted that these individual examples are not considered to be the ‘best’
available or even especially suited to implementation in the UK. Rather they provide a
range of options (disposal in tunnels, with or without supporting plinth, in boreholes and in
caverns), which covers the range within the catalogue of concepts previously described for
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LHGW and HHGW. This approach does not imply any preference over other national
concepts or concept options or ones.

Development and the technical understanding of disposal concepts is a continuing process
and work to select the most appropriate disposal concepts will continue as the GDF design
is refined. Further information about the disposal concepts being considered and their
selection is provided in the Technical Background.

2.2 Development of the generic designs

The three illustrative designs presented in this report are based on the six geological
disposal concepts identified in Table 1 above (higher strength rock, lower strength
sedimentary rock and evaporite rock).

The illustrative designs are currently being used to:

o further develop the understanding of the functional and technical requirements of the
disposal system

e further develop the understanding of the design requirements

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

e support development and prioritisation of RWM’'s R&D programme
¢ underpin the analysis of the potential cost of geological disposal

e support assessment of the disposability of waste packages proposed by waste
owners

At the current stage of the programme, work is focused on analysing and developing
generic, illustrative designs. In the future, these illustrative designs will be tailored to the
specific boundary conditions of UK geology and the waste inventory, and also constraints
resulting from the siting process. It is expected that these illustrative designs will continue
to be required and updated as the designs move forward through the process from their
current illustrative status through the conceptual and preliminary design stages and until a
detailed design for the GDF at a specific site is developed.

Generic illustrative designs will also be maintained in parallel with site-specific designs.
The purpose of these generic illustrative designs will be to support generic assessments, to
provide information to support the verification of site-specific designs and also support the
Disposability Assessment process until a specific site is identified. The process for design
development is shown in Figure 2.



DSSC/412/01

Figure 2 Engineering design development
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2.3 lterative design process

RWM has developed a generic DSS which describes the requirements on the disposal
system and provides the starting point for design and assessment work. The DSS
comprises two documents:

¢ The Disposal System Specification Part A — High Level Requirements (DSS
Part A) [10] — which describes the high-level requirements on the disposal system
and is in a form suitable for a wide range of stakeholders

¢ The Disposal System Specification Part B — Technical Specification (DSS Part
B) [11] — which describes in more detail the requirements on the disposal systems,
together with a justification for each requirement

The illustrative designs have been developed to be consistent with the requirements
defined in the DSS Part B. These documents currently describe generic requirements,
reflecting the fact that a site and a disposal concept have yet to be selected. They will be
periodically updated throughout the implementation of the GDF programme, for example to
respond to changes in regulations and to respond to issues identified from undertaking
safety assessments. The DSS Part B, in particular, will evolve from generic to site-specific
requirements as site-specific information becomes available.

Figure 3 gives an overview of the process by which the DSS incorporates external sources
of information to guide the design and assessment processes, which in turn leads to
refinements and changes in the DSS. Since this figure represents a high-level illustration
of the process, to avoid making the figure over-complicated feedback loops have not been
explicitly represented. Nevertheless, this figure clearly identifies the main constraints on
and outputs from the design process.
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Figure 3 Iterative disposal system development
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The use of illustrative designs and safety assessments of these designs allows RWM to
challenge and identify potential improvements to these designs and allows appropriate
disposal solutions for different waste types to be addressed and identify further research
and development tasks.

The iterative process described in Figure 3 will continue as development of the design and
safety case continues. There will be hold points throughout this process when regulators
will be required to assess the safety case and agree or give consent to commence the next
stage (for example, construction, commissioning, operation, decommissioning, closure).
Safety Functional Requirements will be used to provide the formal, auditable link between
the safety assessment work and the design. Requirements will be developed in terms of
design functionality so that designers have the freedom to provide the most appropriate
way to implement the required functions. In the future, this will be integrated into a formal
requirements management system that is likely to include a constraints set in order to
clearly articulate and agree the requirements and enable their delivery.

2.4 Design reports and supporting documents

As described in Section 1, the generic illustrative design for the GDF is described in two
reports: the GTSD report and this document, the GDFD report. These reports present an
overview of what the facility and the transport system could look like and identifies the
different packaging and disposal processes for different types of waste. The data that
supports the designs presented in these reports are provided in the Data Report [12].
These reports are supported by a number of other documents:

o Design Status Report [13] — This document records the rationale behind the key
historical design developments to date and the overview of the engineering design
work. This status report will be periodically updated to include design
enhancements that are adopted, in order to support any future design development
work and to provide reference to the underpinning source information.

e Engineering Design Manual [14] — The Engineering Design Manual is the part of
the RWM'’s internal management system which describes the engineering design
process that will be followed to establish, maintain and update the engineering
designs that will be used for the development, construction, commissioning,
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operation, closure and decommissioning of the waste disposal systems for the GDF.
This manual provides users of the engineering design process with an overview of
the requirements, expectations, steps and tools to work with confidence and
compliance, to know how to obtain the detailed operational documentation, and
understand how that fits with the wider arrangements.

o Science and Technology Plan [15]- In order to prioritise the R&D programme,
RWM has developed a Science and Technology Plan which presents a plan to
deliver future generic research and development activities. Generic is defined as
those activities that can be undertaken without specific knowledge of the eventual
host site for the GDF. The plan provides opportunities for dialogue and involvement
of interested parties and stakeholders in the development of RWM'’s knowledge
base for the safe geological disposal of radioactive waste. This document identifies
areas in the GDF design where additional work is required to expand the RWM
knowledge base.

To underpin the design process, it is sensible to take advantage of the work carried out in
the area of geological disposal over the last three decades, in the UK and overseas. RWM
is continuing to collaborate with other national programmes on research, demonstrations
and trials for aspects of geological disposal. These include DOPAS (Demonstration of
Plugs and Seals), ESDRED (Engineering Studies and Demonstration of Repository
Designs), MoDeRn (Monitoring Developments for Safe Repository Operation and Staged
Closure). RWM is also continuing to collaborate with other national programmes on
emplacement technologies for LHGW and HHGW and full-scale mock-up trials for the
emplacement of HHGW packages have been carried out in underground or surface
research facilities in countries such as Germany, Sweden, Switzerland, France and
Belgium. These collaborations are discussed in more detail in the Science and Technology
Plan.

Since publication of the 2010 generic DSSC, the GDF and transport system designs have
been developed to address identified issues and enhance aspects of the designs. One
aspect of this work programme has been the adoption of Building Information Modelling
(BIM) and the development of GDF designs in a 3D design environment. The use of BIM is
part of the Government Construction Strategy [16], which requires the whole project
lifecycle, including the design, to be conducted in a BIM environment.

This approach is outlined in [17] and sets out the process for RWM to be compliant with the
Government’s requirement that all public sector construction projects are delivered in a BIM
environment by 2016.

Since the first edition of this report and in accordance with the adoption of BIM as
described above, three dimensional representations of the illustrative GDF designs have
been developed for each geological environment. These 3D representations have been
used in the updated illustrative GDF designs presented in this report and will continue to be
developed to add further detail and functionality in the future as the process progresses.

2.5 Design assumptions

In order for RWM to develop illustrative designs for the GDF within different host rocks and
to allow safety, environmental and socio-economic assessment assessments of these
illustrative designs, assumptions have been made regarding the design, construction,
operation and closure of the GDF. This section describes the design assumptions used in
the current generic designs. The basis for the illustrative designs for the GDF in the UK,
including assumptions for the geological environment, radioactive waste inventory, waste
package design and disposal concepts are presented in the Technical Background.
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2.5.1 Inventory

It is assumed that the GDF will accept all types of LHGW and HHGW as specified in the
Inventory, the volumes of which are detailed in Appendix A with the associated quantities of
each type of waste package listed in Appendix B. The waste packages include legacy
waste arising from the UK nuclear industry since the 1940’s and also nuclear new build
(NNB) packages that are anticipated to be generated by the planned new fleet of nuclear
power stations.

The volume of waste produced by new power stations would depend on factors such as the
reactor type, number of new reactors and their operational life. RWM currently makes
assumptions regarding these factors in order for us to understand the relationship between
the amounts and nature of such wastes and the implications for the size and design of the
GDF and for the level of safety and environmental protection provided by the facility. The
waste types and the waste package types currently assumed to be disposed of within the
GDF are shown in the table below.
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Table 2 Radioactive waste categories

Category Sub-division Waste Package Types

4 metre box
500 litre drum

LLW

2 metre box

4 metre box

6 cubic metre concrete box
500 litre robust shielded

SILW drum

3 cubic metre robust
shielded box

1 cubic metre concrete
drum

500 litre concrete drum

LHGW 3 cubic metre box

3 cubic metre drum
UILW 500 litre drum

Miscellaneous Beta
Gamma Waste Store
(MBGWS) box

500 litre drum
(Miscellaneous and TPU
waste streams, handled as
UILW)

Transport and Disposal
Container (Depleted UF6
Tails and MDU, handled as
SILW)

DNLEU?

HLW

SF?

HHGW Pu Disposal container
HEU

Mixed Oxide Fuel (MOX)

It is currently assumed that no waste packaging or encapsulation will be undertaken at the
disposal facility and all waste will arrive packaged in a form that meets the relevant

2 DNLEU will be packaged in 500 litre drums (UILW) and Transport and Disposal Containers (SILW) depending
upon the waste stream

® This includes both Legacy spent fuel (Magnox and PFR) and spent fuel arising from a programme of new
nuclear power stations
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specifications (as detailed in the GTSD report) and therefore, is suitable for emplacement
on arrival at the facility.

2.5.2 Surface facilities and underground access

As no host site has yet been identified for the GDF, the surface facilities are currently
assumed to be located on a single rectangular-shaped site with level topography.

At this stage, the underground facilities are assumed to be constructed directly below the
surface facilities. However, it is possible that the surface site could be horizontally
displaced and the accessways (drifts and shafts) linked to the underground disposal areas
by service tunnels. There are several factors, many of which are site-specific, that will
need to be considered when determining the maximum lateral separation that could be
feasible.

2.5.3 Geological environment and depth of the underground facility

For the higher strength rock example, the host geological environment is assumed to be a
higher strength rock overlain by a permeable sedimentary rock.

For the lower strength sedimentary rock example, the geological environment is assumed
to be a lower strength sedimentary rock overlain by a permeable sedimentary rock.

For the evaporite rock example, the geological environment is assumed to be a bedded
evaporite (halite) rock salt overlain by a permeable sedimentary rock

For the purposes of developing the illustrative designs, the following depths below ground
level have been assumed for the three host rocks:

e higher strength rock — 650m
e lower strength sedimentary rock — 500m
e evaporite rock — 650m

The location of the disposal horizons will be determined by the site investigations and the
safety case, and will also take into account the potential advantages and disadvantages of
increased depth.

2.5.4 Underground facilities

The underground facilities are assumed to be arranged in an idealised layout, to be
constructed on one level or horizon within a single uniform rock formation containing no
structural discontinuities. For each geological environment considered, it is assumed the
host rock will be sufficiently extensive vertically and horizontally to accommodate the
facility.

The current illustrative disposal facility designs recognise the potential for deleterious
interaction between co-located disposal areas of the GDF. To minimise the effects of such
interactions, the current planning assumption, irrespective of geological environment, is to
observe a minimum 500m separation distance between the LHGW and HHGW disposal
areas [18].

2.5.5 Construction, operation and closure

For the purposes of developing the illustrative designs, the initial underground construction
phase of the GDF is assumed to take approximately 10 years, during which time
underground access will be established and the facility will be constructed to the point
where it could accept waste.

At this stage, for the purpose of providing a basis for undertaking safety assessments and
environmental assessments, and considering the logistics associated with moving wastes
to the facility, assumptions have been made regarding the timings and throughput rates.
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Throughput rates have been based on earlier studies (Generic Repository Designs [19]) or
from information drawn from other national programmes.

The timing of the disposal programme is very important for planning, not only for RWM but
also for the organisations having responsibility for the wastes held in interim storage and
for communities affected by the management arrangements for the wastes.

RWM assumes as its planning basis that the GDF will be available to receive LHGW in
2040 and HHGW in 2075. It is recognised that the basis for the siting process is consent-
based and partnership, and consequently the process is driven in large part by discussions
with local communities. Therefore this date, like all other aspects of the current GDF
programme, must not be seen as fixed, but rather a reasonable basis for planning based
on current assumptions. It is assumed that disposal vaults and tunnels will be constructed
on an as required basis throughout the operational period. The operational assumptions
are assumed to be consistent across the three illustrative designs.

For the purpose of developing the illustrative design, it is currently assumed that the
backfilling, sealing and closure of the LHGW vaults, roadway infrastructure and access
ways from the surface will take place over a nominal 10 year period after completion of all
emplacement operations. As the HHGW disposal tunnels are backfilled as emplacement
progresses, complete backfilling of these tunnels will be completed on commencement of
this 10 year closure period. During this period, all equipment would be decommissioned
underground and the vaults, tunnels, shafts and drift backfilled and sealed. The surface
facilities would be decommissioned and demolished and the site restored to an agreed end
state.

2.5.6 Underground construction

It is assumed that construction of the vaults for LHGW and the disposal tunnels for HHGW
will take place concurrently with emplacement operations. At the time of first waste
emplacement, there will be one unshielded ILW (UILW) vault constructed and operational,
one UILW vault undergoing fit-out and one SILW/LLW vault constructed and operational. A
vault for Robust Shielded ILW (RSILW) waste packages will also be constructed ready for
waste disposal although this would depend upon the schedule of arising RSILW
Containers. Construction of one HHGW disposal module comprising 20 disposal tunnels
will be completed prior to the arrival of the HHGW containers.

Construction of the vaults for LHGW and the disposal tunnels for HHGW will take place on
an as-required basis, with potentially two or three tunnels under construction and fit-out at
any one time.

2.5.7 Depth of underground facility

Based on the 2014 White Paper [2], it is assumed that the depth of the GDF will be
between 200 and 1000 metres below ground level. The assumed depth is 650 metres
below ground level for the higher strength rock and evaporite rock designs, and 500 metres
below ground level for the lower strength sedimentary rock design. Additionally, it is
assumed that there will be 300 metres of overlying water-bearing strata in all three host
rocks considered.

2.5.8 Excavation support

The assumptions for support are currently based on the disposal concepts adopted by
sister organisations and assessed in the Design Assessment for Geological Repositories
Report [20].

In the higher strength rock and lower strength sedimentary rock designs, the excavation
support is assumed to comprise a combination of steel mesh, rockbolts and shotcrete. For
the lower strength sedimentary rock design, the use of concrete segmental linings has not
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been discounted. In evaporite rock, the assumption is that rock bolts and mesh will be
used for excavation support.

The long-term stability of excavations is an important consideration, bearing in mind the
currently assumed operating period of the facility; some features including the shafts, drift,
and common services area will be required to be stable and serviceable for up to 160
years. Excavation support, maintenance and associated monitoring considering this
extended operating period will be a key area for future design activities to ensure this can
be achieved [21].

It is assumed that access to the facility excavations for inspection and maintenance will be
available in all but the remotely operated areas, which could be inspected using remote
means. Maintenance requirements of the support systems will vary with the rock types, but
more reliance will be placed on the support systems rather than the rock itself as rock
strength reduces and/or depth increases.

2.6 Integrating safety into the design

Safety, environmental, security and safeguards principles have been defined for the design
process [22]. These define the objectives of geological disposal as being to ensure that all
disposals of solid radioactive waste are made in a way that protects people and the
environment, now and in the future, commands public confidence and is cost-effective.

Concentrating and containing radioactive waste and isolating it from the surface
environment is the internationally accepted strategy for the long-term safe management of
such materials. The development of the GDF will follow internationally accepted practices
with the use of multiple engineered and natural barriers to achieve safety. Radiological
protection as outlined in the Radiological Protection Criteria Manual [23] is followed for the
generic designs.

The illustrative designs consider the transport of radioactive waste, the construction,
operation and closure of the GDF and the safety of the disposal facility in the very long
term, after it has been sealed and closed. More detail on the safety of the GDF can be
found in the transport, operational and environmental safety cases [24, 25, 26].

RWM has also continually reviewed and updated the illustrative designs based on the
outputs from the safety assessment process. This process involved interaction between the
designers and safety assessors to ensure that these proposed changes complied with the
relevant safety legislation. This interface between design and assessments ensures that
the safety cases and design are integrated to one another.

These illustrative designs for geological disposal provide a number of key safety provisions
in the packaging, transportation and handling of radioactive wastes within the disposal
facility and are discussed in the following sub-sections.

2.6.1 Assessment of waste packages

The quality of the waste packages is essential to operational safety of the GDF. At
present, to ensure compliance with the DSS, generic waste package specifications [27]
have been developed to specify the requirements for the waste packages. Assessment of
a packaging proposal is undertaken as part of the Disposability Assessment process
against the requirements of these specifications. This process gives the waste producer
confidence that the waste package has been assessed by an independent waste
management organisation in accordance with procedures that are scrutinised by the
regulators and has been found to be compliant with the concept for geological disposal as
presently understood. This does not remove the need for further assessment of the waste
package against future waste acceptance criteria but, the provision of a final-stage
Disposability Assessment Letter of Compliance is an essential component of the package
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record. Further information on the Disposability Assessment process is available in
Radioactive Wastes and Assessment of the Disposability of Waste Packages [28].

2.6.2 Transport packages

The transport system for radioactive waste includes all of the processes, equipment and
management arrangements required for the movement of waste packages from a waste-
producing site to the GDF including, for example, loading of transport packages onto
vehicles, monitoring of transport packages and vehicles during transit as well as changes in
transport mode.

The most hazardous materials, including some types of LHGW and all HHGW, are planned
to be transported in large reusable transport containers made from high-integrity materials
that provide containment of radioactive materials and shielding from radiation even under
transport accident conditions (severe impact and fire). At this stage designs have been
developed for two re-usable transport containers to transport waste to the GDF. The first is
a Standard Waste Transport Container (SWTC) which will be used to transport the majority
of LHGW packages. The second is the Disposal Container Transport Container (DCTC)
which will be used for the transport of HHGW [7].

RSILW containers will be transported to the GDF using a transport overpack, which is an
enclosure for transporting one or more waste packages from the waste site to the GDF.

Less hazardous LHGW is assumed to be packaged in ‘industrial packages’; typically large
steel or concrete boxes which are designed to be both a transport and disposal package.

The safety of the packages is provided by a combination of the design and by the
regulatory limitation of the quantity and form of the radioactive material that can be carried
in the respective transport containers. The adoption of encapsulated wasteform will also
help to potentially minimise the likelihood of internal contamination of the transport package
although facilities exist to monitor and decontamination the interior of transport packages if
necessary. Details of these designs and their assessment of safety are provided in [7].

2.6.3 Receipt and dispatch of transport packages

Under currently established arrangements, prior to any waste packages being dispatched
to the GDF, a rigorous system of checking and monitoring of each transport package will
be carried out by the consigning organisation (the waste owner or the organisation acting
on behalf of the waste owner) as detailed in Transport Package Safety report [29]. This will
ensure, in particular, that the specific identification of individual waste packages in terms of
the nature and quantity of waste is confirmed and that the package complies with the waste
acceptance criteria that will be established for receiving waste at a disposal facility.

Following receipt of packages at the GDF, administrative checks of the consignment,
physical inspection of the transport package, and radiological measurements of surface
dose and contamination will be carried out. This will confirm that no damage had been
sustained in transport and act as a cross-check on the inspection carried out at the point of
dispatch.

Should any packages fail to meet acceptable criteria, then facilities will be in place to safely
and properly handle these. These facilities are described in more detail in Section 5.

2.6.4 Surface facilities

When considering conventional and radiological safety, it is prudent to physically segregate
construction and waste handling operations, with separate controlled access to each area.
The waste handling and transfer operation will be classified for radiological protection
based on the potential levels of radiation and contamination in each area.
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Surface facilities are to be designed to meet all requirements necessary to satisfy the
safety case. The buildings and structures, whose failure could affect the safe operation of
the facility, will be seismically qualified and designed to cope with factors such as extreme
weather conditions. The design of the buildings will also include appropriate security
features as required for the waste types.

The layout of the surface facilities has been developed based in part upon a recent
assessment of security requirements for the GDF. The results of this assessment have
been used to ensure the proposed security measures are robust and include an increase in
fencing and barriers, relocation of car parking to outside of the perimeter fence and a
reduction in the sections of straight road leading up to the facility.

2.6.5 Transfer underground

The illustrative designs for higher strength rock and lower strength sedimentary rock
environments assume that waste packages are transported underground on an inclined
drift transport system. This system would be designed to meet ONR’s non-prescriptive
regulatory framework, building on the safety standards of the Swiss Federal Office of
Transport as provided in The Ordinance on the Construction and Operation of Railways
[30] (which are effectively the world safety standards for rack and pinion operation), and
would be similar to those used throughout the world for the safe transport of passengers
and freight on steep gradients as detailed in Drift Rack and Pinion Transport System
Specification and Justification [31]. Where RWM intends to use designs and/or standards
for structures, systems and components related to nuclear safety, further work will be
required to analyse those designs and/or standards to demonstrate that they meet the
ONR’s non-prescriptive nuclear safety regulatory regime. This comprises rack and pinion
locomotives, which are on a separate rail system to that used for surface rail receipt, to
avoid direct connection to the underground access drift. In accordance with standard rack
and pinion railway practice, the drift locomotives would always be at the downhill end of the
train while in the drift. The locomotives and vehicles would be equipped with multiple
failsafe braking systems and two locomotives would be used to ensure safety should there
be a failure with one of them. All drift wagons would be specifically designed for rack and
pinion operation. They would be equipped with brakes that engage with the fixed rack [31].
A rack and pinion system was chosen as the most appropriate means of transporting large
loads (up to 80t) down a steep incline. The incline, up to 1:6, is deemed too steep for
conventional locomotive which rely on frictional adhesion. Other forms of transport were
considered, such as a cableway and funicular railway, but rack and pinion was selected as
the prefered choice for this application [31].

The illustrative design in an evaporite rock environment assumes that the waste packages
will be transported underground via a vertical shaft. The operating facility within evaporite
deposits at the Waste Isolation Pilot Plant (WIPP) in the USA transports waste via shafts
and it was proposed to utilise shaft transport at a proposed repository in the Gorleben salt
dome, Germany [32] and also by Posiva at the proposed repository in Finland [33]. In
order to comply with UK law, it is necessary to demonstrate the risk for operations to be as
low as reasonably practicable. All shaft conveyances would be designed to meet the
Mines Regulations 2014 (as relevant good practice) as would be the case for conventional
mine equipment. Although shaft transport designs would be based on conventional mine
winding systems, which are used extensively and internationally as a means of safely
accessing deep underground mines and are high integrity, the waste shaft hoist would be
designed and constructed to be of demonstrably very high integrity with substantiation in
line with that used for nuclear cranes with any learning from experience from international
designs for waste shaft hoists. In addition, it is recognised that to make a safety case for
its use, a number of additional safety claims will be necessary. These are likely to include
consideration and demonstration of waste package integrity in identified fault scenarios.
Any shaft hoist would likely have additional measures such as an additional independent
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load-path if found to be practicable. Conventional safety systems would be included which
protect against over-travel and uncontrolled lowering along with impact absorbers and shaft
bottom arrestors. Where required, containment and shield doors could also be
incorporated into any design to give additional protection to operators and the public. It is
also likely that movement of the shaft conveyance would be done remotely and operator
access at delivery of the waste package to the underground environment restricted.

Although there is an assumption that, in Evaporite, access from the surface to the disposal
horizon will be by shaft only, in practice, access could be by shaft and/or drift in any of the
geological environments which RWM is considering. The preferred solution will be highly
dependent on the local geology, and is therefore a site specific issue.

2.6.6 Handling operations

All lift heights will be kept to a minimum so as to limit potential damage to the waste
package, in the unlikely event that a waste package is dropped. The UK has experience of
handling ILW from the management of a number of waste stores. Transport containers will
be monitored to check for integrity at surface in the waste receipt and transfer facility. If the
container or package is non-compliant it can be taken ‘off-line’ to a maintenance facility for
further monitoring and testing.

Once underground, UILW waste packages are monitored at the inlet cell prior to removal
from the SWTC. In a higher strength rock, transport containers carrying disposal
containers would be monitored at the underground transfer hall prior to the container being
removed from the transport container and transferred in to the deposition machine. In a
lower strength sedimentary rock and evaporite rock the HHGW transport container would
be monitored prior to being transferred on to the narrow gauge rail system.

2.6.7 Construction and operation activities

The illustrative designs have been developed assuming that the underground operations
associated with construction (such as excavating the underground disposal vaults and
tunnels) will be kept separate from the operational activities (such as the emplacement of
waste) with the use of separate access routes underground, separate ventilation circuits
and a series of mobile seals and bulkheads. These aspects are discussed in more detail in
Section 8.

Personnel access and egress will be possible by both the construction and operational
sides of the GDF; i.e. there will be two possible routes for access and two for egress.

The spacing between the vaults will be arranged to minimise geotechnical interactions
between adjacent vaults, and will take into account the need for concurrent construction
and waste emplacement operations.

Tunnelling and underground excavation can be a hazardous activity and construction must
be undertaken with robust safety management arrangements and complying with general
health and safety, mining and nuclear legislative requirements.

The GDF will be constructed using a combination of techniques such as drilling and
blasting methods, tunnel-boring machines, continuous miners and roadheaders, depending
on the nature of the host rock and the size and dimensions of the tunnel to be driven.
Safety during construction will be provided by working to a well-defined safety management
system, and by establishing a strong safety culture.

The Generic Operational Safety Assessment [25] identifies the non-radiological safety
assessment during construction and operations at the GDF.
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Workers carrying out operational, maintenance, inspection and testing activities at the GDF
will be subject to radiation doses. The Operational Safety Case assesses the operations
undertaken in relation to waste handling and emplacement to ensure that any radiation
doses received by workers are as low as reasonably practicable (ALARP).

2.6.8 Ventilation and drainage systems

In the illustrative designs both the ventilation and drainage for underground construction
and waste emplacement areas are designed as separate systems. The design of both
systems will allow progressive development of the disposal facility with concurrent
construction and waste emplacement. This will be achieved by the installation of
bulkheads and seals between two separate circuits, which could be moved periodically to
switch the services for each newly constructed disposal vault or disposal tunnel to the
waste emplacement circuit.

The ventilation system will control certain aspects of the underground environmental
conditions, but importantly it has also been designed to ensure that the construction areas
remain at a positive pressure relative to the waste emplacement areas. The waste
disposal area ventilation will be kept at a negative pressure, relative to both the surface
atmosphere and the construction areas. The ventilation system is described in more detail
in the GDF Ventilation Study report [46].

2.6.9 Power supply

The illustrative designs provide for two independent power supplies to the construction and
operational areas, each with the capacity to meet the demands for maintaining the facility
should one of the supplies fail. Back-up generation and emergency winding facilities will
also be provided. The illustrative designs provide for systems which are sufficiently robust
to remain safe in the event of system failures such as provision for the recovery of remote
handling equipment. An assessment of the resilience of the proposed GDF power supply
has been undertaken and the findings presented in the Assessment of the Current GDF to
Withstand Loss of Off-site Power Report [34] and the conclusions of this study have been
incorporated into the GDF design. Further detail is described in Section 11.4.

2.6.10 Backfilling and sealing

Backfilling (including emplacement of buffer materials, local and peripheral backfill) and
sealing of disposal areas is required as part of the multi-barrier functions for waste
disposal.

Buffer or backfill is placed around the waste container to:
e protect the waste container from physical disruption (eg by movement in the
bedrock)

e control the rate at which groundwater can move to and around the waste container
(eg by preventing flow)

e control the rate at which corrosive chemicals in groundwater can move to the waste
container

e condition the chemical characteristics of groundwater and porewater in contact with
the container and the wasteform so as to reduce corrosion rate and/or solubility of
radionuclides

e control the rate at which dissolved radionuclides can move from the wasteform into
the surrounding rock

e control or prevent the movement of radionuclide-containing colloids from the
wasteform into the rock

e suppress microbial activity in the vicinity of the waste
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e permit the passage of gas from the waste and the corroding container into the host
rock

Mass backfill will be placed in all service and transport tunnels and will:

¢ restore mechanical continuity and stability to the rock and engineered region of a
geological disposal facility so that the other engineered barriers are not physically
disrupted (eg as a clay buffer takes up water and expands)

e close voids that could otherwise act as groundwater flow pathways within a
geological disposal facility

Seals will be constructed to:

o cut off potential fast groundwater flow pathways within a backfilled geological
disposal facility (eg at the interface between mass backfill and host rock)

e prevent access of people into a closed geological disposal facility

The designs for plugs and seals are based on a wide range of international designs
underpinned by research programmes such as the DOPAS Project in which RWM
participated. Lessons learnt from these programmes will be applied to the GDF in the UK.

2.7 Flexibility of the design

At the current stage of the programme, RWM is examining a wide range of potentially
suitable disposal concepts so that a well-informed assessment of options can be carried
out at appropriate decision points in the implementation programme. Drawing from this
work, illustrative designs have been prepared for each of the three host rocks.

RWM does not intend that one of these illustrative designs is necessarily the one that
would be used in the relevant geological environment and at this stage no geological
disposal concept has been ruled out. Depending on the location of the GDF, there could
be a number of additional considerations incorporated into the design.

The following sections describe some of the potential variations that could be incorporated
within the GDF design in the future.

2.7.1 Surface facilities

The surface facilities will be the most visible aspect of the disposal system, and minimising
adverse effects on local landscape character and visual amenity will be an important
design consideration.

If it was not possible to locate all required surface facilities on a single site due to space
constraints, then the division into a waste receipt site and a construction site would be a
potentially viable option which would not necessarily affect the underground layout. The
main constraint would be the location of the underground access points (drift / shafts)
relative to the GDF underground facilities in order to make logistics practicable.

Even if the surface facilities were to be located at two or more sites, then, depending upon
the siting process, the facility would still operate in the same way as the designs outlined in
this report.

2.7.2 Extent of underground facilities

The size of the underground areas of the GDF will be determined by the Inventory, the
selected disposal concepts, including such aspects as: the size of excavations and
separation distances between emplacement zones, characteristics of the host geological
environment, for example the orientation of stress, the presence of major structural
discontinuities and the near-field geological environment. Indicative underground layouts
have been prepared for a single inventory scenario (the Inventory). These simplified
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indicative layouts assume that the host rock is sufficiently extensive, vertically and
particularly horizontally to accommodate the GDF on a single horizon.

In practice, land ownership, mineral rights, planning boundary issues and the lateral extent
of the host rock and the presence of layout-determining structures such as fault zones
could limit the area available. The underground facilities have therefore been designed in
modules to allow for flexibility and enable the design to be modified, based upon the
structural geology of the host site. For example, modules will be positioned to avoid
structural features such as faults.

In practice, it may be possible or desirable to build the GDF over a smaller area, either by
virtue of the host rock being sufficiently thick or due to the presence of a different, suitable
host rock above or below the proposed facility horizon. If such geological conditions
prevailed and if the rock mass characteristics were acceptable, then it could be possible to
develop the facility on multiple levels, each having a smaller footprint.

If a multi-level facility was constructed, there would be little or no impact on the surface
facilities or the underground workings, other than to reduce the horizontal extent of the
underground. Where disposal vaults and tunnels are constructed on multiple levels, it is
essential to ensure that sufficient separation is maintained to ensure that there is no
detrimental interaction between them.

2.7.3 Depth of the underground facilities

The depth at which the GDF will be located is assumed to be between 200m and 1,000m
but the exact depth will depend on the site geological environment. For planning purposes,
a minimum depth of 200m is specified, to provide a depth of cover greater than the likely
maximum extent of surface change in the very long term while the wastes are still
hazardous.

The maximum depth of 1.0km is considered appropriate at this time for construction, but in
some situations it would be possible to construct at greater depths. As the depth of a
disposal facility increases, the range of options available for access, construction, operation
and closure reduces. Ambient temperatures rise due to the geothermal gradient and
construction and operational requirements increase, subject to the rock mass
characteristics. The depth of any potential geological environment will, therefore, be
important in determining how the facility will be constructed, the excavation sizes, the
support requirements and long-term stability in the underground environment.
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3 Environment and Sustainability

RWM carries out generic environmental, socio-economic and health impact assessments
[35, 36, 37], alongside its generic safety case work, to support illustrative design
development and to inform the early stages of the siting process for the GDF. Potential
mitigation (and enhancement) measures identified by this work are fed back into the design
process. Site-specific environmental and sustainability assessments will be carried out to
support more detailed stages of design and later stages of the siting process. Ultimately, a
detailed Environmental Impact Assessment (EIA) will be prepared to support a
development consent application to construct and operate the GDF at the chosen site.
Further information on RWM'’s approach to environmental and sustainability assessment is
provided in a technical note [38].

The iterative process of environmental and sustainability assessment feeding back into
design development will help to ensure that the environmental performance of the GDF is
maximised. However, this process is largely reactive and will not necessarily capture and
address all of the environmental and sustainability issues associated with design
development — particularly at a detailed level. To provide a more proactive input, RWM has
developed sustainable design objectives [39] covering themes such as embodied impact,
energy efficiency and use of renewable resources. These feed into the design process
through the DSS. RWM’s approach to addressing these objectives is described in the
Implementation plan and proposed approaches [40].

This “twin track” approach to addressing environmental and sustainability issues in design
is illustrated in Figure 4.

Figure 4 Addressing environmental and sustainability issues in the design
process
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The key environmental and sustainability issues identified from RWM'’s generic assessment
work, and how they are being, or will be, addressed during design development are
outlined below.

3.1 Surface spoil management

The generation of spoil from underground excavations has been identified as a key issue in
terms of potential environmental effects. For example, the surface storage of spoil will
have an effect on landscape character and visual amenity; the transport of large spoil

23



DSSC/412/01

volumes off-site may result in significant noise and air quality effects and it may significantly
increase the carbon footprint of the facility. Early consideration of spoil volumes, the
phasing of spoil generation, the capacity for surface storage and the need for off-site
transport is essential in understanding and assessing such effects. This has been
considered in the design of the generic transport system. In principle, the design aims to
minimise spoil generation and, where possible, to maximise its retention on site in the form
of either temporary or permanent screening bunds.

In some geological environments, excavated spoil will eventually be used as backfill in the
underground facility. In such cases, surface storage of spoil rather than disposal off-site
further reduces the need for transport movements to import backfill.

Careful consideration will be given to the disposal route and transport mode for any surplus
spoil taken off site and to any commercial value, or other use it may have. Appropriate
dust control measures will also be implemented during bund construction and during any
re-use of spoil for backfill. Appropriate monitoring and spoil management will also be
implemented to mitigate leachate problems if required.

Any solid secondary wastes generated during the operation of the facility will be disposed
of within the GDF prior to closure of the facility. Provision will also be made for the
management of any contaminated wastes arising from decontamination activities at the
GDF. The design seeks to minimise the amount of radioactive waste and effluents
produced by disposal facility operations.

3.2 Traffic and transport management

Careful attention to the design of the transport system, selection of the most appropriate
transport modes, transport routes and sympathetic infrastructure development will all serve
to minimise any potential adverse environmental effect and, at the same time, will result in
a transport system which can be operated in a safe and efficient manner. The transport
operations associated with the GDF include the transportation of radioactive waste,
construction materials and equipment, excavated spoil, personnel and visitors.

Rail is assumed to be the primary means for importing bulk construction materials and
most radioactive waste packages and for the export of any excess rock spoil. A rail station
has also been included in the generic surface layout to allow for the possibility of workers
commuting by rail, although the viability of a passenger rail system has yet to be assessed
in light of the assumed number of workers regularly travelling to and from the GDF. Further
information on the design of the transport system associated with the GDF can be found in
the GTSD report.

3.3 Landscape character and visual amenity

The visual appearance and setting of the GDF in the landscape will be influenced by a
combination of building design, materials, layout, structure, form and colour, landscape
works (both on site and off site) and local landscape character. For a rural site, the
approach to the design of the surface facilities would probably be different from that for a
site on the edge of an urban development. To reduce and minimise any adverse effects of
the surface facilities on landscape character and visual amenity, options that could be
considered are:

e minimising the height of buildings and surface structures

e using material from site clearance and excavated spoil to both screen the surface
facilities and integrate the site with the local topography
The spoil quantities and spoil management process resulting from site clearance and the
underground construction activities will be considered during the design of site screening
bunds. The rate and quantity of the spoil produced will determine the quantity of materials
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available on site for bund construction. A much lower proportion of the construction spoil
arising from the evaporite rock design would be retained on site, as the evaporite rock itself
would not be suitable for planting and would degrade in the presence of water. In this
scenario, the screening bunds would be constructed using materials from site clearance
and from the shaft excavations in the soils and rocks covering the evaporite formation. If
further screening measures are required, then trees or fencing may be utilised.

In the current illustrative designs for a higher strength rock and lower strength sedimentary
rock environment, bund capacity provides the maximum volume of surface storage for
excavated spoil within the assumed surface footprint, taking into account the likely effect of
the bunds themselves on landscape character and visual amenity (largely in terms of their
assumed height). The regular plan and profile of the bunds in the illustrative designs
highlights their artificial, engineered nature. In reality, the bunds will be designed, as far as
possible, to “fit in” with the local topography and landscape character.

At this stage, it is assumed that the surface facilities will be located directly above the
underground disposal facility, but it is recognised that surface facilities could be in a
different location to the underground site and linked by access drifts or shafts and service
tunnels. Dependent upon site-specific factors, a lateral separation distance of the order of
up to 10km between the surface facilities and the underground vaults could be feasible,
based on an underground facility located at a depth of 1,000m [2]. In such a scenario there
may be a need for some surface facilities to be located directly above the underground
facility, perhaps separated from the main surface site by several kilometres.

34 Flora and fauna

The construction and operation of a disposal facility and its associated transport
infrastructure has the potential to affect local wildlife, both directly within the footprint of
surface works and indirectly through disturbance and possible effects on ecosystem
function. Adverse effects on biodiversity will be minimised and, where possible, access to
nature will be improved. Effects on ecology and biodiversity are site-specific, but the
principles remain the same. Planning for changes to the transport infrastructure, and/or
surface or sub-surface facilities will be undertaken on a timescale that allows changes to be
implemented prior to any need for significant movement of materials associated with the
change from or to the site of the GDF.

Advanced planning and ecological assessment will be used to ensure that works on-site
have as little adverse effect on local wildlife as possible. To this effect, monitoring will be
implemented well in advance of construction and consideration will be given during design
development to maximising opportunities to maintain and enhance local biodiversity
through appropriate habitat creation and management.

3.5 Drainage and groundwater management

The surface water drainage system will be designed in accordance with good practice at
the time of construction, with due consideration for topography and local drainage regime.
Potential for an increase in the frequency of extreme weather events and for changes in
average annual rainfall will be taken into account when designing the surface water
drainage system.

To reduce flood risk and adverse effects on water quality, good working practices will be
followed throughout all stages of construction and operation. These measures could
include capturing rain water from roof areas and the use of sustainable drainage systems,
use of vegetated building roofs and rainwater harvesting to attenuate storm water flows and
reduce run off quantity from site, minimising flood risk. Surface water drainage and waste
water from surface buildings and effluent from underground will be collected and handled
separately.
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Design development will take into account the protection of groundwater resources and the
potential effects on any groundwater abstractions. This may, for example, involve
appropriate treatment of surface site drainage before discharge to soakaways and
minimising the area of impermeable surfacing to allow local groundwater recharge.

Regular sampling and analysis will be undertaken to ensure that the water quality meets
the required standards before discharge; surface water and waste water will be collected
and sampled separately. Treated effluent will be discharged from the site to a suitable
drainage network or local watercourse, under permit from the environmental regulator.
Assessments of the impacts on groundwater during the operational and post-closure
phases are described in more detail in [25 and 26].

3.6 Water supply

A potable water supply will be provided to the GDF to cater for every day needs but it also
anticipated that grey water will be used in parts of the facility. The demand for water is
likely to be at its highest during backfilling and closure. The quantity of water required will
be determined as the design develops and more specific information is gathered.

3.7 Ground vibration

Blast parameters associated with use of explosives for underground excavations will be
designed to minimise damage to the geological environment using appropriate charge
densities and detonator sequencing. Surface ground vibration controls from underground
blasting at the depths assumed for facility construction will be designed to ensure
significant environmental effects are not created.

3.8 Noise

Where possible, surface operations will only be undertaken during the day to reduce
nuisance noise. However, there are areas that will need to run 24 hours a day such as
winding of construction materials from underground areas to the surface. Where
practicable, plant systems will be selected which generate minimum noise levels, and noisy
plant and equipment will be enclosed in buildings, which could, if necessary, be fitted with
acoustic panels. Early consideration of the phasing of spoil generation and minimising the
need for off-site transport will be essential in minimising adverse noise effects on the local
transport network.

3.9 Light

Particular care will be taken in the specification and siting of all surface lighting in order to
minimise light pollution outside of the site without compromising safety and security. A
screening bund around the site could be designed to help to minimise light pollution.

3.10 Air quality

Construction and operation of the GDF and associated transport infrastructure is unlikely to
result in any breach of UK Air Quality Objectives [41]. Local air quality may be affected by
dust generation and by exhaust emissions from both traffic movements and static plant.
Adverse effects will be minimised by ensuring appropriate management systems and
controls are implemented during construction and operation. This will include any exhaust
from construction plant or stand-by generators etc which will be selected and properly
maintained to ensure minimal pollutant emissions; rail is assumed to be the primary means
of transporting bulk materials to and from site as it will reduce exhaust emissions from road
haulage.
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The main point of release for aerial discharges from the underground facilities will be
through the ventilation system and out via discharge stacks. The ventilation system will be
designed to protect both workers and the public by filtering out contaminants before they
reach the surface, such that any releases to the atmosphere are below regulatory limits.

Potential odour problems from water treatment plant and any composting facilities will be
taken into account in designing the surface layout and in the detailed design of such
facilities.

3.11 Sustainable design

Sustainable design is essential to help avoid or minimise long-term damage to the natural
environment, to make the most of opportunities for environmental improvement, and to
support the social and economic fabric of a host community. RWM has developed and
published a number of sustainable design objectives [40] under the following themes:

e embodied impact

e energy efficiency

e durability

e waste management

e renewable resources

e environmental protection

e healthy buildings

e social equity

RWM has developed an approach to addressing these objectives that suggests when each
objective should be addressed and aligns them with appropriate design stages. In most
cases the objectives can only be addressed effectively during later, more detailed stages of
the design process. However, the issue of embodied impact can be addressed during
early illustrative design work, at least for bulk construction materials, and may influence
early decisions on design approaches for key elements of both the underground and
surface facilities.
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4 Construction

4.1 Initial construction phase

The initial construction phase of the GDF will include the establishment of underground
access and the facility will be constructed and commissioned to the point where it can
accept the first LHGW.

On commencement of the construction phase, sufficient infrastructure comprising the basic
surface facilities will be constructed to enable underground excavation to commence
including all necessary security provisions. The first buildings will be the shaft winder
houses, spoil bunker, spoil removal infrastructure and associated offices, workshops and
stores to enable the shafts and drift construction to commence. In the case of the
evaporite rock design, a fourth shaft for waste emplacement will be constructed in place of
the drift. Depending on the method of shaft sinking, some of the shaft infrastructure may
be temporary initially and subsequently replaced by permanent structures after shaft
sinking is completed. Work on all four underground access routes will be undertaken
concurrently. The construction intake shaft will be the first to be completed, followed soon
thereafter by the construction return shaft. This will allow the construction ventilation circuit
to be initiated. The emplacement return shaft will be the next access route to be
completed, with the emplacement intake drift or shaft being finished last. This will complete
the emplacement ventilation circuit. In the case of the drift in higher strength and lower
strength sedimentary rock designs, this will be constructed from surface and from
underground.

Data gathered during the site investigation phase, such as shaft centre line boreholes,
boreholes drilled along the line of the drift, if a drift is proposed, and other deep boreholes
drilled to the facility horizon will all be used for an initial preliminary assessment for the
underground design. As the shafts and drift are excavated information on the local
geological environment will be logged and geotechnical logging undertaken. Drilling in
advance of the heading will provide additional information regarding the geological
environment and rock mass characteristics that will be encountered. This advanced drilling
will allow support requirements to be identified and materials made available for use. It will
also provide information on the groundwater conditions and rock mass characteristics that
could be encountered. This will also allow, if required, grouting of the strata to aid
groundwater management and improve rock mass characteristics.

Tunnels driven at the facility horizon will be subject to the same procedures as those for
excavation and construction of the access routes allowing decisions to be made regarding
support, groundwater management and the suitability of strata for the construction of vital
structures such as inlet cell, disposal vault or disposal tunnel.

During access route construction, spoil from each individual access route will be brought to
the surface and placed in screening bunds, with the exception of the evaporite rock design,
where spoil from the evaporite horizon would be removed from site. Once the access
routes and initial service tunnels are complete, all spoil will be brought to the surface via
the construction return shaft.

General infrastructure, including the road and rail access onto site, rail sidings, electricity,
water and other services will be constructed in parallel with underground access. If
required at this stage, a visitor’s centre could also be constructed on the surface. An initial
screening bund for the sidings will also be constructed at this time from the surface strip
and excavated spoil.

lllustrative volumes of excavated spoil and quantities of construction materials are provided
in Appendix D to support environmental and safety assessments.
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Following commencement of underground construction via the shafts and drift, the
remaining surface facilities will be constructed, including the LHGW waste receipt and
handling facilities and associated infrastructure, including the management centre,
workshops and stores.

Figure 5 shows the conceptual layout of the surface facilities at the time of first waste
emplacement for the higher strength rock design. The figure shows the assumed layout of
the GDF including the majority of the construction and administration buildings, with the
operational buildings for LHGW packages. A small number of additional buildings and
associated infrastructure to enable receipt of HHGW packages and subsequent transfer
underground will be constructed prior to 2075.

Figure 5 Surface facilities (higher strength rock) at time of first waste
emplacement (circa 2040).
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For the underground facilities, the construction will commence with the initial underground
access roadways and drift extension, the UILW inlet cell, disposal support facilities and
LHGW disposal vaults; one vault be made ready for emplacement, one undergoing fit-
out/commissioning and another undergoing construction and other necessary support
facilities for vault operations. This will allow the commencement of waste disposal, with
further construction of the remaining vaults taking place on an as-required basis. During
initial underground construction, underground evacuation and self-supporting safe havens
will be considered. Alternative means of egress will be planned in case of emergencies.
The layout of the underground facilities at the time of first waste emplacement in a higher
strength rock is shown in Figure 6.
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Figure 6 Underground facilities (higher strength rock) at time of first waste
emplacement (circa 2040).
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For the lower strength sedimentary rock and evaporite rock designs, a similar amount of
underground infrastructure and number of vaults would be constructed to enable first waste
emplacement.

Following construction of the facilities and prior to commencement of operations, there will
be a period of commissioning. The surface facilities will be commissioned on a building by
building basis as and when they are complete. The surface infrastructure will require
commissioning to enable and support the below ground access emplacement and
construction activities.

Those facilities required for waste acceptance handling and transfer will be commissioned
in the same manner as the other surface facilities and the underground access methods.

The underground facilities will require the most complex commissioning due to the utilities,
infrastructure, waste package handling, operational systems and equipment required for
emplacement of the waste packages. Once all the individual facilities have been
commissioned there will be periods of pre, inactive and active commissioning of the whole
system prior to approval been given for operations to commence. Similar requirements will
be required as each new underground facility is constructed prior to its operation.

4.1.1 Underground ventilation

The purpose of the underground ventilation systems will be to provide adequate ventilation
for both construction and waste emplacement activities throughout the life of the facility.
The standards used for the design of the ventilation system must necessarily be a
combination of good practice in the nuclear, mining and tunnelling industries.

Segregation of the construction and waste emplacement ventilation circuits will be an
important feature of the design. It ensures that, in the event of an accident, any airborne
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contamination from the waste emplacement areas will not be drawn into the construction
areas, and that dust and fumes generated by the blasting and excavation work will not be
drawn into the emplacement areas where they could affect operational equipment and
personnel.

4.2 Concurrent construction and operation

The illustrative underground layouts have been configured to limit the amount of
construction work required up to first waste emplacement. This approach will allow the
disposal facility to be developed using continuously improving systems and equipment over
time.

The underground infrastructure and support facilities have been designed to allow the
disposal of waste to take place at the same time as ongoing construction, by providing
segregation between these activities. This will be facilitated by utilising airlocks and seals
between different zones and areas underground and by the provision of independent
ventilation circuits.

It is currently assumed that the HHGW waste receipt and handling facilities will be
constructed at a later date allowing sufficient time for commissioning prior to waste
acceptance at the facility. Provision will be made in the surface design for this facility to be
constructed without interfering with ongoing LHGW emplacement activities. No additional
rail sidings will be necessary, as the throughputs of HHGW will be significantly lower than
LHGW.

The LHGW vaults will be constructed in modules, ie banks of vaults. This will offer the
advantages of repeatability while also providing a degree of flexibility in positioning and
orientation to account for variations in geological environment and geotechnical
characteristics. Strict control will be maintained on the levels of excavation damage
caused to the surrounding rock by controlling the blast design (where applicable) and by
careful management of the excavation operations.

To support these construction principles, a blasting study has been undertaken [42] to
assess the vibration and air overpressure effects from blasting operations in a higher
strength rock. The study assessed the vibration and air pressure in disposal vaults at
distances of 50m and 100m from blast operations, which correspond to the distances for
disposal vaults undergoing fit-out and emplacement operations adopted in the higher
strength rock illustrative design. The sequence of UILW vault construction and disposal will
mean that there will be at least one constructed but non-operational vault separating these
activities. This separation, by pillars of rock coupled with the design of blast patterns,
where required, will be sufficient to ensure that blast vibration will not affect the waste
emplacement operations.

The blasting study concludes that by application of controlled blasting (such as electronic
delay detonation) and implementation of a vibration control and monitoring strategy,
blasting operations can be safely carried out whilst safeguarding disposal vaults
undergoing fit-out, waste emplacement operations and previously emplaced disposal
vaults.

It is recognised that alternative construction techniques to drill and blast, such as tunnel
boring machines or roadheaders, could be used for construction in higher strength rock. In
lower strength sedimentary and evaporite host rocks, it is envisaged the majority of
excavation could be carried out by mechanical excavation techniques using roadheaders or
continuous mining machines. Such construction techniques have much lower impact in
terms of vibration than drill and blast methods.

After a period of operation, disposing of LHGW, the disposal facility will be further
developed to the point where it can accept HHGW, as shown in Figure 7, below. The
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underground areas for HHGW disposal will be physically segregated from the ongoing
LHGW disposal operations. However, these construction and disposal activities will be
supported by the same shafts and drift access provided for LHGW operations. This will
allow the commencement of waste disposal, with further construction of the remaining
tunnels taking place on an as-required basis.

The extent of any excavation disturbed zone (EDZ) around an excavation will depend on a
number of factors, including hydrogeological and mechanical properties of the strata, the
state of the in-situ stress, the size and geometry of the opening and the excavation method.

Ground movement around an excavation can be controlled by the application of
appropriate rock support, excavation dimensions and extraction ratios determined prior to
excavation and then refined through ongoing geotechnical mapping and testing.

The development of the EDZ will also be dependent on the timing and rigidity of the
support emplacement. The inclusion of early, rigid support (precast concrete or cast in-situ
linings) will result in a restriction of EDZ development, provided the support remains stable.
More-efficient support may be offered by using a less-rigid support (for instance, shotcrete
and rock bolts) followed by a supplementary support installed sometime later, although this
will not be achievable in certain areas of the facility, for example, an operational or fully
completed UILW vault.

Mechanical excavation methods impart less damage to the surrounding rock, ie the EDZ
than drill and blast. However, the EDZ can be minimised by careful design of blast drill-
hole patterns and use of blast initiation delays (smooth-wall or pre-split blasting methods
and by the use of electronic detonation systems).

These are site-specific issues, and will be addressed in more detail at a later stage in the
design process.
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Figure 7 lllustrative underground layout at time of first HHGW waste
emplacement (approx. 2075) in a higher strength rock
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4.3 Excavation profiles and rock support

Developing illustrative designs allows a representation of typical excavation, rock support,
and designs of disposal vaults or tunnels in a particular host rock. The excavation profiles
for the underground configuration of the GDF (disposal vaults, disposal tunnels, service
tunnels etc.) are detailed in the following sections. These profiles are based on the
concepts for similar rock types as described in Section 2.1 of this report.

Excavation profiles and dimensions will be determined based on the prevailing
geotechnical characteristics of the host rock and the in-situ stress regime, and will be
sufficient to provide adequate long-term stability for the duration of the construction,
operation and closure phases.

Excavation profiles and design of rock support systems have been taken from sister waste
management organisations and international precedent in mining and tunnelling and
tailored to the waste package types in the UK Inventory and are summarised in the Design
Assessment for Geological Repositories report [20]. The excavation profiles have been
reviewed and rock pillar spacing has been calculated for each geological environment and
these are detailed in the design enhancements report [48].

The long-term stability of excavations is an important consideration, bearing in mind the
currently assumed operating period of the facility; some features including the shaft, drifts,
and common services area will be required to be stable and serviceable for up to 160
years. Excavation support, maintenance and associated monitoring considering this
extended operating period will be a key area for future design activities to ensure this can
be achieved.
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A system of ground monitoring will be established to enable decisions to be made
regarding the need for maintenance to the excavations as required. The excavation design
will be undertaken in such a manner to ensure, as far as is reasonably practicable, that the
excavations require little or no maintenance.

It is assumed that access to the facility excavations for inspection and maintenance will be
available in all but the remotely operated areas, which could be inspected using remote
means. Maintenance requirements of the support systems will vary with the rock types, but
more reliance will be placed on the support systems rather than the rock itself as rock
strength reduces and/or depth increases.

The excavation profiles are described in the following sections and all dimensions shown
are as excavated. Rock support in the form of rockbolts and shotcrete are also indicated.

4.3.1 Higher strength rock

All vertical access shafts in higher strength rock would have a finished internal diameter of
8.0m and would be excavated using well established technology. Permanent shaft support
would be provided by a mechanical lining (concrete) and hydrostatic lining installed where
necessary to prevent the ingress of water and ensure safety. The drift would be 5.5m in
diameter for 1.8km (300m depth of overlying sediments) through the hydrostatically lined
section and then ‘D’ shaped (5.5m high by 5.0m wide) to the facility horizon.

General underground tunnel support is assumed to be by rock bolt, mesh and shotcrete.
Rockbolts are currently assumed to be 2.5m long and located at 2.5m intervals,
corresponding to a coverage of 20% of the excavation surface area (excluding floor). Mesh
and shotcrete will be 200mm thick in disposal vaults and 50mm in other excavations.

The underground excavations would be of varying cross-sections, and generally be ‘D’
shaped. The excavation cross-sections and profiles of the disposal vaults and tunnels are
shown in Figure 8 and all excavation profiles in a higher strength rock are shown on
Drawing E/DRG/0041038.

Figure 8 Excavation profiles for higher strength rock
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4.3.2 Lower strength sedimentary rock

All vertical access shafts would be constructed in a similar manner to higher strength host
rock, described above. The drift would be 5.5m in diameter for its full length to the facility
horizon, with a hydrostatic lining in the top 1.8km (300m depth).

Tunnel support would be by rock bolt, mesh and shotcrete. The use of concrete segmental
linings or in-situ concrete linings has not been discounted for use in supporting some of the
facilities. Rockbolts are currently assumed to be 3m long and located on a grid pattern in
the crown and walls at 2m intervals, except in the disposal tunnels where 1.5m long
rockbolts will be installed at 1.5m intervals. This corresponds to a coverage of 40% of the
excavation surface area (excluding floor). Mesh reinforced shotcrete is assumed to be
300mm thick in all underground excavations.

The underground excavations would be of varying cross-sections, and a mix of elliptical
and circular profiles would be used. The excavation cross-sections and profiles of the
disposal vaults and tunnels are shown in Figure 9 and all excavation profiles in a lower
strength sedimentary rock (based on the Nagra concept) are shown on Drawing
E/DRG/0041088.
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Figure 9 Excavation profiles for lower strength sedimentary rock
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4.3.3 Evaporite rock

All vertical access shafts would have a finished diameter of 8.0m, with the exception of the
Emplacement Air Intake shaft, which would be 9m to accommodate the transfer
underground of waste packages. Permanent shaft support would be provided by a
mechanical lining (concrete) and hydrostatic linings installed where necessary to prevent
the ingress of water and ensure safety. The bottom section of the shafts would have a
concrete lining to give long-term integrity with minimal maintenance. Conventionally,
excavation in evaporite rocks is carried out either by drill and blast or mechanical,
roadheader or continuous mining machines. Many mining applications in bedded evaporite
deposits utilise continuous miners, which are well suited to forming wide but relatively low
(3.0-6.0m high) excavations.

Tunnel support would be by rock bolt and mesh. Rockbolts are currently assumed to be 3m
long and located at 1.5m intervals. This corresponds to a coverage of 50% of the
excavation surface area (excluding floor). Shotcrete will not be used in evaporite rock.

The underground excavations proposed would be of varying cross-sections, but would
generally be rectangular in shape. The excavation cross-sections and profiles of the
disposal vaults and tunnels are shown on Figure 10 and all excavation profiles are shown
on Drawing E/DRG/0041138.
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Figure 10 Excavation profiles for evaporite rock
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Evaporite rocks and some sedimentary rocks are prone to time-dependent deformation,
known as ‘creep’. The creep rates in evaporite rock would govern the length of time an
excavation would remain open for disposal without the need for refurbishment. The rate of
closure of the excavations would vary with depth, type of deposit and excavation profile
and amount of ground support installed. The creep rate could be extremely low, typically of
the order of a few millimetres per year, and in such situations the excavations could remain
viable for many years with little or no maintenance. As creep rates increase, then
excavations would need to be maintained by scaling of the walls of the excavation and
where appropriate, the re-installation of supports. Creep rates in evaporite deposits are
known to increase with increased temperature. In disposal areas, where the temperature
rises due to the waste emplaced, this is likely to accelerate creep rates which will close up
the disposal vaults and tunnels more rapidly.

While it would be possible to undertake maintenance work in some accessible areas of the
facility, remotely operated areas will require remote maintenance, where feasible or would

require the removal of waste packages to allow maintenance to occur. For this illustrative

design, disposal vault and tunnel dimensions are considered to be suitable to allow waste

disposal within the life span of the excavations with minimal maintenance.

Monitoring of strata movement and assessment of the prevailing creep rate would be
undertaken once excavations are made at the depth of the disposal facility. This data
would assist in ensuring that appropriately sized vaults and tunnels would be excavated to
provide longevity of excavations with minimum maintenance. This is of particular
importance given the long operational period of the facility of up to 160 years.

4.4 Groundwater management during construction

Prior to the design of underground facilities and supporting services, such as drainage and
ventilation, detailed hydrogeological characterisation of the host rock will be required. Even
if the host rocks have low permeability, access must be constructed through overlying
sediments which could include permeable formations or fracture-dominated rock. Design
and operational procedures for construction of both tunnels and shafts will be based on
detailed data provided by exploratory boreholes in order to tailor counter-measures
(grouting, freezing, lining, etc.) to local conditions. Figure 11 shows a potential method for
construction of an service tunnel using probe drilling. Drilling ahead of the excavation
could be used to employ grouting or ground freezing in order to control groundwater. This
would aim to ensure safety during construction, minimise risks of any accidental inflow
during the long operational period and reduce any impacts on the local hydrogeochemical
environment.
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Figure 11 Construction of service tunnel
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In terms of reducing accidental inflow, the design will take into consideration the location of
all boreholes drilled for site characterisation. Boreholes will be plugged and sealed before
construction, to ensure they do not act as preferential pathways in accordance with best
current practice during normal exploration and characterisation works. It is recognised that
some of the boreholes, those that do not compromise safety for the underground
environment, will remain open to allow continuous monitoring, if required. For evaporite
rock rigorous assurance of achieving negligible inflow is critical as lower salinity waters can
cause rock dissolution leading to potentially major perturbations. This needs to be
considered even during the exploration phase to account for the possibility of boreholes
being drilled through bedded salt into underlying formations (which could contain artesian
aquifers in some settings).

Higher strength and lower strength sedimentary rocks suitable as host rocks would have
low fluxes of groundwater under natural conditions, but flows into open excavations at
depths of 500m or more could be significant due to a high hydraulic gradient. Design of
engineering countermeasures needs to consider maximum potential inflows that may be
encountered — which are likely to be associated with specific structures (faults, fractures,
sand channels, etc.). Depending on their frequency, either local (eg grouting) or general
(high performance liners) solutions would be implemented. Even then some small scale
groundwater penetration into underground openings is likely, especially when these will be
open for decades. This would be managed by appropriate drainage infrastructure plus a
monitoring programme to detect any deterioration in hydraulic sealing and allow early
remediation.

In some cases, disturbance zones may need to be traversed, which could have high
transmissivity. In case this is necessary, appropriate technology for groundwater control
would be applied.

Even in an evaporite formation it cannot be precluded that brine pockets would not be
encountered during excavation or that brine seepages would occur during operation. The
potential for these would be determined during site characterisation and again appropriate
ventilation, drainage or sealing measures implemented.
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5 Waste Transport, Receipt and Transfer

The surface operations and infrastructure currently cater for receipt of waste packages at
the surface and their transfer to the drift (or shaft) for transport underground. These
operations are described in the following sub-sections. RWM recognise that the detailed
design and configuration of the surface facilities will be developed as the project advances
and will need to include consideration of alternative systems at appropriate stages of
development so that an optimised system can be developed.

The surface site boundary fence will not encompass the entire footprint of the underground
workings. The land above the GDF could be subject to constraints on its use (both before
and after GDF closure), but these, and any required markings to indicate the extent of the

underground footprint will be developed at the detailed design stage.

5.1 Waste transport

The transport system considers the use of rail, road and sea, with a preference for the use
of rail transport where possible. The surface facilities will be configured to handle package
arrivals by these modes. The use of sea transport has been allowed for and will be site
location dependent.

The transport systems described in the GTSD report would be sufficient to enable transport
of the waste packages to the disposal facility in order to meet the anticipated rate of waste
arisings and the currently assumed emplacement rate profile for the GDF (Section 8.2). All
transport packages, whether arriving by road or rail, would be transported to the site on
appropriately covered vehicles. The sections below describe the transport of waste
packages within the GDF site, following arrival at the site entrances.

A schematic arrangement of surface facilities is shown on Drawing Number
E/DRG/004023. It is currently assumed that the surface facilities cover approximately
1.5km? however the layout of the surface facilities will be tailored to the site/or sites, once
they have been identified.

5.1.1 Rail transport

The capacity of the rail receipt system has been designed with sufficient redundancy to
accommodate all transport packages arriving by rail in consignments, if required.

On-site rail sidings have been provided to enable trains carrying LHGW to be separated
into smaller numbers of wagons which will be marshalled ready for shunting to the LHGW
waste package receipt and transfer facility for onward transfer to the drift (or shaft in the
evaporite design). On-site rail arrival sidings will be provided to enable these operations to
be carried out safely and effectively.

For the illustrative designs, the arrival sidings have been designed to meet the following
requirements:

e to accommodate a main-line train, currently assumed to consist of up to 12 wagons

¢ to handle the expected peak daily arrival rate of approximately 10 waste packages
per day

¢ In conjunction with the dispatch sidings, to act as temporary short-term storage so
that in the event of unplanned interruption to the disposal operations (assumed to be
a maximum of 1 week in duration) all transport packages already in transit could
complete their journey to the facility. In that event, further dispatches from waste
producers’ sites would be postponed until the backlog is cleared.
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e DCTCs will not be stored in the sidings but placed into the HHGW waste transfer
building temporary storage area

e in conjunction with the arrival sidings, the dispatch sidings provide sufficient storage
for the entire facility fleet of rail wagons and sufficient space to marshal these
wagons

These requirements for the arrival sidings will be met by four straight and parallel tracks,
each 240m long, giving a capacity of 48 wagons.

For the illustrative designs, the dispatch sidings have been designed to:

e permit the shunting of wagons carrying empty SWTCs and DCTCs, into trains of up
to 12 wagons in length, prior to delivery to the main-line sidings for collection by a
main-line locomotive

¢ handle the expected peak daily dispatch rate
¢ in conjunction with the arrival sidings, provide the storage capacity stated above

These requirements for the dispatch sidings will be met by a further four straight and
parallel tracks, each 240m long, giving an overall site capacity of 96 wagons.

By making the layout of the arrivals and dispatch sidings the same and by grouping them
together on the site, a degree of operational flexibility will be provided.

5.1.2 Road transport

The current planning assumption for the illustrative designs is based on an average rate of
approximately two road vehicles carrying transport packages arriving per day.

A lay-by will be provided at the site entrance to permit up to two heavy goods vehicles
(HGVs) to park at any time while documentation is being checked at the security centre
gatehouse. A turning area will be provided outside the security centre to turn back
unauthorised vehicles, before they enter the site.

Within the site, a parking area will be provided for up to 24 HGV trailers, to accommodate
both arrivals and dispatches. On-site electric tractor units will be used to collect the trailers
from the parking area and transfer them to the waste package transfer facility.

To reach the waste package transfer facility the on-site tractor unit, once it has collected
the trailer with transport package, will need to pass through a further security gatehouse.
This will be on a just-in-time basis meaning the majority of transport packages will be
delivered immediately to the waste package transfer facility, for transfer underground.
However, a small number of parking spaces will be provided adjacent to the facility for
temporary storage of transport packages.

HGVs departing to a waste producer’s site will, if possible, be loaded with an empty
reusable transport container at the waste package transfer facility, depending on the
scheduled requirements of the waste producer. No special facilities will be provided, other
than an area for departing vehicles to wait while dispatch documentation is being checked
at the transport management centre.

5.2 Waste receipt and transfer
5.2.1 Transport package receipt and transfer facilities

The process will begin with the road or rail transportation of the waste packages from the
waste-packaging and interim storage sites to the GDF. A system for checking, monitoring
and verifying the contents of each waste package will be carried out by the consignor
before leaving the waste producer’s site.
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To eliminate the hazards associated with unauthorised trains inadvertently entering the
designated nuclear-licensed site boundary area, it is currently proposed that two off-site rail
sidings parallel to the main line will be provided to receive the consignments of rail wagons
carrying transport packages. The rail wagons will be met at the off-site rail siding and
transferred onto site by a dedicated shunting engine. To reduce the potential
consequences of an impact incident, its speed will be restricted. Empty wagons carrying
reusable transport containers will be transferred to the off-site rail siding for return to the
main-line sidings.

Upon arrival of the train the consignment documentation will first be checked and
processed at the gatehouse and transport management centre before the transport
packages are allowed on site. The shunter will then transfer the wagons to the on-site rail
sidings, which form a temporary holding area. The shunter will transfer individual wagons
as required to either of the waste package transfer facilities for onward transfer
underground on a just-in-time basis.

Road arrivals will be directed through the security centre gatehouse, where documentation
will be checked. Unauthorised vehicles will be turned around before entering the site. The
trailers will be parked in a secure parking area within the site boundary. An on-site electric
tractor unit will collect the trailer with transport package and will pass through a further
security gatehouse to transfer it to the waste package transfer facility for onward transfer
underground.

The primary facilities for transferring transport packages from road or rail arrivals to the
underground transport system will be grouped together (Figure 12). The LHGW receipt
and dispatch facilities will be capable of handling transport packages arriving by any
combination of rail and road. The HHGW receipt and dispatch facilities are currently
designed for handling transport packages arriving by rail only. It is currently assumed that
these facilities will be modified (as necessary) at a later date to accommodate arrivals of Pu
and HEU in the HHGW facility.

Figure 12 Low heat generating waste receipt, transfer and dispatch facilities

0345-02-\Dpges *‘

The LHGW package transfer facility will allow the unloading of rail and road vehicles. If
necessary, manual decontamination of the transport package and or road vehicle will be
undertaken. Once accepted, the transport package will be released from the trailer and
transferred within the same building to a drift wagon using an overhead travelling crane
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(safe working load, SWL, 80t). Throughout the facility, lift heights will be minimised and
package movement rates controlled. The layout of this and other facilities will seek to
restrict the ability to lift transport packages over one another, to avoid the possibility of
collisions and one or more packages becoming damaged due to dropped loads.

As well as having fail-to-safe systems, the crane will incorporate a retrieval system so that
in the event of a total electrical failure it could be mechanically operated to safely lower the
transport package to floor level.

LHGW transport packages arriving by rail will be handled in a similar way. The main-line
rail wagon will be shunted into one of two bays, where the cover will be removed to permit
monitoring and inspection. There will be provision for manual decontamination of the
transport package and or rail wagon if necessary. Normal procedures will then be a direct
transfer by overhead travelling crane from the main-line wagon to the drift wagon.

In the unlikely event of damage to a transport package or any other non-conformance, it
may be undesirable or not possible to return the package to the consignor. In such
instances there would be a facility to transfer non-conforming transport packages to the
shielded transport container maintenance facility for further rectification work. Very simple
repairs could be undertaken in the temporary set-down area.

HHGW transport packages arriving by rail will be handled in a similar way to the LHGW
packages but in a separate adjacent facility (Figure 13). Main-line rail wagons will be
shunted into one of three bays, each of which will accommodate two rail wagons. This will
enable a week’s worth of deliveries to be temporarily stored within the facility, based on an
arrival rate of 200 packages per year. The covers will be removed to permit monitoring and
inspection. There will be provision for manual decontamination of the transport package
and/or rail wagon if necessary. Normal procedures will then involve direct transfer by
overhead travelling crane from the main-line wagon to the drift wagon (or shaft transfer
system in the evaporite rock illustrative design). Two pairs of trunnions are attached to the
DCTC body. Each trunnion sits within a recess in the cast steel cylinder and is connected
to the body by bolts. All four trunnions will be used as tie down points during
transportation. The pair of trunnions at the top end of the container can also be used as
lifting points. The pair of trunnions at the bottom end of the container can be used as
pivots on the transport frame when rotating the container from a vertical orientation to a
horizontal orientation and vice versa. This will be done during installation onto the
transport frame in preparation for transport and vice versa during removal of the transport
frame on completion of a transport operation.
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Figure 13 High heat generating waste receipt, transfer and dispatch — surface
facilities

Empty reusable transport containers will be returned to the surface and into the relevant
transfer facility for routine contamination monitoring prior to dispatch. Six testing stations
will be provided in the LHGW transfer facility, and a single test station will be provided in
the HHGW transfer facility. These will be provided with facilities to allow rectification of
containers failing the tests.

Following clearance for re-use, empty ILW transport containers will normally be stored
either in the small temporary storage area adjacent to the testing stations or they will be
transferred to the main covered store for transport containers, adjacent to the transport
container maintenance facility.

DCTCs cleared for re-use will normally be stored in the transfer facility, in a temporary
storage area adjacent to the test facility.

Empty road trailers or rail wagons will remain in the reception bay of the relevant package
transfer building, awaiting loading with an empty reusable transport container by the
overhead travelling crane from the temporary storage area. The trailer or rail wagon will
then be transferred as described previously.

The disposal routes for radioactive wastes at the GDF are detailed on the flow diagrams
included in the Drawings section of this report.

5.2.2 Transport container maintenance and storage facilities

It is currently assumed that there will be separate maintenance and storage facilities for the
LHGW and HHGW transport containers.

When an LHGW transport container (for example, the SWTC) requires more extensive
maintenance than minor turn-round inspection, a bogie will transfer it from the transport
package transfer facility to the transport container maintenance and storage facility. In the
case of a DCTC for HHGW, the transport container will be delivered to the HHGW transport
container maintenance area which is a segregated area within the HHGW waste package
transfer facility.

The maintenance and storage facilities will enable:
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e repair of containers that had failed the turn-round inspection in the transport
package transfer facility

e scheduled annual inspection and maintenance of all containers

e scheduled periodic inspection and maintenance of all containers (more extensive
than annual maintenance)

e recovery and rectification of non-conforming transport containers and/or waste
packages, as described earlier

Every transport container entering the maintenance facility will pass through an inspection
and monitoring area and then into an interlocked containment booth for opening and, if
necessary, decontamination.

The containment booth will contain a shielded and filtered cell with purpose-designed
remote handling equipment for opening transport containers and removing any waste
package(s), even under difficult circumstances involving damaged or other non-compliant
items. The remainder of the containment booth will be unshielded, but equipped for
decontamination operations, and will be large enough to accommodate a transport
container and its lid in separate lay-down areas.

Even for routine scheduled maintenance, the following operations will be carried out
remotely until it had been confirmed that the container was empty and has no major
internal contamination:

e lid removal

e transfer of the lid and container body from the shielded cell to other parts of the
containment booth for decontamination

e any decontamination removal found to be necessary

o transfer of decontaminated items out of the containment booth to other parts of the
maintenance facility for further treatment

The maintenance facility will provide the capability for all scheduled maintenance and
limited mechanical repairs of the transport container. Other areas will include the lifting
equipment store, the pressure testing station, the leak testing station and facilities for
checking the dimensional tolerances of repaired containers.

In addition, this facility will be able to receive any transport packages that might fail
acceptance tests, and will have the equipment to take the necessary remedial actions.

The main covered storage area for reusable transport containers will be adjacent to the
maintenance facility.
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6 Surface Support Facilities and Infrastructure

6.1  Construction support facilities

There will be a number of facilities located on the GDF surface site to support the ongoing
underground construction activities. The primary construction support facilities are
described in the following sub-sections, however this is not intended to be an exhaustive
list of all facilities and the need for some of these facilities will be dependent upon the
geological environment of the site. In addition, there will be a requirement for a number of
other buildings such as a laboratory and a drilling core store.

6.1.1 Rock crushing facility

The rock-crushing facility will be divided into two sections: an excavated rock store that will
contain a supply of suitable rock ready for crushing that has previously been removed from
the disposal facility and the crushing plant. Rock from the surface stockpiles will be moved
to the rock store in the rock-crushing facility. A mechanical front-end loader would place
this rock in a hopper that feeds the rock-crushing facility. Multiple crushing processes will
be required to get the required size fractions. The crushed rock will then be fed into the
holding silos in the buffer materials handling plant, to be incorporated as backfill directly
(evaporite) or blended with bentonite (for the higher strength rock illustrative design).

Surplus rock spoil, not used for backfill or able to be accommodated within the surface
screening bunds, will be taken via a conveyor from the rock-crushing facility through to the
rail system to be taken off site.

6.1.2 Surface stockpile for excavated rock

With the exception of the illustrative design in an evaporite rock, it is assumed that at least
some of the rock excavated from the underground workings will be retained on site by the
creation of a screening bund around the site of the works, although this will depend upon
the nature of the host rock. The bund will be progressively constructed and landscaped
throughout the lifetime of the GDF. A screening bund might be formed between the
perimeter fence and the rail receipt sidings at an early stage of construction and before
commencement of disposal operations. This would provide isolation and visual screening
of transport packages in the rail sidings during GDF operations.

Although rock excavated from the underground development of roadways, vaults, disposal
tunnels, etc., could be brought up the construction return shaft at any time, it is assumed
that the surface operation to place the rock in the perimeter screening bund will be
constrained to daytime hours. Therefore, in order to allow rock to be removed from
underground as expeditiously as possible, a stockpile will be required at the surface. The
stockpile will be enclosed in a building in order to control noise and potential release of
dust. The rock will be taken by an enclosed belt conveyor from the construction return
shaft to the top of the covered building and discharged into either of two bunkers. The
material will then be loaded by a front-loading shovel into articulated dump trucks during
daytime working hours for use in the construction of the screening bund around the site.

If a situation arises where it is not possible to store all of the excavated rock on site,
arrangements will be put in place to transport surplus excavated rock off site. These
arrangements will consist of a conveyor to transport the spoil from the bunkers to the rail
sidings, to be removed from site.

The arisings from underground construction in the evaporite rock illustrative design are
assumed to be unsuitable to be used in bunds around the site. When stored on the
surface, they would be exposed to rainwater meaning that there would be a potential for
leaching and consequent pollution. The evaporite rock may also degrade over time
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resulting in loss of volume, particularly over the timescales involved with the construction
and operation of the GDF. As a consequence of these risks, it is very likely that surface
storage of such a material will require an environmental permit and extensive pollution
prevention and control measures. Therefore, it is planned to export the excavated
evaporite arisings from site via the rail system. In this scenario, screening bunds can be
formed from site clearance material and any spoil generated from initial shaft excavation
through overlying (non-evaporite) materials. Additional screening using vegetation and
fencing may be considered, dependent upon site location and planning conditions.

6.1.3 Buffer materials handling plant

A buffer materials handling plant will be required in the higher strength rock and lower
strength sedimentary rock illustrative designs; in the evaporite rock design, the rock
crushing plant serves this purpose for salt.

In the higher strength rock illustrative design, buffer material will be formed into pre-
compacted blocks and rings, packaged appropriately to prevent degradation, and
transferred to the drift for onward movement underground. To produce the pre-compacted
blocks, bentonite will be withdrawn from storage bins and transferred, blended and
weighed, and the moisture content of the mix will be adjusted to the required level. The
bentonite will then be transferred to one of a number of block compaction machines.
Completed blocks will then be conveyed from the compaction machine to the block-loading
bay, where blocks would be inspected, sorted and placed on suitable rail wagons. Blocks
will be grouped logically on wagons to provide the desired combination for the deposition
hole or disposal tunnel being filled.

The buffer materials handling plant will also be required to produce crushed rock spoil and
bentonite, to be used as mass backfill for common services area and roadway
infrastructure.

In the illustrative design for a lower strength sedimentary rock, the buffer materials handling
plant will be required to produce blocks of bentonite and granulate.

6.1.4 Construction offices

The office block will provide facilities, including construction personnel changing facilities, a
control room linked to the main GDF control room and a lamp room.

6.1.5 Construction workshops, stores and marshalling area

Workshops and stores will be provided to service the construction works. The workshops
will be equipped with both mechanical and electrical plant servicing areas and will have an
overhead travelling crane. The stores will have a racking system for smaller parts and an
open area with an overhead travelling crane for the larger items of stored equipment.
These will be located adjacent to a laydown area for the storage of construction materials
and also linked to the construction return shaft via rails to enable maintenance of spoil
skips.

6.1.6 Fire and rescue station

A fire and rescue station will be provided on the surface site. This will serve both the
surface and underground in the event of an emergency. The station will be a combination
of a conventional fire station and a rescue station, and will be staffed by trained fire and
rescue personnel, and provide a permanently available service.

Facilities will follow best practice adopted in the mining and nuclear industries and will
include fire engine(s), self-contained breathing apparatus, protective clothing (for example,
fire suits and full body suits), a lamp room, active change rooms and showers, whole-body
radiological monitoring, an ambulance and a first aid room.
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6.1.7 Explosives store

Subject to the properties of the host rock, explosives might need to be used as part of the
underground excavation operations. An explosives store will be provided on site to ensure
that explosives will be held securely and will be available as and when required. The store
will be sited in the construction area and explosives delivery, storage, transportation and
use will be subject to strict controls and statutory requirements.

Depending on the nature and quantities of explosives involved, storage of explosives on
the site would require a licence to have been granted by ONR under the Explosives
Regulations 2014. Such a licence would include conditions relating to the type and
maximum quantities of explosives that may be stored, separation distances from certain
other buildings, and, if appropriate, the construction, siting or orientation of the store
(including any protective works around the building), the activities that may be carried on
within the store (or particular rooms or other structures within the store). In addition to
complying with the conditions of the licence, the licence holder must also comply with
directly applicable provisions of the 2014 Regulations relating to safety and security of
explosives (e.g. preventing/controlling fires and explosions, preventing unauthorised
access to explosives, reporting losses).

6.2 Waste emplacement support facilities

The following principal surface facilities will be provided to support the ongoing waste
emplacement activities at the GDF.

6.2.1 Ventilation facilities

A number of different ventilation systems will be necessary for the GDF. These will include
systems for the ventilation of the nuclear facilities on the surface, and the normal provisions
for ventilation and air conditioning of modern buildings. Where feasible, passive ventilation
and heating/cooling systems will be used for the surface facilities.

A fan house will be located adjacent to the emplacement return shaft and will be connected
to the shaft by a fan drift. This fan house will contain the fans to draw air through and out
of the emplacement side of the GDF.

All discharges from the ventilation system will be led to the atmosphere through a stack
located at the side of the ventilation fan house. Equipment will be in place to monitor
quantities of dust, aerial contaminants, gases and radionuclides prior to release to
atmosphere. High Efficiency Particulate Arrestors (HEPA) will be used to filter the air
discharged to atmosphere to minimise the release of particulate material.

6.2.2 Active effluent treatment plant

An active liquid effluent treatment facility will be provided to treat all radioactive liquid
effluent arising from the surface and underground operations during the operational period.

Any active liquid effluent, collected from underground operations, will be brought to the
surface via the emplacement intake drift or shaft (in evaporite rock) using a bowser and will
be shunted into a covered unloading station. A flexible coupling will then be connected to
the tanker, and the contents pumped to receipt tanks at the active effluent treatment plant.

6.2.3 Management centre
The management centre will provide the following facilities:

e in conjunction with the transport management centre, round-the-clock operational
control and monitoring of all transport package arrivals and dispatches
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e processing and recording of all quality assurance documentation, including
maintenance records

e changing room facilities for workers involved in active operations on the surface and
underground

o welfare facilities
e health physics monitoring and records service
e office accommodation for management, operations and support staff

o offices for use by the various regulators, including the Health and Safety Executive,
Environment Agency and the European Atomic Energy Community (Euratom), who
will periodically visit the facility

6.2.4 Transport management centre

The transport management centre will be located close to the road and rail arrivals and
dispatch areas. lts primary function will be to check and process documentation relating to
arriving transport packages and departing reusable transport containers. The primary
control will be through inventory tracking procedures. The transport management centre
will be closely linked to the main control room, which will have overall responsibility for the
co-ordination and control of vehicle movements both on and off site.

6.2.5 Drift and shaft transport vehicle maintenance facility

In the GDF, where waste packages are transported underground using a drift transport
system, a facility will be provided for the maintenance of the drift locomotives and rolling
stock. A rack and pinion rail track running the full length of the facility will provide
maintenance bays for up to three drift locomotives or wagons. In the GDF, where waste
would be emplaced using a shaft transport system, the maintenance facility would be
integrated into the waste package transfer buildings. It would be accessible by rail track to
the emplacement shaft transport system. Both of the facilities will have a monitoring and
decontamination area, inspection pit, machine and welding shop, and will be served by an
overhead travelling crane with an appropriate SWL.

A control room that will be the focal point for monitoring and controlling the disposal facility
will be located above this facility. This control room will address both surface and
underground facilities, during normal operations and also during emergencies (during site
emergencies the control room will also function as part of the emergency control centre).
The location of the control room has been chosen so that control room staff will have good
direct visibility of the main operations within the rail sidings and the transport package
receipt and transfer facilities, as well as the usual alarm and CCTV monitoring, and back-
up systems.

6.2.6 Shunting engine and main-line wagon maintenance facility

A separate maintenance facility will be provided, adjacent to the drift wagon and locomotive
facility, for the shunting engines and the fleet of main-line rail wagons. The facility will not
be used for routine maintenance, only essential repairs. This facility will have an inspection
pit and a machine and welding shop, and will be served by an overhead travelling crane
with a suitable SWL.

6.2.7 Laboratories

The laboratories will share the same building as the active laundry (within the active area).
Their role will be to analyse active or potentially active liquid and gaseous samples taken
from various operational processes on the site. This will also include sampling and
analysis of liquid and airborne discharges to ensure that compliance with regulatory limits
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was maintained. In addition, analysis of environmental samples (eg air, water) will be
carried out to monitor and record any of the disposal facility. The relatively small liquid
effluent arisings will be transported to the active effluent treatment receipt tanks for
processing.

6.2.8 Active laundry

It is assumed that an active laundry will be provided on site. This will be a separate facility
within the active area to handle the laundering of clothing used in the active operations
area. It will be similar to any normal industrial laundry, with washers and drying systems,
but in addition will have an active change area and radiological controls and monitoring.
The laundry will also wash protective clothing and respirators for re-use. The active liquid
effluent will be pumped to the active effluent treatment plant receipt tanks for processing.
All other work clothing worn outside the active area will be exported from site to a
commercial laundry.

6.2.9 Mechanical and electrical workshops and stores

The mechanical and electrical workshops and stores will serve both surface and
underground operational requirements for the supply and maintenance of equipment. The
workshops will be equipped with both mechanical and electrical plant servicing areas and
will have an overhead travelling crane (SWL approximately 20t). The stores will have a
racking system for small parts and an open area with an overhead crane for any larger
items of equipment requiring storage.

6.2.10 Administration and reception

The administration and reception building will provide the following:

o offices for staff engaged in managing the disposal facility, including senior
managers, finance and accounts, IT, safety and environmental, training and
corporate communications services

o welfare facilities
e conference and meeting rooms
e training facilities
6.2.11 Visitor centre
A separate visitor centre will be provided outside the fenced site boundary. Facilities might

typically include a reception area with a static exhibition and computer simulation of the
disposal facility operation, conference facilities, meeting rooms and demonstration facilities.

6.3 Surface infrastructure
6.3.1 Personnel access

A car park and bus terminal will be located outside of the GDF boundary fence. Personnel
will gain access to the site via the security turnstiles and will proceed on foot to the on-site
shuttle bus park for access to the facilities.

A railway station has been included in the illustrative designs, located outside of the GDF
perimeter fence. However, the viability of a rail service for workers has yet to be assessed
in light of the numbers regularly commuting to and from the site. Shuttle buses will operate
to move personnel to and from the railway station.

Shuttle bus parking areas will be located within the boundary fence, close to the main
facilities to allow for dropping off and picking up of personnel during shift changes.
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6.3.2 Security fencing and vehicle access control points

The perimeter of the GDF will be controlled to prevent unauthorised access. These
boundary fences will be designed to meet the appropriate regulatory expectations for a
licensed nuclear site and are planned to have three access points, two road vehicle control
points for admission of personnel, waste packages and construction vehicles, and a
gatehouse to control rail movements. Other areas within the GDF such as the waste
receipt area and construction areas will also be fenced separately. Further control points
will be positioned within the GDF to control movements to individual areas of the site, ie the
waste receipt area, the management area and the construction area.

6.3.3 Electrical sub-station and compound

Two independent supplies will be taken from the distribution network to feed two surface
sub-stations, one sub-station located within the operational area and a second sub-station
within the construction area. The surface sub-stations will supply power to both the surface
and underground facilities. The surface sub-station design will be based on duplication of
in-feeds, transformers and distribution boards at each sub-station, with the capability to
cross-connect sub-stations in order to supply power to the entire GDF in the event of loss
of supply at either surface sub-station. Additionally, each of the surface sub-stations will
include mobile backup diesel generators, to maintain the GDF essential load in the event of
total loss of the distribution network supply, as described in Section 11.4.

Further detail of the design of the proposed electrical system at the GDF is described in
Section 11.4.

6.3.4 Exterior lighting

There will be three types of exterior lighting on the site: operational, amenity and security.

e Operational lighting will be required so that operations will be carried out in a safe
manner. For example, the stockyards will have a relatively high level of lighting to
illuminate working areas.

e Amenity lighting will be provided for access roads and car parks. Footpaths will also
be illuminated at low level by lighting bollards.

e For security reasons, the fence around the operational area will be illuminated.
Other sensitive areas will also be illuminated.

Particular care will be taken in the specification and siting of all surface lighting in order to
minimise light pollution outside of the site without compromising safety and security. A
screening bund around the site could be designed to help to minimise light pollution.

6.3.5 Water supply

There will be a requirement for water to be used for construction, operation and closure
activities. A drinking water supply and on-site storage piped distribution system will be
installed to the site. Water will be needed during construction and backfilling operations as
well as used to clean during and after construction activities and process water will be used
for decontamination activities. Water will also be necessary for fire suppression systems
and firefighting provision. The source of supply could be from an existing local utility water
supply network, assuming the water pressure and quantity required were acceptable.
Alternatively, it may be necessary to upgrade an existing system in order to provide an
adequate supply to the site.

A storage tank will be provided on site, of sufficient capacity to ensure emergency supply in
the event of a failure in the normal supply.
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6.3.6 Water treatment and drainage

A wastewater treatment plant will be constructed on the site for all non-active drainage
pumped from underground. This will be located close to the construction area of the site
and will be designed to provide appropriate wastewater treatment for all site facilities. Foul
water from the washing and changing facilities, toilets etc., will be collected by a system of
pipes and, then routed to the on-site wastewater treatment plant. Surface water run-off will
be passed through multi-bay settlement tanks, oil interceptors and storage tanks, with
arrangements for chemical conditioning should this be necessary.

The surface water drainage system will be designed in accordance with best practice, with
due consideration for topography and the local drainage regime. To cater for extreme
rainfall events, the site roads will be laid with the appropriate falls or spillways provided so
that surface water run-off will be discharged to either existing water courses or to lower
lying land, to prevent the site from flooding. Shaft accesses will be covered and laid to fall
from the shaft collars, to avoid the inundation risk in storm conditions. For non-active
surface areas, a sustainable drainage system (SUDS) will be designed, with due
consideration of topography and the local drainage regime.

Regular sampling and monitoring will be undertaken to ensure that the quality and quantity
of the water complies with the discharge consent. Should a non-compliance be recorded
for certain agreed parameters the discharge would be diverted to a non-compliance holding
tank where the water would be stored until the situation was rectified. The water would
then either be treated appropriately on site before being discharged or if necessary, taken
off site by road or rail tanker for specialist treatment.

The treated water will be discharged from the site to a suitable drainage network or local
watercourse, under permit from the environmental regulator. Discharges to local
watercourses will be limited to a permitted run-off rate. If necessary, suitable balancing
facilities will be constructed to ensure that this requirement can be met.
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7 Surface to Underground Waste Transport and Facilities

The facilities that are required to enable the transfer and emplacement of waste packages
underground are described in the following sub-sections. It is recognised that the detailed
design and configuration of these facilities will require development as the project
advances. At appropriate stages of development, the design will be reviewed as part of the
iterative process for disposal system development.

Access to the underground facilities will be via a combination of shafts and a drift or shafts
only, depending upon the geological environment. For the illustrative designs in a higher
strength rock and lower strength sedimentary rock, access underground is assumed to be
via a drift and three shafts. For evaporite rocks, access is assumed to be via four shafts.
The final design will be based on the information acquired during the site investigation
phase. Designs for underground access will take account of amongst other matters,
safety, the environmental impacts of operations, the package throughput, the depth of the
disposal horizon and the characteristics of the overlying geological sequence.

A lateral separation distance of up to 10km between the surface facilities and the
underground disposal facilities disposal areas is considered feasible. However, in theory,
the lateral separation could be greater or less than 10km, depending on the site(s)
available. A number of factors will need to be considered when determining the lateral
separation, such as the impact on operational safety. This distance could impact the
arrangement of the underground accessways and may impact on access and egress, for
example, some shafts may be replaced by drifts.

There will be many site-specific factors that will influence the separation distance, which
could either reduce that distance, or in certain circumstances allow it to be increased as
detailed in the Statement on Separation Distance Limit between a Surface Facility and
Underground Vaults [43].

7.1 Drift

The entrance to the drift will be covered by a drift top building, which would provide a
weatherproof structure for drift trains and operational personnel awaiting final clearance to
go underground. The building will be equipped with doors and other protection measures
to allow only authorised trains (drift/wagons and locomotives) to enter the drift.

The drift top building will also be the point where operational personnel passing into and
out of the underground areas via the drift will be recorded. Combined with similar records
for construction personnel from the construction intake shaft, this would provide an
accurate record of the number of personnel underground at all times.

The drift is assumed to be constructed at an average gradient of 1:6, and will connect the
surface waste transfer facilities with the underground disposal facilities. The drift will have
a spiral configuration, as shown in Figure 14.
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Figure 14 Drift configuration
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The drift will be the principal means of access from the surface to the underground disposal
facilities. Its primary functions would be:

e transport of waste packages and containers

e transport of large components

e transport of operational personnel

o export of liquid effluents

e aroute for services

e the air intake for disposal ventilation (the emplacement intake)

Based on the assumed depth of the underground facilities, the approximate length of the
drift would be 4.0km in the higher strength rock design and 3.0km in the lower strength
sedimentary rock design. This is subject to the location of the underground disposal
facilities in relation to the location of the surface facilities, allowing for changes in gradient
at the start and finish.

The upper section of the drift is assumed to pass through high-permeability sedimentary
strata, which will require pre-treatment to control groundwater inflows during construction.
Groundwater control in the upper 10m or so of strata will be achieved by de-watering.
Thereafter, treatment by grouting from the surface will be carried out to the maximum
practicable depth of about 130m below ground level. Groundwater control for the drift at
depths in excess of this will be by conventional cover grouting techniques from within the
drift, and will form part of the excavation cycle. There are a number of alternate methods
that can be adopted such as ground freezing, concrete lining or dewatering. These will be
considered based on site-specific characteristics.

Starting from the surface, the first 60m length of the drift (10m depth) will likely be
constructed by cut-and-cover methods with a drift portal at the surface. A number of
construction techniques are available for excavating the remainder of the drift including
tunnel boring machine (TBM), road header and drill and blast techniques. The upper
section of drift will be formed by TBM and would be circular in cross-section, with an
assumed concrete hydrostatic pressure-resistant lining of 5.5m internal diameter.

Beyond 300m depth in the drift, it is assumed there will not be a requirement for a
hydrostatic pressure-resistant lining and that this lower section will require support in the
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form of rock bolts, mesh and shotcrete. It is assumed that this section of the drift can be
driven upwards from underground to meet the tunnel from the surface. Access to construct
this lower section of the drift will initially be via a shaft and that this section will require only
minimal ground support. The tunnel here will be either circular or a ‘D’ cross-section, 5.5m
wide by 5.0m high, depending upon the method of excavation adopted.

Due to the length of the drift, there may be a requirement to provide for evacuation of
personnel below ground by reducing travel distance to a place of relative safety such as a
safe haven or a protected corridor.

An electrical sub-station and pumping station will be constructed about halfway down the
drift, to collect and remove any residual groundwater from the upper section. The design
will also incorporate an additional pumping station at the bottom of the drift and a sump to
provide additional drainage storage capacity. The drift floor will be in-filled with a concrete
invert to support the rack-and-pinion rail system, and will incorporate a gravity drain. The
drift would carry a number of services, including a 100mm diameter water main, 11kV
power cables and a 100mm diameter pumping main for discharging groundwater and
process water arising from the ongoing construction activities. Indicative cross-sections
through the upper and lower drift sections are shown in Figure 15.

Figure 15 Cross-sections through the upper and lower sections of the access
drift
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Once excavation, lining and support are complete, a rack and pinion rail system will be
installed, capable of transporting loads of up to 80t.

The drift locomotives can be powered electrically from overhead cables via a pantograph,
and are currently assumed to be restricted to a maximum speed of 20km/h (Figure 16). A
separate carriage will be provided for the transport of personnel. Personnel and waste
transport packages would be carried on different trains at different times.

Figure 16 Rack and pinion drift transport system
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There would be four basic types of drift wagon:

wagon for transport packages only
general-purpose wagon for plant, equipment and materials
effluent bowser

carriage for personnel

Prior to first waste emplacement, the drift rail system will be used for the transportation of
large, long and heavy mechanical plant and equipment for the inlet cell and disposal
facilities.

Following the commencement of disposal, the drift will be designated a radiologically
controlled area, with restricted use and access and special safety precautions.

7.2 Shafts

All vertical access shafts will have a finished internal diameter of 8.0m, with the exception
of the emplacement intake shaft in evaporite rock. This waste emplacement shaft will be
constructed with an internal diameter of 9.0m to accommodate a DCTC used for HHGW,
as described in the Vertical Shaft Transportation report [44].

The shafts will be excavated using proven and well established techniques. Drilling and
grouting and/or ground freezing could be employed to advance the shafts through water-
bearing strata. Permanent shaft support will be provided by a concrete lining, which will
include an additional hydrostatic lining where necessary to prevent the ingress of water.
These design elements (and those for the different host rocks) will be tailored to individual
site properties and the required waste emplacement throughput rates.
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The primary functions of the three shafts common to the illustrative designs in all three host
rocks will be to:

e transport plant and materials
e provide ventilation to the construction and operational areas underground
e provide an export route for excavated rock

The three shafts common to all host rocks considered are currently assumed to have a
finished internal diameter of 8.0 metres. This size of shaft will allow for the flexibility for the
transport of plant, materials and people if required.

The construction intake shaft will be the principal means of access underground for
construction personnel and materials and act as the construction ventilation intake.

During construction, the construction return shaft will chiefly serve as the export route for
excavated rock and also act as an air return for the construction ventilation system. The
shaft will be equipped with a high-performance winding system to maximise its rock
removal capacity.

The emplacement return shaft (the third ventilation shaft) in conjunction with the drift will
enable separate ventilation of the waste disposal operations from the construction
operations.

All shafts will be constructed with sumps for the installation of safety equipment (eg shaft
bottom arrestors) and have a water storage capacity with pumps and pipe columns to the
surface.

Where the shafts pass through high-permeability sedimentary cover strata, they will be
lined with a hydrostatic pressure-resisting concrete lining. The bottom section of the shafts
may not need a hydrostatic lining, but will have a suitable concrete lining.

The design and appearance of the winding systems within the shafts and the shaft-top
buildings and structures will be similar to those used at deep mines around the world, but
as discussed in Section 2.6.5, the design will need to satisfy ONR’s regulatory system.

The headgear will be erected over the shafts, from which the shaft conveyances (cages or
skips) will be suspended from wire ropes. Emergency back-up generators will be provided
for shaft winding in case of loss of power and the need to evacuate personnel from
underground. An emergency mobile winder will also be available for use in case of an
incident where access to the shaft is required. The shaft systems will be based on relevant
good practice and incorporate up-to-date control, monitoring and safety equipment to
reduce the risk of and mitigate accident situations.

7.3 Emplacement shaft (evaporite rock)

Shaft-only access is currently assumed in the illustrative design for evaporite rock. Thus,
the waste for disposal will be transported underground via a fourth shaft, which will be
constructed instead of the drift described above (Figure 17). This shaft will have an
increased diameter of 9m in comparison to the other shaft in order to accommodate some
of the waste packages. The entrance to this dedicated waste emplacement shaft (referred
to as the emplacement intake shaft) will be within the coverage of the waste package
transfer facilities, which will provide a weatherproof environment. The transport container
will be transferred onto a shaft bogie which will then be delivered on to a cage in the
emplacement intake shaft.

The emplacement intake shaft top building will also be the point where emplacement
operational personnel passing into and out of the underground areas via the shaft will be
recorded. This will provide an accurate record of the number of personnel underground at
all times, when combined with similar records from the other underground accesses.
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Figure 17 Surface access to the emplacement shaft
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7.4 Access and egress for personnel

Personnel access to and egress from the underground facility will be provided for
personnel working on the construction or operational activities. In a higher strength rock
and lower strength sedimentary rock environments access arrangements would be via:

e drift (operation intake)

- primarily to transport operational personnel

- and to provide a means of egress from underground
o shafts (construction intake)

- primarily to transport construction personnel

- and to provide a means of egress from undergorund

There is currently no drift in the evaporite design so access and egress for both the
construction and operational phases will be via the shafts. The operation intake is currently
assumed to provide access for operations personnel however this will likely need
reconsideration in the future with operational safety input. The construction intake will
provide access for construction personnel.

In the event that there is a problem in either the construction or operations side of the
facility it will be possible for personnel to gain access to the un-affected side and allow a
means of additional egress.

7.5 Underground transport

In the illustrative designs, which are assumed to be constructed on a single horizontal level
using an idealised layout, the underground emplacement rail system will split in two
directions at the disposal facility level, with one branch going to the LHGW disposal area
and the other serving the HHGW disposal area.

In the higher strength and lower strength sedimentary rock illustrative designs, operational
personnel will be transported down the drift in a dedicated personnel carriage to the
emplacement support facilities in a carriage hauled by two locomotives. Personnel will
disembark at a platform at the opposite side of the inlet cell from waste arrivals. The
personnel platform will also provide access to the main underground control room. Trains
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carrying waste packages will not be permitted in the drift when trains are transporting
personnel.
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8 lllustrative Underground Layouts and Operations

8.1  lllustrative underground layouts

The illustrative layouts of the GDF are based on construction of the disposal facility on a
single level horizontal underground. RWM recognise that this is only an assumption used
for the purpose of developing illustrative designs and any detailed site-specific designs
could result in an alternative layout that could influence the size of the required facility
footprint.

The vaults and tunnels have been arranged in a modular layout to provide flexibility when
tailoring the design to a specific site; these modules can then be arranged in accordance
with the structure of the host geological environment. This flexibility of the layout could also
be adapted to include construction of modules at different levels within the geological
formation.

The generic layouts have been based on distances between the packages within the
disposal vaults taking into consideration geotechnical parameters and thermal
considerations for the HHGW. Site-specific data could allow the disposal containers to be
placed closer together or the rock pillars between vaults and tunnels could be decreased
(geotechnical). If so, there would be a corresponding decrease in the overall GDF
footprint.

Once a host site for the GDF is identified, the site-specific host rock properties, including
rock strength, structure, hydrogeological properties and other factors will be considered
and evaluated to determine its suitability to host the GDF. These properties will influence
the design of the underground facilities and may result in changes such as the
implementation of a multi-horizon layout or the use of different disposal concepts, selected
and tailored to site conditions.

Based on geotechnical considerations, all disposal vaults and tunnels will most likely be
aligned parallel with the direction of the assumed maximum principle stress. Aligning the
disposal vaults and tunnels with the maximum horizontal stress would result in the
minimum horizontal stress acting across the excavation roof. This orientation will improve
stability, assist with excavation rates and contribute towards the most cost effective
support. If the alignment was perpendicular to the maximum horizontal stress then roof
conditions will deteriorate resulting in increased instability, lower excavation rates and
increased support costs.

Underground, the disposal facility will be split into two disposal areas, separated by a
common services area. An LHGW disposal area for the disposal of LLW, SILW, UILW and
DNLEU, and an HHGW disposal area for HLW, SF, Pu and HEU.

As a general principle, the temperature in the LHGW disposal vaults for the current
illustrative designs will be minimised as far as is reasonably practicable. For the UILW
disposal vaults, the design aim for the operational phase (including backfilling) is to provide
an environment in which the temperature of the waste packages remains within targets
specified in the DSS Part B [11]. This target is defined as 50°C with excursions up to 80°C
for up to 5 years, and an air temperature within a disposal vault limited to 50°C (required for
effective operation of equipment eg emplacement cranes).

The designs for LHGW vault operation will be established to ensure, so far as possible by
passive means, that the temperatures can be kept below this level. Therefore, effects of
co-location with HHGW could have an impact on the temperature in the LHGW disposal
vaults. The operational temperatures for the LHGW disposal vaults have been calculated
and modelled previously, as detailed in the Nirex Vault Environment Feasibility Study
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Summary Report [45].The ventilation system for the GDF has been analysed and is
described in more detail in [46].

The illustrative layouts for each host rock, having regard to orientation and pillar size,
considered are shown in Figures 18 to 20. A layout for each host rock has been prepared
showing the maximum extent of the GDF and the total number of anticipated disposal
vaults and tunnels.

Figure 18 Final illustrative underground layout in a higher strength rock
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For the higher strength rock, the footprint for the 2013 Derived Inventory will be
approximately 7.6 km? (Figure 18).
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Figure 19 Final illustrative underground layout in a lower strength sedimentary
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For the lower strength sedimentary rock illustrative design, the footprint for the 2013
Derived Inventory will be approximately 15.3 km? (Figure 19).
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Figure 20 Final illustrative underground layout in an evaporite rock

l =l =l

LHGW DISPOSAL
AREA

COMMON
SERVICE AREA

HHGW DISPOSAL
0 500m 1km AREA

2906-02-NDA

For the evaporite rock illustrative design, the footprint for the 2013 Derived Inventory will be
approximately 10.3 km? (Figure 20).

A more detailed analysis of the illustrative design footprints for the different host rocks and
the inventory scenarios is provided in Appendix E.

8.2 Operational programme

Construction of the vaults for LHGW and the disposal tunnels for HHGW will take place
concurrently with emplacement operations. At the time of first waste emplacement, there
will be one UILW vault constructed and operational, one UILW vault undergoing fit-out and
one SILW/LLW vault constructed and operational. A vault for RSILW waste packages will
also be constructed ready for waste disposal although this will depend upon the schedule
of arising RSILW Containers. Construction of one HHGW disposal module comprising 20
disposal tunnels will be completed prior to the arrival of the HHGW containers.

Construction of the vaults for LHGW and the disposal tunnels for HHGW will take place on
an as-required basis, with potentially two or three tunnels under construction and fit-out at
any one time.

At this stage, for the purpose of providing a basis for undertaking safety assessments and
environmental assessments, and considering the logistics associated with moving wastes
to the facility, assumptions have been made regarding the timings and throughput rates.
The rate of handling and emplacing these waste packages is within the maximum
tolerances of the throughput levels currently assumed for the GDF and the facility will have
the flexibility to dispose of smaller or larger number of total waste packages per year.
Throughput rates have been based on earlier studies (Generic Repository Designs [19]) or
from information drawn from other national programmes.
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For the Inventory, the throughput for LHGW will average approximately 2,300 disposal
units per year from 2040 to 2063. Between 2063 and 2108 the throughput will reduce to an
average 1,500 disposal units per year. DNLEU packaged in 500 litre drums (UILW) will be
emplaced at a similar rate (1,500 disposal units per year) once the legacy UILW has been
emplaced and would take approximately four years, until 2112. DNLEU packaged within
TDCs will be emplaced following the completion of emplacement of DNLEU packaged in
500 litre drums. The rate of disposal is assumed to be similar, resulting in the emplacement
of these packages over a six year period, by 2118. NNB ILW will be emplaced in parallel
with the end of legacy ILW/LLW and DNLEU from 2100 to 2140.

The disposal of legacy HHGW will commence in 2075 and continue until 2105 at a
throughput rate of 200 disposal containers per year, based on the Outline Design for a
Reference Repository Concept for UK High Level Waste/Spent Fuel [47]. Disposal of
residual Pu and HEU will be scheduled to follow the disposal of legacy HLW and SF, from
2105 to 2110. MOX will be available for emplacement at 2131 based on the rate of
cooling, and will take approximately 14 years to emplace. Subsequently, spent fuel from
the 16GW(e) new nuclear power stations programme will take 45 years to dispose of up
until 2190. The phasing over time for the Inventory is shown graphically in Figure 21.1t
would be possible to reschedule consignments should the need arise, for example, due to
problems with packaging of a particular waste type or disruption of transport networks.

Figure 21 GDF waste emplacement timings
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Following emplacement of all waste in a higher strength rock, the LHGW vaults will be
backfilled and sealed in a single campaign. This differs for a lower strength sedimentary
rock, where it is assumed that the LHGW vaults will be backfilled and sealed once each
vault has been filled with waste packages.

For the purpose of developing the illustrative design in evaporite rock, the LHGW disposal
vaults will not be backfilled as the strata will be allowed to creep” naturally and close the
excavations over time. Each vault will be sealed once filled with waste packages.

The backfilling of disposal tunnels for HHGW will be carried out progressively as disposal
containers are emplaced.

The development of the operational programme is based on a number of assumptions. For
LHGW these assumptions are typically practical in nature; such as the timing of waste

Creep: the nature of some evaporite rocks to move over time, which can cause the closure of
underground openings.
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arisings. For HHGW, the disposal schedule is more related to managing the impacts of the
thermal output of the wastes.

The dates for disposal of HHGW are based on a number of parameters including; the
radionuclide inventory of the HHGW, properties of the geological environment and the
disposal concept and associated temperature targets for the backfill and buffer materials.
At this generic stage many of these parameter values are assumptions and this will result
in uncertainty in the disposal dates that are presented in the operational programme. For
example, should the design chosen for a site be different to those assumed for the
illustrative designs then a substantially different emplacement schedule could result.

The approach adopted in the illustrative designs is to present a time efficient programme,
whereby the emplacement period is minimised and other parameters within the GDF are
adjusted accordingly. For the illustrative designs this means that the thermal target of the
disposal concept is met by increasing disposal container separation distances, where
necessary, rather than by adjusting the emplacement date to allow for more decay.
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9 LHGW Handling and Emplacement

The LHGW disposal area comprises a series of disposal vaults connected by
access/transfer tunnels. There will be five types of disposal vault within the LHGW disposal
area:

o UILW vaults to accommodate legacy UILW (including DNLEU packaged in 500 litre
drums)

e  SILW/LLW vaults to accommodate legacy SILW and LLW waste packages
e dedicated vaults to accommodate DNLEU in TDCs;

e dedicated vaults to accommodate NNB SILW concrete drums from new nuclear
power stations which will have specific handling requirements

e dedicated RSILW vaults to accommodate RSILW containers which have specific
handling requirements

The disposal vaults are constructed to allow through flowing ventilation and the waste
packages are placed on a concrete floor of sufficient strength to support the stacks of
waste packages.

When considering the inventory of radioactive waste for disposal, there are a number of
different types of waste package that are non-standard and various features will require
special consideration prior to emplacement. Details of these packages and their
requirements are provided in Appendix G.

9.1 UILW handling

The legacy UILW packages will be transported to the inlet cell directly by rail via the drift.
In the evaporite rock, the packages will be transported to the inlet cell by rail from the base
of the emplacement shaft. Following arrival at the inlet cell, the packages will be remotely
removed from their transport containers and transported to the disposal vault via a
designated transfer tunnel. The inlet cell is where each UILW disposal unit will be removed
from its reusable SWTC and transferred to a designated vault for emplacement. A
schematic of the inlet cell suite is shown in section in Figure 22. The UILW will be
delivered in a range of package types, including stillages holding four 500 litre drums, and
individual 3 cubic metre drums, 3 cubic metre boxes and Miscellaneous Beta Gamma
Waste Store (MBGWS) boxes. These UILW waste packages will be transported from the
inlet cell to the vaults via a common transfer tunnel.

The size of the excavation to accommodate the inlet cell design will be different for each of
the generic geological environments due to assumed geological parameters and the
support requirements for each. However, the process for removing the containers from
their SWTC and transferring to the vault is similar in all generic geological environments.
Therefore the structures for undertaking this will be similar in all three generic designs and
sufficient space to accommodate these structures is included.

The inlet cell will be located underground to enable the waste packages to be transported
in their reusable SWTC as close as possible to the point of disposal. The inlet cell will be
shielded and will provide containment of radioactive material in the unlikely event of an
incident. In addition to the in-built redundancy that will be incorporated into the inlet cell
systems, a retrieval system will be provided so that the cranes could be manually operated
in the event of total electrical failure. Shielded viewing windows and CCTV will allow visual
monitoring of all stages of the operations within the inlet cell.

Following transfer underground via the drift or emplacement shaft, wagons containing
UILW packages will arrive at the end of the container transfer line for offloading. The
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container transfer line would have an 80t SWL overhead travelling crane for lifting and
moving packages.

Figure 22 follows the waste package as it arrives at the reception area (right hand side) in
its SWTC to delivery to the transfer tunnel (left hand side) prior to subsequent
emplacement in the vault.

Figure 22 Schematic UILW inlet cell
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Once the UILW package has been removed from the SWTC, at the package removal
station, the SWTC will be returned to the surface. Appropriate monitoring, and where
required decontamination, of the SWTC will be undertaken. Prior to the relidding of the
SWTC, a number of checks may be undertaken to prevent the relidding of an SWTC which
still has a package present. Engineering measures will be used to prevent this from
happening, through the use of laser scanning, to ensure that the SWTC is empty, prior to
relidding. This could also be supported by an operator visual check, via CCTV.

In order to ensure that the location of each package within the GDF is known, at all times, a
package configuration management system will be used. This would be in addition to any
independently operated nuclear material safeguards assurance system.

9.2 UILW emplacement
9.2.1 Higher strength rock

The UILW disposal vaults will have a cross-section of approximately 16.0m x 16.0m
(Figure 23) and a length of 317m with an effective length for disposal of 295m. A total of
20 disposal vaults will be built to accommodate UILW packages based on the Inventory.
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Figure 23 Schematic cross-section through an UILW vault — higher strength rock

0842-03-NDA

Disposal would start from the far end of the vault, and work back towards the transfer
tunnel access hatch. The basic stack arrays in the vaults will be as follows:

o stillages of four 500 litre drums would be stacked in arrays seven wide and seven
tall

e 3 cubic metre boxes and 3 cubic metre drums will be stacked six wide and seven tall
e MBGWS boxes will be stacked six wide and six tall

Emplacement within the vaults would be by an overhead travelling 20t SWL crane running
the full length of the vault, as shown on Drawing Number E/DRG/0041029.

The placing of the disposal units in the vault will be controlled such that units can be
positioned about a common reference point. Laser control of crane movements is a proven
system that could be employed.

At the front of each UILW disposal vault there will be a crane maintenance area that will be
shielded from the waste packages by a shield door. This will enable the emplacement
crane to be maintained and/or repaired in a safe environment. Reliability of the
emplacement crane will be essential to vault operation, and the design will incorporate
redundancy and mechanical back-up. To deal with the unlikely event of a total crane
system failure, a retrieval system will also be provided to enable the crane to be pulled
back to the crane maintenance area. In case the crane failure occurred whilst a package is
hoisted, after the crane has been retrieved to a position adjacent to the shield door,
facilities will be provided to enable direct operation of the lowering mechanisms and
disengagement of the waste package before safe retrieval of the crane into the crane
maintenance area.

9.2.2 Lower strength sedimentary rock

The UILW disposal vaults will have a cross-section of approximately 9.6m wide x 11.5m
high (Figure 24) and a length of approximately 317m with an effective length for disposal of
295m (Drawing Number E/DRG/0041080). A total of 58 disposal vaults will be built to
accommodate UILW packages, based on the Inventory.
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Figure 24 Schematic cross-section through an UILW vault — lower strength
sedimentary rock

3551-NDA

Disposal will start from the far end of the vault, and work back towards the access hatch, as
shown on Drawing Number E/DRG/004080. The basic stack arrays in the vaults will be as
follows:

o stillages of four 500 litre drums will be stacked in arrays three wide and five tall

e 3 cubic metre boxes and 3 cubic metre drums will be stacked three wide and five tall
(as illustrated in Figure 24)

e MBGWS boxes will be stacked two wide and five tall
The emplacement operation and the crane facilities will be similar to those described for
UILW in the illustrative design for higher strength rock.
9.2.3 Evaporite rock

The UILW disposal vaults will have a cross-section of approximately 10.0m wide x 5.0m
high (Figure 25). The length of the vault will be approximately 317m with an effective
length for disposal of 295m. A total of 49 vaults will be built to accommodate packages
from the Inventory.
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Figure 25 Schematic cross-section through an UILW vault — evaporite rock

3557-01-NDA

Each disposal vault will be sealed at the exit, ventilation outlet end and the shield door at
the entry to the disposal vault will provide containment at the other end of the disposal
vault. Disposal will start from the far end of the vault, and work back towards the front of
the disposal vault utilising a remotely operated stacker truck, as shown on Drawing Number
E/DRG/0041130. The basic stack arrays in the vaults will be as follows:

o stillages of four 500 litre drums will be stacked in arrays five wide and three tall (as
illustrated in Figure 25)

e 3 cubic metre boxes and 3 cubic metre drums will be stacked five wide and three tall
¢ MBGWS boxes will be stacked five wide and three tall

9.3 SILW and LLW handling

The SILW and LLW packages will be transported by rail to a temporary storage area,
located off the drift extension. They will then be taken by stacker truck to their respective
disposal vaults via service tunnels. DNLEU in TDCs, as described in the Inventory Report,
will also be handled in this manner but will be emplaced in their own dedicated vaults. In
the future, DNLEU may need to be separated, based on post-closure implications and at
the current time the DNLEU TDC disposal vaults have been placed adjacent to the SILW
vaults as handling and emplacement procedures are similar RSILW containers will be
routed to the vault reception area where they are removed from their transport container
and emplaced within the dedicated RSILW vault. NNB SILW concrete drums will be routed
to their own dedicated vault in a similar manner.

SILW will be delivered in a range of packages, and comprise 4 metre boxes, 2 metre
boxes, 6 cubic metre concrete boxes. LLW is currently assumed to be packaged in 4
metre boxes. The majority of DNLEU is currently assumed to arrive in TDCs. SILW and
LLW packages will be delivered underground to the SILW/LLW reception area. They will
be unloaded by an 80t SWL overhead travelling crane into the SILW/LLW temporary
storage area, ready for disposal in the vaults. On account of the lower arrival rate of arrival
of SILW and LLW packages, waste packages will be temporarily stored in dedicated
storage areas to allow emplacement to take place in campaigns.

SILW and LLW package handling will be by an 80t capacity remotely operated stacker
truck in all geological environments, which will transport the packages along the vault and
stack them at the disposal face. There will be appropriate segregation between the SILW
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and LLW vaults and the service tunnels (e.g. through the use of a roller shutter door), to
limit access to the vaults. The method of segregation will likely be controlled by an
interlock, to ensure that access is only granted to the remotely operated stacker truck,
during normal operations.

DNLEU packages will be handled and emplaced in the same fashion, albeit in dedicated
disposal vaults.

The vault garage will house the stacker truck used for SILW, LLW, DNLEU, NNB SILW and
RSILW disposal. To allow maintenance of this truck, a garage area will be integrated into
the common services area. This will include all the necessary workshop facilities to
undertake maintenance, including a crane, workbenches, stores, etc. It is proposed to use
a battery-powered or electrically powered stacker truck in the vault.

9.4 SILW and LLW emplacement
9.4.1 Higher strength rock

An SILW/LLW disposal vault of cross-section about 16.0m wide x 15.0m high (Figures 26
and 27) will be constructed. Each vault will be 300m long (Drawing E/DRG/0041031). Due
to the stacker truck manoeuvring, the vault will have an effective length for disposal of
265m. Based on the 2013 Derived Inventory, there is a requirement for five vaults to
dispose of legacy SILW/LLW.

Dedicated disposal vaults for DNLEU packaged in TDCs are assumed to have the same
excavation profile as SILW/LLW disposal vaults. A total of 11 vaults are required to dispose
of DNLEU.

The SILW/LLW/DNLEU packaged in TDCs disposal vaults will be filled in a similar manner
to the UILW disposal vaults, in arrays across the vault cross-section, starting from the far
end. The basic stack arrays in the vaults will be as follows:

e 6 cubic metre concrete boxes will be stacked in arrays four wide and five tall

e 4 metre boxes will be stacked three wide and five tall

e 2 metre boxes will be stacked five wide and five tall

e TDCs will be stacked two wide and four tall
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Figure 26 Schematic cross-section through a SILW and LLW vault — higher
strength rock

3549-01-NDA

Figure 27 Schematic cross-section through an SILW vault for DNLEU — higher
strength rock
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9.4.2 Lower strength sedimentary rock

A SILW/LLW disposal vault will have a cross-section 9.6m wide x 11.5m high (Figures 28
and 29), each of which will be 300m long (Drawing E/DRG/0041081) with an effective
length for disposal of 295m. Based on the 2013 Derived Inventory, there is a requirement
for 18 vaults to dispose of legacy SILW/LLW and 30 vaults to dispose of DNLEU packaged
in TDCs.

Disposal would start from the far end of the vault, and work back towards the entrance.
The basic stack arrays in the vaults will be as follows:

e 6 cubic metre concrete boxes will be stacked in arrays two wide and three tall
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e 4 metre boxes will be stacked one wide and three tall
e 2 metre boxes will be stacked two wide and three tall
e TDCs will be stacked either one wide and two tall or one wide and three tall

Figure 28 Schematic cross-section through an SILW and LLW vault — lower
strength sedimentary rock

3554-01-NDA

Figure 29 Schematic cross-section through an SILW vault for DNLEU — lower
strength sedimentary rock

3555-01-NDA

9.4.3 Evaporite rock

A SILW/LLW vault will be 10.0m wide x 5.5m high (Drawing E/DRG/0041131 and Figure
30), each of which will be 300m long with an effective length for disposal of 295m.
Dedicated vaults to accommodate DNLEU packaged in TDCs will have the same length,
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however these vaults are assumed to be 8.0m wide x 5.5m high (Drawing E/DRG/0041139
and Figure 31).

Based on the 2013 Derived Inventory, there is a requirement for 10 vaults to dispose of
legacy SILW/LLW and 27 vaults to dispose of DNLEU packaged in TDCs.

Disposal will start from the far end of the vault and work back towards the entrance utilising
a remotely operated stacker truck. The basic stack arrays in the vaults will be as follows:

e 6 cubic metre concrete boxes will be stacked in arrays four wide and two tall

e 4 metre boxes will be stacked two wide and two tall

o 2 metre boxes will be stacked four wide and two tall

e TDCs will be stacked one wide and two tall

Figure 30 Schematic cross-section through a SILW and LLW vault — evaporite
rock

3560-01-NDA

Figure 31 Schematic cross-section through an SILW vault for DNLEU - evaporite
rock

3561-01-NDA
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9.5 NNB SILW concrete drum waste package handling

The Inventory includes two variants of NNB SILW concrete containers that will be delivered
to the GDF, as follows:

e 1 cubic metre concrete drums
e 500 litre concrete drums

The transport overpack containing NNB SILW concrete drum waste packages will be
routed to the SILW/LLW package reception area for potential temporary storage and
transfer to a dedicated vault as follows:

e the drift or shaft transfer wagon terminates at the SILW/LLW package reception area

e the transport overpack is lifted from the drift wagon by the SILW/LLW reception area
crane (SWL 80 t)

¢ the transport overpack containing NNB SILW concrete drums is placed in an
adjacent temporary storage area

o The transport overpack is lifted, by an 80t remotely operated stacker truck, and
transferred to a dedicated vault. Note that the capacity of the stacker truck can be
reduced but it is suggested that it is maintained so that the stacker truck could be
utilised for all SILW packages.

For unloading operations of NNB SILW concrete drums in a dedicated vault, it is assumed
that an 80t, remotely operated stacker will place the transport overpack onto an unloading
station located at the front of the vault; this area is known as the vault reception area. The
vault reception area will be enclosed by a containment screen and the stacker truck would
enter through a roller shutter door. The unloading station will be separated from the stacks
of emplaced NNB SILW concrete drums by a full package stack height shield wall and
door.

The transport overpack will be remotely opened in the vault reception area and a robotic
arm will be used to undertake the operations necessary to allow unloading of NNB SILW
concrete drums from the transport overpack. To provide the necessary positional accuracy
for the operation of the robotic arm, the unloading station will incorporate location features
to accurately position the transport overpack. Direct vision of all of the unloading
operations will be provided.

These are illustrated in Drawing Numbers E/DRG/0041034, E/DRG/0041084 and
E/DRG/0041134.

9.6 NNB SILW concrete drum emplacement
9.6.1 Higher strength rock and lower strength sedimentary rock

A dedicated SILW disposal vault of cross-section of 16.2m wide x 16.0m high will be
constructed for NNB SILW concrete drums in higher strength rock. Each vault will be 300m
long. Due to the stacker truck manoeuvring, the vault will have an effective length for
disposal of 277m. There will be a requirement for a single dedicated SILW vault to dispose
of the NNB SILW concrete drums included in the Inventory. Whilst the disposal vault
dimensions are the same for the NNB SILW packages, there is a requirement to remove
the packages from the transport overpack by remote handling. This activity will be
undertaken at the vault reception area at the entrance at each disposal vault. The
packages are emplaced at the designated location by remotely operated crane. As a
result, a dedicated vault is required for these packages. Emplacement of packages will
start from the far end of the vault and work back towards the vault reception area.

For the lower strength sedimentary rock illustrative design, a dedicated SILW disposal vault
of cross-section 9.6m wide x 11.5m high will be constructed for NNB SILW concrete drums.
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Each vault would be 300m long. Due to the stacker truck manoeuvring, the vault would
have an effective length for disposal of 277m. There will be a requirement for five
dedicated SILW vaults to dispose of the NNB SILW concrete drums included in the
Inventory.

The NNB SILW concrete drums will be handled using a crane within the vault reception
area and the emplacement vault. A crane maintenance area is required to be above the
vault reception area and incorporation of a walkway in this area to provide access for crane
maintenance.

The unloading station will be located beneath the operating area of the crane as shown on
Drawing Numbers E/DRG/0041034 and E/DRG/0041084. It is possible that both 1 cubic
metre concrete drums and 500 litre concrete drums will be emplaced in the same vaults,
however, they will be emplaced in dedicated package arrays. The package arrays for the
NNB SILW concrete drums in their dedicated vaults in the higher strength rock and lower
strength sedimentary rock designs are illustrated in Figures 32 and 33.

Figure 32 1 cubic metre concrete drums and 500 litre drums stacked in a
dedicated vault in a higher strength rock

3548-01-NDA
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Figure 33 1 cubic metre concrete drums and 500 litre drums stacked in a
dedicated vault in a lower strength sedimentary rock

3553-01-NDA

9.6.2 Evaporite rock

A dedicated SILW disposal vault of cross-section about 10.0m wide x 5.0m high will be
constructed for NNB SILW concrete drums in evaporite rock. Each vault will be 300m long.
Due to the stacker truck manoeuvring, the vault will have an effective length for disposal of
270m. There will be a requirement for five dedicated SILW vaults to dispose of the NNB
SILW concrete drums included in the Inventory.

For the evaporite rock design, NNB SILW concrete drum handling within the vault reception
area and vault will utilise a rail mounted stacker truck, the robotic arm will be positioned
above the NNB SILW concrete drum removal station to allow access for both the remotely
operated 80t rail mounted stacker truck which brings the transport overpack into the vault
reception area and the remotely operated rail mounted stacker truck used to emplace the
packages in the vault.

A traversable turntable between the unloading station and the shield door enables the rail
mounted stacker truck to be positioned facing the unloading station for extracting waste
packages from the transport overpack and then turn through 180 degrees to face the vault
for emplacement. The turntable can also traverse across the width of the vault reception
area so that it can align with the rails set in channels in the floor that are spaced to align
with the rows of packages in the vault.

An area for maintaining the rail mounted stacker truck will also be provided.

The package arrays for the NNB SILW concrete drums in their dedicated vaults in the
evaporite rock design are illustrated in Figure 34.
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Figure 34 1 cubic metre concrete drums and 500 litre drums stacked in an
illustrative dedicated vault in an evaporite rock

3559-01-NDA

9.7 RSILW container handling

The Inventory includes two variants of RSILW containers that will be delivered to the GDF,
as follows:

e 500 litre robust shielded drum:;
e 3 cubic metre robust shielded box.

These packages will be emplaced in a dedicated RSILW container vault. Similar to the
SILW/LLW wastes described earlier in this report, the rate of receipt of these packages at
the GDF will be low, therefore, they will be temporarily stored in a dedicated storage area
to allow emplacement to take place in campaigns.

The transport overpack containing RSILW containers will be routed to the SILW/LLW
package reception area for potential temporary storage and transfer to the dedicated
RSILW container vault as follows:

e drift or shaft transfer wagon terminates at SILW/LLW package reception area

o lift transport overpack from drift wagon using top ISO corner fittings and SILW/LLW
reception area crane (SWL 80t)

e place transport overpack containing RSILW containers in adjacent temporary
storage area

o lift transport overpack, using top ISO corner fittings and dedicated 80t manually-
operated stacker truck, and transfer to a dedicated RSILW container vault

Both variants of RSILW container will be emplaced in the same vaults, however the arrays
of the packages will be configured such that a 3 cubic metre robust shielded box is not
lifted over a 500 litre Robust Shielded Drum, to avoid potential incidents resulting from
dropping a heavier package onto the lighter variant.

The handling equipment used to emplace the packages in the vaults would be different in
the three host rocks; an overhead travelling crane is planned to be used in higher strength
rock and lower strength sedimentary rock and a rail mounted stacker is intended to be used
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in evaporite rock. However, there are a number of similar handling technologies and
operations that are employed in all geological environments and these are described
below.

For unloading operations of RSILW containers in a dedicated vault, it is assumed that a
dedicated 80t remotely operated stacker will place the transport overpack onto an
unloading station located at the front of the dedicated vault, known as the Vault Reception
Area. The Vault Reception Area will be enclosed by a containment screen and the stacker
truck will enter through a roller shutter door. The unloading station will be located beneath
the operating area of the dedicated RSILW vault crane, and the area separated from the
stacks of emplaced RSILW containers by a full package stack height shield wall with a
shield door above.

The transport overpack will be opened remotely in the vault reception area and a robotic
arm used to undertake the operations necessary to allow unloading of RSILW containers
from the transport overpack. To provide the necessary positional accuracy for the
operation of the robotic arm, the unloading station will incorporate location features to
accurately position the transport overpack. 500 litre robust shielded drums will be
unloaded from the transport frame, whilst still attached to the transport overpack. For 3
cubic metre robust shielded boxes, the robotic arm will be used to unlock tie-down
twistlocks. RSILW container handling will utilise the vault crane and direct vision of all of
the unloading operations will be provided through appropriate thickness shielding windows.

It is necessary to install an interlock system in the dedicated RSILW vault comprising two
containment barriers to reduce worker doses in worst case accidents in the vault reception
area and in the vault itself. These are illustrated on Drawing Numbers E/DRG/0041033,
E/DRG/0041083 and E/DRG/0041133, described as ‘Containment Screen & Roller Shutter
Door’ and ‘Shield Door’, respectively. The intention is to restrict person access in the vault
reception area during unloading and emplacement of both variants of RSILW container.
The shield door is intended to provide protection during maintenance operations in the
vault reception area.

The interlock system will ensure that the shield door remains closed, except for when a
package has been delivered to the vault reception area, the stacker truck has been
removed and the roller shutter door is closed. The shield door will remain open until all
RSILW containers in the vault reception area have been emplaced and the crane/rail
mounted stacker truck has returned to the vault reception area after which time it is then
closed again.

The roller shutter door will be interlocked to ensure it can only be opened when the shield
door is closed to allow access for the stacker truck carrying RSILW containers into the vault
reception area and during maintenance and other routine operations.

An alternative route for receipt of a 500 litre robust shielded drum is in a SWTC. The
means of unloading a 500 litre robust shielded drum from an SWTC and delivering it to the
RSILW vault are not specified. This could be achieved by unpacking the SWTC in the
UILW inlet cell and transfer to the RSILW vault via an additional or extended transfer
tunnel. Alternatively an SWTC could be transferred to the Vault Reception Area by the
same route as an overpack, using suitable lifting frames, and the Vault Reception Area
modified to provide a means of unpacking of the SWTC.

9.8 Emplacement of RSILW containers
9.8.1 Higher strength rock and lower strength sedimentary rock

A dedicated SILW disposal vault of cross-section about 16m wide x 12m high will be
constructed for RSILW containers in higher strength rock. Each vault will be 300m long.
Due to the stacker truck manoeuvring, the vault will have an effective length for disposal of
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277m. There would be a requirement for a single dedicated SILW vault to dispose of the
RSILW containers included in the Inventory.

A dedicated SILW disposal vault of cross-section 9.6m wide x 11.5m high will be
constructed for RSILW containers in the lower strength sedimentary rock design. Each
vault will be 300m long (Drawing E/DRG41085). Due to the stacker truck manoeuvring, the
vault will have an effective length for disposal of 277m. There will be a requirement for
three dedicated SILW vaults to dispose of the RSILW containers included in the Inventory
in a lower strength sedimentary rock.

RSILW container handling within the vault reception area and vault will utilise a crane and
direct vision of all of the unloading operations will be provided through appropriate
thickness shielding windows.

The crane maintenance area is required to be above the vault reception area and
incorporation of a walkway in this area to provide access for crane maintenance.

The unloading station will be located beneath the operating area of the crane as shown in
Drawing Number E/DRG/0041033.

It is assumed that to facilitate automated handling, a ‘stillage-type’ transport frame will be
used, incorporating a restraint mechanism to limit vertical movement. Drawing Numbers
E/DRG/0041033 and E/DRG/0041083 provide illustrations of the automated handling
arrangements to be provided at the vault reception area for removal of 500 litre robust
shielded drums in Type IP-2 configuration.

For 500 litre robust shielded drums in their Type B configuration, ie with shock absorbers
as shown in Drawing Numbers E/DRG/0041033 and E/DRG/0041083, will utilise the same
automated handling arrangements provided at the dedicated vault entrance for
emplacement in the Type IP-2 configuration.

To minimise tool change operations for the main RSILW vault crane, it is envisaged that
the lifting frames will be configured to mimic the bottom lifting feature of the RSILW
container and will be capable of lifting both the top shock absorber and the RSILW
containers.

The stack configurations, ie stack orientations and respective stack heights, considered in
the 3-high stack vault design for higher strength rock and lower strength sedimentary rock
designs are shown in Figures 35 and 36.
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Figure 35 500 litre robust shielded drums and 3 cubic metre robust shielded
boxes stacked in a higher strength rock dedicated vault

3547-01-NDA

Figure 36 500 litre robust shielded drums and 3 cubic metre robust shielded
boxes stacked in a lower strength sedimentary rock dedicated vault

3552-01-NDA

9.8.2 Evaporite rock

A dedicated RSILW disposal vault of cross-section about 10.0m wide x 5.0m high will be
constructed for RSILW containers in evaporite rock. Each vault will be 300m long. Due to
the stacker truck manoeuvring, the vault will have an effective length for disposal of 270m.
There will be a requirement for two dedicated SILW vaults to dispose of the RSILW
containers included in the Inventory.

For the evaporite rock design, RSILW container handling within the vault reception area
and vault will utilise a rail mounted stacker truck. The robotic manipulator will be positioned
above the RSILW container removal station to allow access for both the remotely operated
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80t stacker truck and the remotely operated rail mounted stacker truck used to emplace the
packages in the vault. Direct vision of all of the unloading operations will be provided
through appropriate thickness shielding windows.

A traversable turntable between the unloading station and the shield door enables the
remotely operated rail mounted stacker truck to be positioned facing the unloading station
for extracting packages from the transport overpack and then turn through 180 degrees to
face the vault for emplacement. The turntable can also traverse along the width of the
vault reception area so that it can align with the rails set in channels in the floor that are
spaced to align with the rows of packages in the vault.

An area for maintaining the rail mounted stacker truck is also provided.
The stack configurations, ie stack orientations and respective stack heights, considered in
the 2-high stack vault design for evaporite rock design are shown in Figures 37.

Figure 37 500 litre robust shielded drums and 3 cubic metre robust shielded
boxes stacked in an evaporite rock dedicated vault

3558-01-NDA
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10 HHGW Handling and Emplacement

The HHGW disposal area is currently assumed to consist of a series of disposal tunnels
connected by service tunnels for the disposal of HLW, Legacy SF, Pu, HEU, MOX and
NNB SF. The assumed method of excavation, dimensions and shape of the disposal
tunnels in each geological environment is different. The handling of HHGW packages
varies, dependent upon the host rock, as described in the sections below.

The characteristics of the host rock will determine the exact separation distance and the
length and size of the disposal tunnels. The spacing between disposal tunnels (rock pillar
size) has been determined by both geotechnical calculations [48] and thermal assessment.
The minimum pillar size in conjunction with the disposal container spacing was calculated
using empirical formulae and assumed rock characteristics and the thermal calculations
were then used to model the thermal characteristics of bounding case scenarios to ensure
that temperatures were within thermal targets; 100°C for higher strength rock, 125°C for
lower strength sedimentary rock, and 200°C for evaporite rock.

It should be emphasised that the description of the HHGW handling and emplacement is
deliberately high level at this stage and associated drawings are simplified. The aim is to
focus on the layout as, according to the existing programme, emplacement of HHGW
would not begin until 2075, by which point extensive experience of waste emplacement
processes should have been gained from other national programmes that are further
advanced with their facilities.

It is currently assumed that HHGW will be disposed of in cylindrical disposal containers.
For higher strength rock it is assumed that disposal containers will have a copper outer
shell (Variant 1). In lower strength sedimentary rock and evaporite rock, carbon steel
(variant 2) disposal containers will be used.

10.1 HHGW handling

10.1.1 Higher strength rock

In operation, disposal containers will be transported underground in a DCTC [7] to the
transfer hall where the shock absorbers would be removed from the DCTC.

The DCTC will be rotated to the vertical orientation using the trunnions on the body of the
DCTC and lowered into a cell in the transfer hall floor using the overhead crane (SWL 80t).
The lid will then be unbolted but not removed. The deposition machine will be located
above the cell, and the gamma gate tilted so that the shielded tube was orientated in a
vertical direction. The shielded tube will be lowered to a position where the bottom is
slightly above the DCTC, and the lid of the DCTC will be removed onto a rolling table. The
hoist on the deposition machine will be moved over the tube, and the hoist tool and the
docking device lowered and connected to the grapple unit of the disposal container. The
grapple unit will be disengaged from its recess inside the tube, and lowered through the
shielded tube, and the disposal container lifted from the DCTC into the shielded tube. The
shielded tube will then be elevated and tilted to the horizontal orientation. The operations
will be supervised with a CCTV camera inside the cell. The camera will also be used for
inspection of the disposal container and observation of possible damage. The empty
DCTC will be inspected internally for damage, and the lid re-fitted. The lid bolts will be
inserted and tightened, and the transport container lifted up from the cell, rotated back to
horizontal and located back onto the tie-down frame. The DCTC would be further
inspected for contamination, with inspection of the bolts, trunnions and general outer
surfaces. The shock absorbers would then be fitted, and the DCTC placed on a drift
wagon for return to the surface.
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A maintenance area will be required in the HHGW side of the facility to allow routine
maintenance and repair of the deposition machine.

10.1.2 Lower strength sedimentary rock

In the lower strength sedimentary rock generic design, the DCTC will be taken to a transfer
hall, where the shock absorbers will be removed and the DCTC transferred to a rail
mounted transfer wagon.

From here, the transfer wagon will be moved using a locomotive into the disposal tunnel
reception area. Two interlocking shield doors will be provided at the disposal tunnel
reception area, one at the entrance to the reception area and one at the entrance to the
disposal tunnel. With the inner door closed, the outer shield door will be opened, and the
emplacement trolley and its power unit will enter the reception area and be aligned with the
disposal tunnel. The locomotive and transfer wagon will enter the reception area on a
parallel track to that accommodating the emplacement trolley. Personnel will leave the
area and the outer shield door will be closed ready for the emplacement operation. The
process of transferring the disposal container from the transfer wagon onto the bentonite
blocks will then be undertaken. For this operation, the disposal container will be moved out
of its shielding, on the transfer wagon, horizontally onto the support bed, which will be fitted
with a side transfer capability to allow the disposal container to be moved onto the
bentonite support blocks located on the emplacement trolley. During this operation,
cameras mounted on the support bed will be used for identification of the disposal
container and observation of possible damage. The transfer of the container in the
disposal tunnel reception area is illustrated on Drawing Number E/DRG/0041089.

10.1.3 Evaporite rock

On arrival underground, the DCTC will be placed onto a rail vehicle at the base of the
emplacement shaft and taken to the transfer hall, where the shock absorbers will be
removed and the shielded container removed from the DCTC and transferred to a
deposition machine. From here, the deposition transfer machine will be moved into the
disposal tunnel reception area, on a parallel track to that accommodating the emplacement
trolley. Two interlocking shield doors will be provided at the reception area of the disposal
tunnels, one at the entrance to the reception area and one at the entrance to the tunnel.
With the inner door closed, the outer gate will be opened, and the disposal trolley and its
power unit will enter the reception area and be aligned with the disposal tunnel.

The process of transferring the container from its shielding directly onto the emplacement
trolley will then be undertaken. For this operation, the disposal container will be moved out
of its shielding, on the deposition transfer machine, horizontally onto the support bed, which
will be fitted with a side transfer capability to allow the disposal container to be moved onto
the emplacement trolley. During this operation, cameras mounted on the support bed will
be used for identification of the disposal container and observation of possible damage.
The transfer of the container in the disposal tunnel reception area will be similar to that for
the lower strength sedimentary rock design. The container will then be ready for
emplacement.

10.2 HHGW emplacement
10.2.1 Higher strength rock

The HHGW disposal area will consist of disposal tunnels designed for in-tunnel vertical
emplacement of individual disposal containers within deposition holes (Figure 38). Each
disposal tunnel is assumed to be single entry, and will be nominally 500m long and have
dimensions of 5.5m wide x 5.5m high [47]. There will be a 150mm thick concrete floor to
create a uniform base. Ten disposal tunnels will be grouped together to form a disposal
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area and it is currently assumed, based on the output of the thermal assessment, that a
19.5m wide rock pillar will separate the disposal tunnels.

The layout of the disposal tunnels together with their service tunnels will be rectangular in
shape. A series of deposition holes will be drilled along the line of each disposal tunnel.
These deposition holes will not be lined with concrete.

The service tunnels would have a ‘D’-shaped cross-section with an arched roof, and will
vary in cross-section from 5.5m wide x 5.5m high to 7.0m wide x 7.0m high.

Disposal containers will be emplaced in deposition holes spaced at 6.5m centres along the
disposal tunnels, with the exception of MOX containers which will be spaced at 9.5m
centres to manage the anticipated heat output. An 8% additional allowance of deposition
hole numbers is included at this stage to account for potential out of specification holes.
This may be reduced by better rock characterisation in the future.

A total of 310 disposal tunnels will be required to dispose of the Inventory of HHGW.
These are shown on Drawing Number E/DRG/0041026.

The deposition machine (Figure 38) will transport the disposal container directly to the
disposal tunnel. It will then be located in the correct position over the selected deposition
hole, which will be pre-loaded with bentonite blocks and rings before emplacement of the
disposal container (Figure 39).

Shielding would be lowered to the tunnel floor, and the disposal container will be tilted to
the vertical and lowered into the deposition hole. The disposal container will then be
lowered into the deposition hole lined with bentonite rings. A further three bentonite blocks
will be retained within the deposition machine for placement on top of the disposal
container. The deposition machine then returns to the transfer hall. After all of the
deposition holes in a disposal tunnel are filled, the disposal tunnels will be backfilled with
bentonite blocks. Bentonite pellet backfill will be used to fill all void space and a tunnel seal
will be constructed.

Figure 38 Deposition machine - higher strength rock

0843-04-NDA
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Figure 39 HHGW disposal tunnel: longitudinal section through the tunnel —
higher strength rock
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10.3 Lower strength sedimentary rock

The HHGW disposal area will consist of a series of disposal tunnels connected by service
tunnels from the drift for the disposal of HHGW containers. In the lower strength
sedimentary rock design, these disposal tunnels will be designed for the horizontal disposal
of individual disposal containers, placed on a layer of bentonite blocks (Figure 40). Itis
currently assumed that each disposal tunnel will be nominally 500m long and 2.5m in
diameter. However, the entrance to the disposal tunnel (first 30m) will be considerably
larger, 5.6m wide x 3.8m high, to allow for the transfer of the disposal container from the
DCTC onto bentonite blocks that will have been pre-placed onto an emplacement trolley.
There will be a concrete floor to provide a uniform base. The disposal tunnels will be
separated by rock pillars of 26m width.

A total of 341 disposal tunnels will be required to dispose of the Inventory of HHGW. The
underground layout is shown on Drawing Number E/DRG/0041076.

Following transfer to the emplacement trolley, the shield door to the disposal tunnel will be
opened and the emplacement trolley will transfer the disposal container and support blocks
to the required location in the disposal tunnel using a haulage system. The disposal
container and supporting bentonite blocks will be lowered as a unit to the floor of the
disposal tunnel and released from the trolley. The emplacement trolley will be withdrawn
back to the reception area, and the inner shield door closed. The empty DCTC will be
inspected internally for damage, before being returned to the transfer hall using the transfer
wagon and subsequent transfer to the drift wagon and delivery to the surface.

A mobile bentonite hopper will be delivered into the reception area; all personnel will leave
the reception area, and the outer gate will be closed. The inner door will be opened, and
the hopper will enter the tunnel, straddle the container and proceed to emplace pre-
compacted bentonite pellets around the previously emplaced disposal container on its
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bentonite plinth. Once complete, the hopper will be removed from the tunnel. The process
will be repeated after each disposal container, to provide progressive backfilling of the
disposal tunnel.

The disposal container placement cycle will be repeated until the disposal tunnel is filled
with disposal containers. It is assumed that each disposal container will be placed 3m
apart from the previous container.

Figure 40 Schematic of a HHGW disposal tunnel — lower strength sedimentary
rock

3556-01-NDA

10.4 Evaporite rock

The HHGW disposal area will consist of a series of disposal tunnels suitably connected by
service tunnels from the waste emplacement shaft for the disposal of HLW, SF, Pu and
HEU. These disposal tunnels will be designed for horizontal disposal of individual disposal
containers on the floor of the disposal tunnel. Each disposal tunnel is assumed to be
nominally 500m long x 3m wide x 3m high. However, the entrance to the disposal tunnel
(first 30m) will be larger (6.0m wide x 5.5m high), to accommodate the transfer of the
disposal container from the DCTC onto the disposal trolley. Each disposal tunnel will be
separated by a rock pillar of approximately 20m.

A total of 327 disposal tunnels will be required to dispose of the Inventory of HHGW.
These are shown on Drawing Number E/DRG/0041126.

Following transfer to the emplacement trolley in the disposal tunnel reception area, the
shield door to the disposal tunnel will be opened, and the emplacement trolley will transfer
the disposal container to the required location in the disposal tunnel using a haulage
system. The disposal container will be lowered to the floor of the disposal tunnel and
released from the trolley (Figure 41). The emplacement trolley will be withdrawn back to
the reception area, and the inner shield door closed. The empty shielding will be inspected
internally for damage, before being returned to the transfer hall by the deposition transfer
machine and subsequent transfer to the rail wagon and delivery to the surface via the shaft.

The area of the disposal tunnel around the disposal container will be filled with crushed
evaporite host rock, (from the surface rock crushing plant), immediately after placement of
the disposal container. The crushed rock will be transferred to a mobile hopper. The
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mobile hopper with a locomotive attached will be transferred to the reception area of the
disposal tunnel, and the outer shield door closed remotely.

The inner shield door will be opened and the mobile hopper detached from the locomotive
and moved to the far end of the disposal tunnel, over the disposal container that had just
been emplaced. The crushed evaporite rock will be discharged, to fill the area beyond the
disposal container, and will then be gradually withdrawn to fill the area all around the
disposal container.

The mobile hopper will then be withdrawn to the reception area, the inner shield door
closed and the hopper connected to the locomotive.

The outer shield door will then be opened, the locomotive and mobile hopper will be moved
and the next disposal container brought in to the reception area.

The above cycle will be repeated until the disposal tunnel is filled with disposal containers,
and crushed host rock fills the remaining voids. It is assumed that disposal containers will
be placed 3.0m from the previous container. Once all of the disposal containers have been
placed within a disposal tunnel, a tunnel seal will be constructed.
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Figure 41 Schematic of a HHGW disposal tunnel — evaporite rock
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11 Underground Facilities, Infrastructure and Services

In developing illustrative designs it is necessary to consider the infrastructure and services
required to support underground operations at the GDF. The following sub-sections detail
the provisions currently envisaged for the underground facilities in each geological
environment.

11.1 Underground facilities
11.1.1 Common services area

The underground facilities that will support the construction activities of the facility as well
as the disposal operations will be located in an area termed the ‘common services area’.
They will consist of a number of facilities, which are identified below.

11.1.2 Active area support facility

There will be a number of additional support facilities in the LHGW Active Area Support
Facility. A sampling laboratory will house equipment to allow necessary checks to be
made, such as radioactive concentrations within any collected groundwater. This will
sample the effluent contained in the Active Liquid Effluent Receipt and Dispatch Area prior
to its dispatch to the surface.

11.1.3 Active liquid effluent receipt and dispatch area

The Active Liquid Effluent Receipt and Dispatch Area will contain the collection tanks for
liquid effluents arising within the active areas, and the pumps and valves needed to
circulate and export the liquid to the bowser filling station located adjacent to the inlet cell
complex.

11.1.4 Workshops and storage

Workshops will provide an area where vehicle repair and maintenance could be
undertaken. This facility will be required for all phases of construction, operation and
closure. Workshops will also include a place for storage of materials and vehicle/plant
spares.

It is currently assumed that large construction items will be transported underground via the
drift (or waste emplacement shaft in the evaporite rock illustrative design). An area at the
base of the drift or shaft will be used to store these materials until required. Facilities will
be provided to check for any potential contamination of the transfer wagon and contents
before they enter the construction area.

11.1.5 Spoil bunker and crushing plant

A rock bunker facility will be constructed near the construction return shaft. This will act as
temporary surge storage for excavated rock, to regulate the feed to the shaft. The bunker
will also permit shaft downtime to be accommodated without the necessity to stop vault and
tunnel construction activities.

11.1.6 Personnel facilities

The personnel hall provides a rest area for construction staff during the shift, and will be
required for the duration of construction works. It will also provide a safe area with
additional refuge facilities in case of an emergency. The facility will require an electrical
supply, sanitary facilities, environmental monitoring equipment and an airlock. This facility
will be located off the primary service tunnel and close to the workshops/storage hall and
electrical sub-station. Separate facilities are provided for operational staff in the Active
Area Support Facility.
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A separate rescue room will contain a fire station and rescue facility as well as a safe
haven, if required.

11.1.7 Vehicle hall and garage

Vehicles used during the construction phase will be housed in a dedicated hall when not in
use. This hall will be located close to the drift or the waste emplacement shaft in the case
of the evaporite rock illustrative design, and will require a power supply for maintenance
work, a crane, lighting, vehicle recharging and workbenches.

This facility provides for free steered vehicle maintenance and repair. Typical requirements
will be electrical and mechanical workshops, cranes and jacking apparatus, vehicle-
washing bays and controlled collection of water run-off, and battery-charging area.

11.2 Ventilation systems

A summary of the ventilation design, and its requirements for the different disposal areas,
is provided below. More detailed information on the ventilation system for the GDF generic
designs is provided in [25]. The system must:

e ensure that the manned operational areas have an acceptable working environment,
commensurate with both nuclear and mining/construction requirements

o Segregate the emplacement ventilation circuit from the construction ventilation
circuit. This will include air lock/security doors between the two areas.

e Achieve suitable environmental conditions in the vaults and tunnels to maintain the
integrity of the waste packages for as long as necessary until they are backfilled. As
part of this, the ventilation system must also prevent the build-up of explosive gases
(such as hydrogen and methane) and radioactive gases (such as carbon-14, tritium
and radon).

e provide adequate ventilation flows for the activities, including the control of dust and
fumes that are generated

e provide suitable filtration

e ensure ventilation moves from areas of low potential for contamination to areas of
higher potential for contamination — the cascade principle

The segregation of the two underground ventilation circuits will be achieved by using all
four underground access routes (the drift and three shafts, or four shafts in evaporite rock)
as ventilation routes. In addition, the location of the construction and emplacement intakes
(the drift and emplacement intake shaft in evaporite rock) and construction and
emplacement return shafts will further ensure that intake air should not be contaminated
from exhaust sources. Prevailing wind factors and the location of potential fire sources will
be taken into consideration during positioning of the construction and emplacement air
intakes.

Intake fans are currently assumed to be installed in a ventilation hall close to the base of
the construction intake shaft, to draw air down the shaft and force the air into the
construction areas and to ensure that the construction areas remain at a positive pressure
relative to the waste emplacement areas. However in practice these fans may be located
on the surface. The waste disposal area ventilation will be supplied solely by the exhaust
fans at the top of the emplacement return shaft, keeping the whole area at a negative
pressure, relative to both the surface atmosphere and more importantly, the construction
areas. The pressure differential between the construction and emplacement ventilation
circuits plays an important role in maintaining segregation of air streams. It will also ensure
that under fan fault conditions the system will fail to safe, and that emplacement air could
not enter the construction side of the operations.
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The ventilation will play an important role in controlling the propagation of fires
underground. The ventilation design is based on good practice, and segregates the flows
to the construction and disposal sides of the facility. However, the effects of fires may
change the ventilation flow patterns, or may invoke an intended change to control an
incident.

11.2.1 Ventilation — LHGW disposal area

The air to ventilate the waste disposal areas will enter via the emplacement intake drift (or
via the shaft in the evaporite rock illustrative design) and flow through the manned areas
and into the vaults via ducted, filtered and damped systems, to allow control and monitoring
of the flows. The ventilation route into the UILW vaults will be via the transfer tunnel and
through the vault end wall below the crane maintenance area. This arrangement will
enable air flow velocities to be controlled in the transfer tunnel during emplacement
operations.

During disposal of UILW the majority of the air flow will enter the vault via a shielded
ventilation duct located at the end of the vault beneath the crane maintenance area.
Following completion of waste emplacement and fitting of the shielded roof plug in the
hatch, ventilation of the vault will be controlled completely by adjustable dampers within the
shielded ventilation duct. The air will be drawn out of the far end of each vault via shielded
ducting and through two sets of HEPA filters to remove any contaminated particles from the
air. This will make the exhaust air suitable for discharge along the disposal area return
roadways, ultimately, up the emplacement return shaft.

The SILW/LLW vault ventilation filters will be located in a common filter room and will be
permanently on-line. The filter room will be sited close to the far end of the module of
SILW/LLW vaults. The air will be drawn out of the far end of each vault, and along an
active ventilation duct to the filter room. It will then pass through two sets of HEPA filters,
to remove any contaminated particles from the air and to make the exhaust air suitable for
discharge to the surface. This air will enter the common disposal return roadways before
being drawn under negative pressure via the emplacement return shaft to the exhaust point
on the surface.

For the RSILW and NNB concrete drum SILW vaults, ventilation flow will remain
directionally the same as for all other LHGW vaults. Air that ventilates these vaults will
enter via the emplacement intake and flow into the vault reception area, via a filtered duct
located adjacent to the roller shutter door. The same ventilation ducting will be used to
control and condition the air entering the disposal area of the vault, located behind the
shield wall. In operation air will be drawn out of the far end of the vault(s), and along an
active ventilation duct within the roadway to the filter room. It will then pass through two
sets of HEPA filters, to remove any contaminated particles from the air and to make the
exhaust air suitable for discharge to the surface. Such a design ensures preferential air
flow within the GDF, with the direction of flow always towards areas of potentially greater
radiological risk (cascade principle).

The design of the ventilation system will allow progressive development of the disposal
facility with concurrent construction and waste disposal. Isolation will be achieved by
bulkheads or stoppings between the two separate ventilation circuits, which could be
moved to switch the ventilation of each newly commissioned vault to the waste
emplacement area circuit. The construction intake fans will allow the total flow to be varied
as necessary, but suitable regulation will be required to ensure that adequate flow will be
directed to the vault under excavation.

11.2.2 Waste temperature — LHGW temperature

Long-term increases in waste package temperature beyond the established target of 50°C
[11] can affect package corrosion and gas generation and equipment reliability. Therefore,
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the designs for operation will be established to ensure that the temperatures can be kept
below this level, so far as possible by passive means. As a general principle, temperature
will be minimised. This will also be included during the backfilling process, although short-
term excursions above 50°C would be acceptable during this period.

11.2.3 Ventilation —- HHGW disposal area

The disposal tunnels that will be used for the disposal of HHGW will be single entry and
ventilated using auxiliary methods. The use of auxiliary ventilation systems, where air is
forced into or exhausted from a single entry excavation, requires that a full ventilation
circuit is maintained at all times. It should be noted that auxiliary ventilation will be required
during both construction and operation of the disposal tunnels. Once the disposal tunnel
has been backfilled, there is no further need for ventilation.

11.2.4 Waste temperature - HHGW temperature

A maximum target temperature is defined for HHGW engineered barrier systems (EBSs) to
prevent excessive temperature from damaging the EBS materials. In particular, bentonite
can potentially suffer alteration and lose its swelling properties if subjected to high
temperatures over prolonged periods. Thermal convection (or water refluxing) resulting in
mineral dissolution and re-precipitation can also degrade buffer performance, especially if it
occurs before the buffer has re-saturated fully.

The temperature predicted in HHGW disposal tunnels has been assessed using rock
parameters, waste temperatures and rock pillar spacings to predict a likely temperature in
the waste and the engineered barrier system. The outputs were used to ensure that the
rock pillar spacing was suitable to ensure that the maximum target temperature for the EBS
were appropriate for each geological environment.

For a higher strength rock, based on the Swedish KBS-3V concept and taking into
consideration appropriate cooling periods, deposition hole spacing of 6.5m (centre to
centre) and disposal tunnels with rock pillar separation of 19.5m would enable
temperatures at the buffer interface with the waste package to be maintained below a
100°C target [11]. Due to the heat generated by MOX SF, these containers will be placed
in deposition holes at intervals of 9.5m centre to centre.

For a lower strength sedimentary rock, a temperature limit mid-way through the buffer
within the disposal tunnels of 125°C has been adopted, based on the Nagra concept, as
described in the Summary Overview [49]. The tunnel rock pillar spacing of 26.0m has
been adopted in the design based on the geotechnical assessment and thermal
assessment confirming that this maximum target temperature will not be exceeded using
this rock pillar spacing.

The target temperature for the evaporite rock illustrative design was based on the
Gorleben, German concept. In the case of the design that is proposed, the backfill will
comprise crushed host rock, which, under pressure and assisted by heat generated by the
waste, will help the backfill material creep over time, with similar properties to the
surrounding, undisturbed rock. The spacing between the disposal tunnels will be
approximately 20m, based on the geotechnical assessment work [48] with the thermal
assessment confirming that this interval would result in the maximum target temperature
limit for the HHGW waste of 200°C being achieved.

11.3 Underground groundwater management during operation

The design of drainage systems for the underground areas will allow progressive
development of the disposal facility with concurrent construction and waste emplacement.
As the underground facility is developed the disposal areas (vaults and disposal tunnels)
will progressively be transferred from the construction drainage circuit to the active effluent
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drainage circuit, by appropriate diversion and sealing. Liquid effluent from the active
effluent drainage circuit, which will include all of the underground radiologically controlled
areas (including the operational vaults and disposal tunnels), will be collected from various
locations throughout the underground facility, including sumps located at disposal vault and
tunnel entrances. This effluent will be transferred to the active liquid effluent receipt and
dispatch area within the underground UILW emplacement support facilities. From there, it
will be brought to the surface by bowser for treatment in the active liquid effluent treatment
facility.

Water from the construction activities or from entering the facility via the drift or shafts will
be collected at the base of those facilities in a sump. The water collected here will be
pumped via the construction intake shaft to the water dispatch facility at the surface. It is
unlikely that the GDF will be constructed in a geological formation likely to result in inflow of
significant quantities of groundwater such to cause a concern to construction and operation
activities. However, in a higher strength rock, some groundwater should be expected with
minimal groundwater anticipated in a lower strength sedimentary rock environment. It is
reasonable to assume that groundwater would not be present in significant quantities within
an evaporite rock formation.

11.4 Electrical power supplies

A secure electrical power supply and distribution system will be essential for the GDF in
order to maintain continuity of operational activities while ensuring plant and personnel
safety and security.

To achieve the required level of supply security and redundancy, the design principal
implemented focuses on the duplication of both the electrical substation equipment and of
the power cabling. This principle will be implemented throughout the site, from the
distribution network operator (DNO) in-feed to the site through to the individual load points
within the GDF, wherever possible. In this manner, each item classed as an essential load
will be provided with two separate normal supplies, constituting a firm supply as shown in
Figure 42.

Figure 42 Electrical infrastructure

DNO In-feed DNO In-feed

Circuit 1 Circuit 2
1-A 2-A
1-B 2-B

Backup Backup
Generator Generator
Waste Construction
Emplacement Areas

Above ground

Below ground

Waste Construction
Emplacement Areas

DNO = Distribution Network Operator
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In addition to the duplication of equipment, the security of supply will be further supported
by utilising duplication and separation of the power cabling. Wherever possible, each
supply cable will follow a physically different route, so that in the event of an incident those
results in the damage of one supply cable it would be unlikely to affect the other supply.
Where physical separation is not possible, then alternative methods such as fire barriers
and cable protection systems would be utilised.

The general basis of design is that the GDF will be considered as two distinct working
areas, these being the waste emplacement and construction areas. In this way, the
electrical power systems for each facility will be of a similar design and also allow cross-
connection to further support the required supply reliability and availability.

Two independent firm supplies will be taken from the DNO network as the in-feeds to the
GDF. Each of these supplies will be capable on its own of providing all the electrical power
required by the entire GDF.

These firm supplies will feed two surface substations, one substation located within the
operational area and a second substation within the construction area. Each of the surface
substations will include dedicated diesel generators, suitably sized to maintain the GDF
essential load in the event of total loss of the DNO supply. In the event of the failure of
both the on-site dedicated generators, either generators stored on site or generators
supplied by a third party and stored off-site will be used. The Assessment of the Current
GDF to Withstand Loss of Off-Site Power study [34] recommended that the GDF design
incorporates an on-site back-up generator supply of up to 12 generator sets and associated
fuel tanks. The two surface substations will supply power to two underground substations,
one in the emplacement area and the second in the construction area. Two independent
and physically separated cables from the surface substations will feed each of the
underground substations. These cables will be routed via the emplacement intake and
emplacement return shaft for the waste operational activities and via the construction
intake and return shafts for the construction activities.

The underground substations will also have the capability to cross-connect in the event of
loss of supply from one of the surface substations. Other local underground substations
consisting of transformers and motor control centres will be established for major load
items, such as pumping and ventilation/dehumidification plants, in addition to those for
disposal and construction activities.

A separate substation will be established approximately halfway along the drift. This will
consist of transformers and switchboards for general power associated with drift
construction/maintenance activities and general supplies.

It is estimated that the total power demand for the GDF will be in the region of 20MVA at
full operational load. The essential load, as supported by the dedicated diesel generators,
is estimated to be in the region of 5.5MVA.

This design of duplication of the power supply mitigates against the consequences from
loss of power over a range of timescales and demonstrates the resilience of the GDF to
prolonged loss of power incidents.

11.5 Fire prevention, detection and suppression
11.5.1 Fire prevention

In order to minimise the risk of fire, it is necessary to ensure that the specifications for the
facilities and equipment include, as appropriate, the requirements for fire-resistant or non-
flammable materials to be included in their construction. Where this is not practicable, then
the materials used would need to be assessed in terms of flammability, location of use,
generation of noxious or toxic fumes in combustion, and the quantity and accumulation of
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these materials. This assessment would include consideration of the potential impact of
the use of flammable liquids such as diesel fuel, oils used in hydraulic systems and
lubricants.

Every effort will be made to use non-flammable or limited flammability materials which will
also ensure compliance with the ONR Safety Assessment Principles. As part of the
detailed design process, reduction of the potential for fire severity and duration within the
GDF by adoption of fire prevention measures in design will be considered in detail,
including the selection of flame-resistant materials, minimisation of combustibles and
control of ignition sources where possible. Control will be exercised over the use and
volume of flammable materials throughout the disposal facility, including careful
segregation of flammable materials from waste-handling and transfer routes.

11.5.2 Fire detection

Fire detection options for the operational facility have been reviewed in detail in the GDF
Fire Suppression and Consequence Management Study [50] and advice provided
regarding technologies that may be available for the construction areas. The prime
candidate detection technology to be used for general coverage of the operational areas is
considered to be video imaging detection. Although the existing design standards are
limited, UK suppliers have a track record for its use in road tunnel protection. Itis
anticipated that this will be a mature technology by the time the GDF detailed design and
construction commences. Other specific detection technologies will be adopted for specific
hazards in areas, for example, where flammable materials or electrical equipment are
located.

With respect to the construction areas of the GDF, detection using Metal Oxide Sensors
(MOS) and neural networks to discriminate between fire and diesel fumes are currently
being trialled and again are likely to be a candidate technology by the time of GDF
construction. Air sampling systems using dust filters are also proven for use in mines and
may be used in construction areas.

The precise nature of the fire detection technologies to be adopted in both construction and
operational areas of the GDF will be developed as the detailed design progresses.

11.5.3 Fire suppression

Fire suppression options for the operational facility have been reviewed in detail in the GDF
Fire Suppression and Consequence Management Study. Whilst it will be possible in many
instances to reduce the potential for fire spread and severity by selection of materials, this
alone does not achieve defence in depth or reduce the risk of fire to as low as reasonably
practicable (ALARP) and there is always the potential for unforeseen fires originating from
materials or equipment. Any fires in tunnels and vaults are expected to be primarily of
electrical origin, vehicles, cables, crane festoons etc., which may still produce significant
amounts of smoke even if selected to have reduced fire propagation characteristics.
Currently the largest foreseeable scenario is a fire involving tyres on large loading vehicles
for which measures will require to be taken to mitigate the risk, eg by the use of flame
retardant tyre materials.

General area coverage of the facility will be provided as well as suppression coverage of
specific fire hazards. For general area coverage, a water based system is the principal
candidate using pre-action sprinklers. Due to the high ventilation flow rates a high velocity
sprinkler or water spray system is proposed that is zoned and manually activated on
confirmation of fire through fire imaging technology such as video imaging detection. In an
evaporite rock, it may be possible to use a water mist fire suppression system, which would
introduce less water to the rock and reduce the risk of dissolution. For specific hazards
hypoxic systems, water mist and gaseous suppression agents are likely candidates. On-
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board suppression systems for vehicles and specific higher hazard plant items will be
adopted.

The likelihood of fires developing from smaller fires could be reduced by consideration of
component layout. A fundamental design objective for the GDF is to minimise the potential
for fire to occur and if it does to limit the fire size and duration. The fire performance of
materials involved in the construction of the facility including vehicles and equipment used
within it can have a significant effect upon the nature of the fire hazard. The selection of
materials should be undertaken considering such criteria as the inherent combustibility of
the materials of construction, susceptibility to rapid spread of flame, and toxicity of
combustion products.

The feasibility of providing fire compartmentation underground in the GDF has been
investigated and it is considered to be possible both within the operational side and parts of
the construction side where there are to be fixed facilities. The recommended fire
resistance periods for the various areas of the GDF have been based as a minimum on a
60 minute fire resistance period with some areas designed to have greater periods of fire
resistance. The periods of fire resistance proposed are initial recommended values and
are expected to be confirmed or adjusted as the design progresses.

The design of the shaft and other high priority infrastructure such as the sub-stations and
pumping stations will include fire compartmentation as recommended in the fire
suppression study [50] to ensure an increased fire resistance of this essential infrastructure
and personnel safety.

The ventilation system will play an important role in controlling the propagation of fires
underground. It is also recognised that a fire may disrupt the normal ventilation flows. The
ventilation system for construction and disposal areas will be segregated and provided by
two discrete systems, and a fire affecting one system should not disrupt the other.

Other facilities and precautions to manage fire safety will include the following:

e surface, fire and rescue station — serving both the surface and underground
facilities, this will be a combination of a civilian fire station and a mines rescue
station

e underground fire-fighting stations — two such facilities will be provided, one serving
the construction area and the other the disposal area

e Fire-fighting system — the fire water supply to the GDF will comprise duplicate,
pressurised water mains with an emergency storage supply at the surface. Fire
ranges will be sited in the ventilation intake roadways at suitable intervals and other
locations of greatest fire risk.

e portable or equipment-mounted fire extinguishers — these will be a combination of
dry powder, carbon dioxide, foam or water sited at strategic locations, eg electrical
substations and plant rooms

o fire-fighting and rescue plan — this will be prepared to show the position of all
ranges, hydrants, valves, fire stations and fire points

11.6 Emergency preparedness

The evacuation of the underground facilities may be required in the event of emergency
situations, such as:

o fire
e inrush
¢ significant rockfall
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A fire compartmentation scheme has been proposed that will aid the safe evacuation of
personnel below ground by reducing travel distance to a place of relative safety such as a
safe haven or a protected corridor. It is recognised that travel distances below ground in
the GDF can be large and therefore it may be necessary for personnel to make progressive
escape to finally reach the surface or in some cases, although not preferable, to remain in
a place of relative safety until a rescue team arrives. In order to fulfil both of these
requirements, the location of sealed self-supporting safe havens will be developed in
conjunction with the provision of compartmentation fire suppression and suitable ventilation
and smoke control as well as the supply to all personnel of self-rescue sets has been
proposed.

Compartmentation, fire suppression and smoke control options will be designed to work
together to provide overall satisfactory fire protection arrangements within the GDF.

Response plans including firefighting will be developed with the local emergency services
and regular, joint exercises will be held to test the efficiency of these plans.

It is possible that an inrush (a sudden, unexpected inflow into the GDF having the potential
to expose persons to danger) could occur in the facility. An inrush can be associated with
gas, water or a material that is likely to flow when wet. The potential for such an inrush to
occur is likely to be greatest during the construction phase, particularly in the early stages
of drift and shaft construction. Best practice is to adequately research the geological
environment through which excavations will be made and past mining history. In addition
to those researches, it is usual to drill in advance of the heading, taking appropriate
precautions such as blowout prevention and injecting grout to reduce flow and assist with
groundwater management. This best practice will be adopted throughout the construction
process for the purposes of advancing all excavations.

It is also possible that a rockfall may occur in the facility, particularly during construction, or
if there is a failure of the installed support. Itis assumed that procedures will have been
developed to reduce injury as far as reasonably practical, in the event that a rockfall
occurred during construction. Should a rockfall occur in a part of the facility where rock
support has failed, there is a potential for access to be restricted or blocked entirely. If this
occurs in a service tunnel, there would be an alternative means of egress. If a rockfall
blocks a single entry excavation, there will be emergency procedures in place to affect a
safe recovery of those personnel trapped by the rockfall.

Separate evacuation plans will be required for both the construction and emplacement
areas of the GDF. However, both evacuation plans will need to be complementary as it
should be possible to escape from the construction area to the emplacement area and vice
versa.

11.7 Control systems

Systems will provide for the control of systems and equipment performing operations
throughout the GDF. They will allow local and remote control of equipment, monitoring of
plant status, and acquisition of data from various instrument systems, and will provide
records of operational performance.

The long-term aim will be to enable all the main disposal activities to be controlled and
monitored from the central control room on the surface. However, more complex
operations such as those within the inlet cells will be likely at times to require local
operation, with direct operator viewing through windows to identify and rectify problems and
help in maintenance work. Also, the operations will be controlled locally during
commissioning and during initial operation until confidence in remote operation is gained.
These system requirements will be reflected in the philosophy to provide the options to
control underground operations from local control stations, the underground control room or
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the surface central control room. To support this approach, appropriate standards of
lighting will be provided throughout the GDF to ensure all necessary operational,
maintenance, inspection and testing activities can be safely undertaken.

The control system will include a number of safety circuits. These must be independent of
normal control circuits. As these safety circuits and also other elements of the control
system will be classified ‘essential’ for the safety of the plant, the entire control system will
be powered from a battery-back-up electrical system.

The control system will interface with a number of other systems. One such system, the
inventory tracking system, will pass information to and receive information from the control
system, to ensure correct disposal records for every single waste package. The control
system will also interface with other essential systems such as ventilation and fire
detection, providing the necessary indication of status and alarms. The electronic control
systems will be commensurate with established nuclear industry standards.
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12 Backfilling, Sealing, Closure and Decommissioning
The key activities to be considered during the closure phase are:

e backfilling and sealing of disposal areas
e backfilling and sealing of access tunnels, shafts and boreholes

e removal and decommissioning of surface buildings and installations and site
restoration

e institutional control

The decision on when to close the facility after all of the waste has been placed
underground for final disposal will take the views of the local community into consideration.
This will allow the local community to have an input into whether the facility may stay open
for an additional period or the nature of the end state of the site. An assessment of the
potential impacts of carrying out closure operations will be undertaken to optimise the
process, taking account of the outcomes of discussions with the regulators and the local
community. The exact condition of the surface site at the end of closure operations will
also need to be agreed through consultation with Government, regulators and the local
community.

The backfill materials will comprise Nirex Reference Vault Backfill (NRVB), cementitious
grout, bentonite and crushed host rock to provide a post-closure safety function and will be
selected based on the host geological environment. Quality control of backfill materials will
be undertaken at source and again on site, prior to being taken underground. Most
designs envisage this occurring in a stepwise manner with disposal tunnels/vaults being
backfilled and sealed as soon as they are full, then emplacement modules will be sealed as
they are filled and finally the entire disposal facility sealed when all waste has been
emplaced. However due to the properties of the different geological environments, the
underpinning disposal concept and waste type (LHGW or HHGW), backfilling could occur
at different stages in the programme ie either during the operational phase whilst waste is
being emplaced in other disposal vaults and tunnels or during the closure phase. Such a
process focuses on minimisation of potential degradation of both engineered barriers and
the host rock due to the rock-mechanical, hydrogeological and geochemical perturbations
caused by openings at depth. This approach aims to reduce risks to operators associated
with upkeep and monitoring, and also environmental impacts associated with spoil
management and potential long-term drainage. However, early backfilling could cause
potential conflicts with the desire to maintain ease of retrieval. There are significant
benefits associated with prompt backfilling of disposal areas, when compared with deferred
backfilling. The main advantages associated with prompt backfilling are; more predictability
in the disposal system, less likelihood of a fault occurring, lower dose implications for
operators and potentially lower cost. There are potential issues associated with prompt
backfilling including increased temperature caused by curing of cementitious backfill
materials and associated gas generation, which due to earlier backfilling will have
increased activity and could cause potential conflicts with the desire to maintain ease of
retrieval. Such trade-offs can only be sensibly assessed on a site-specific basis and in full
consultation with all stakeholders.
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12.1 Disposal vault and tunnel backfilling during operational phase
12.1.1 LHGW disposal vaults - Lower strength sedimentary rock

It is currently assumed that in the illustrative design in a lower strength sedimentary rock,
the disposal vaults would be backfilled and sealed using cementitious grout, in two
elements:

e local backfill, to fill the space around and in the immediate vicinity of the packages

e peripheral backfill, to fill the void between the waste stacks and the disposal vault
walls and ends

A designated underground area (central batching and mixing area) would be required for
the wet mixing of the cementitious grout from first waste disposal, as each LHGW disposal
vault would be backfilled on completion of waste emplacement. The dry backfill materials
would be delivered to the site and temporarily held in silos on the surface. These materials
would then be pneumatically transferred via the construction intake shaft, as required, to
the central batching and mixing area. The backfill batching area would be sited on the
operational side of the disposal facility, and would comprise a series of silos for the storage
of the dry backfill components. The components would be blended in this area and then
transferred to a mixing area located closer to the disposal vaults. A grout-mixing area
would be available, servicing each module.

Quality control would be exercised on the production of the backfill, and if any material
were deemed unsuitable it would be collected by a mobile silo in the construction return
roadway for recovery and removal. This could be carried out underground or, alternatively,
the material could be recovered and dealt with at the surface.

It is assumed that a backfill ratio® of approximately 1:1 is achieved to meet the
requirements of the DSS. It is also assumed that the crown space above the waste is
backfilled. Itis assumed that backfilling would take place progressively on completion of
waste emplacement in each vault, using grout injected through pre-installed pipes
suspended from the disposal vault roof and sidewalls (Figure 43).

5 The backfill ratio is the volume of backfill to the volume of conditioned waste.
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Figure 43 Disposal vault backfill arrangements for lower strength sedimentary
rock

2657-03-NDA

12.1.2 LHGW disposal vaults - Evaporite rock

Chemical conditioning of the waste packages is currently envisaged. This is undertaken by
placing bags of magnesium oxide (MgO) on top of each stack of waste packages. These
will be placed on top of waste packages as each array is placed. The MgO buffer will be
stored at the surface and transported underground via the construction intake in
campaigns. An underground temporary store will be required to store the MgO buffer prior
to it being taken into the disposal vaults.

In the illustrative design for evaporite rock, it is currently proposed that no backfilling will be
required within the disposal vaults. Following emplacement of the waste packages, the
vaults would be sealed, as described in Section 12.3. The illustrative design is based on
natural creep eventually closing the excavations over time. However, in the case of thinner
evaporite formations, crushed salt may be used to minimise the local perturbations
resulting from such creep.

12.1.3 HHGW disposal tunnels

When all the deposition holes in a disposal tunnel have been filled, the disposal tunnels
would be backfilled with pre-compacted bentonite blocks. The remaining space between
the stack of bentonite blocks and the vault walls would be backfilled with bentonite pellets.
These pellets would be air blown into the remaining gaps in stages as the backfilling
progresses along the tunnel, based on the Swedish Nuclear Fuel and Waste Management
Company (SKB) concept described in [51].

Disposal tunnels will be progressively backfilled as part of the disposal process with pre-
compacted bentonite pellets in the lower strength sedimentary rock illustrative design.

Disposal tunnels will be progressively backfilled as part of the disposal process with
crushed host rock in the evaporite rock illustrative design.
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12.2 Disposal vault and tunnel backfilling during closure phase
12.2.1 LHGW disposal vaults - higher strength rock

Following emplacement of waste within a LHGW disposal vault, it will be backfilled and
sealed using Nirex reference vault backfill (NRVB), a cement-based material. Although
there is only one backfill type to be used, there are two elements:

e local backfill, to fill the space around and in the immediate vicinity of the packages

e peripheral backfill, to fill the void between the waste stacks and walls and ends of
the disposal vaults

Some initial peripheral backfill, manufactured using temporary facilities, will be placed
during vault construction (eg a layer beneath the load-bearing floor). The dry backfill
materials will be delivered to the surface site, as required, and temporarily held in silos on
the surface. The separate materials would be transferred underground to a central
batching and mixing area. This backfill batching area will be sited on the emplacement
side of the disposal facility, and will comprise a series of silos for the storage of the dry
backfill components. The components will be blended in this area and then transferred to
the mixers within the backfill galleries.

Backfill galleries will be sited above the vaults, and one gallery will be used for backfilling
two vaults (Figure 44). Backfill galleries will be 3.0m wide x 3.0m high and contain the
mixers and boreholes connected to grout hoppers located on the disposal vault walls that
will direct the grout into the vault via vertical perforated pipes along the vault walls. This
process will be undertaken once all the waste has been emplaced.

It is assumed that a backfill ratio of approximately 1:1 is achieved. The backfill provides a
post-closure safety function as outlined in the Technical Background and the ratio is
derived based on the waste inventory to be emplaced. It is also assumed that the crown
space above the waste is backfilled. Backfilling would take place in a single campaign after
final waste emplacement.

Figure 44 Disposal vault backfill galleries cross-section
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12.3 Sealing strategy

The sealing strategy for the GDF is described in the sections below. Work is continuing on
the European Commission (EC) DOPAS project in which RWM are active participants. The
project aims to assess the feasibility of constructing repository plugs and seals using
industrial scale trials. It aims to measure and analyse their characteristics and assess how
their performance might change over time in repository conditions - particularly their
hydraulic performance with respect to safety objectives.

Seals would be constructed at specific locations throughout the GDF. Each LHGW
disposal vault would be sealed at each end and each HHGW disposal tunnel would be
sealed at its entrance. Seals would be constructed at specific locations in service tunnels
that provide access to the disposal vaults and tunnels eg to isolate modules as well as
having regard to locations where strata of higher permeability has been intersected. Care
would be taken in relation to the excavation of those areas where seals were planned, in
order to optimise seal construction and performance. Seals would be constructed where
the shafts and drift intersect the facility horizon with additional seals constructed at
locations in each access route between the facility horizon and surface. Each access route
would be sealed at surface and the location marked and recorded. Mass backfill material
placed between the seals would be geological environment specific.

12.3.1 Higher strength rock

In addition to being placed at each end of disposal vaults and entrance to disposal tunnels,
low-permeability seals consisting of compacted bentonite retained by a concrete structure
would be constructed to isolate vault modules, disposal areas, shafts and the drift. To
optimise the efficiency of sealing, the cross-sectional area of entrances / exits would be
kept to the minimum practicable for construction, ventilation and operation.

Sufficient space would be provided to enable construction of each low-permeability seal, in
areas of the host rock which have been characterised as having a low permeability. Seals
would be constructed to a standard to maintain a permeability performance at least as low
as the host rock in which the seal is constructed to minimise radionuclide movement
through the EDZ.

12.3.2 Lower strength sedimentary rock

The disposal facility is expected to be constructed in a low-permeability environment.
However, each HHGW disposal tunnel would be sealed at one end with highly compacted
bentonite and a concrete bulkhead. A shield door would provide a seal at the tunnel
entrance. A seal would be constructed across the end of the disposal tunnel reception
area and the intervening area in-filled.

Seals would retain backfill materials within the disposal vaults and tunnels and also
minimise the potential for radionuclide migration in the long term. To optimise efficiency of
sealing, the exact location of the seals would be tailored to each vault / tunnel and the
cross-sectional area of entrances/exits would be kept to the minimum practicable for
construction, ventilation and operation.

Each SILW/LLW disposal vault would be sealed at each end, and similar seals would be
placed in the tunnels that provide access to each LHGW disposal module. This type of
seal would also be constructed at the exit end of a UILW vault. The seal at the UILW vault
entrance would be provided by the existing shield door.

Additionally, low-permeability seals (a 40m length of highly compacted bentonite retained
by a concrete structure) would be placed in the main disposal facility accesses (shafts and
drift) at the facility horizon. Backfill material would then be placed to fill any void space.
The final design of the sealing system would take account of the layout and geological
environment, and the provision of additional seals would be considered where, for
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example, the access intersects a higher-permeability stratum. Seals would be constructed
to a standard to maintain a permeability performance at least as low as the host rock in
which the seal is constructed and to also minimise radionuclide transmission through the
EDZ.

12.3.3 Evaporite rock

Other than in the LHGW disposal vaults, all other underground excavations, including
HHGW disposal tunnels would be backfilled with crushed host rock between seals and then
sealed off by construction of a rigid concrete wall. There would be a rigid concrete wall
with contact grouting around the concrete component as required. The disposal tunnel
reception area and service tunnels associated with the disposal of HHGW would be in-filled
with crushed rock salt, with periodic placement of tunnel seals. A tunnel seal is likely to
comprise 0.5-1.0m of formwork, 15-30m apart, and in-filled with concrete.

To optimise the efficiency of sealing, the cross-sectional area of entrances and exits would
be kept to a minimum practicable for construction, ventilation and operation. Seals are
installed to isolate and prevent access to vaults. They also minimise the potential for
radionuclide migration for some long term scenarios (eg brine displacement by generated
gas).

The shafts would be in-filled in one of two ways. One option, as proposed at the WIPP
facility in the USA, is to construct a seal at the base of each shaft using salt-saturated
concrete, with the monolith being sufficiently large enough to fill the shaft inset. The
remainder of the fill would be various layers of compacted clay, crushed salt and asphalt
water stops with concrete plugs above and below. The top 160m would be compacted rock
fill. A second option would be to in-fill the shafts using multi-component seals comprising
salt concrete and bitumen, as at Gorleben in Germany. The final design of the sealing
system would take account of the layout and geological environment, and additional seals
may need to be provided.

12.4 Closure and decommissioning

At the time of closure, the disposal vaults and tunnels will already have been sealed and
backfilled, and it will only be necessary to progressively backfill the remaining tunnels,
facilities (workshops, etc.), shafts and drift. A full breakdown of the backfill quantities is
given in Appendix F.

The remaining underground facilities will be backfilled with mass backfill, which will vary
according the host rock in order to as far as reasonably practicable, restore the natural
conditions of the host rock. In the higher strength rock, the mass backfill would comprise
crushed rock, whereas in a lower strength sedimentary rock mass backfill would comprise
sand (70%) and bentonite (30%). In the evaporite rock design, the mass backfill would
comprise crushed evaporite rock which has been imported to site.

The closure operations will be undertaken in such a way as to provide the necessary post-
closure safety functions. The environment that exists within the GDF upon closure (the
initial state) will provide the basis for modelling of the GDF’s evolution in the post-closure
phase.

The surface facilities will be decommissioned, stripped of engineering equipment and
demolished. The surface environment will be remediated and landscaped to the end state
agreed with the Government, regulators and the local community. Monitoring of the
closure operation and the environment will continue throughout the closure phase. For
planning purposes, a notional period of 10 years has been included, during which time
backfilling, sealing and closure will be implemented.
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Monitoring of the closure operation and the environment will continue throughout the
closure phase (see Section 13). Records from the GDF will be placed in a national archive
for use as required by future generations. Any physical marking of the site that might be
required by the Government, regulators or in an agreement with the local community will be
undertaken.

Following closure, the facility will be the responsibility of the authority charged with
institutional control. A period of post-closure monitoring could be undertaken by that
authority.
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13 Monitoring

At each stage in GDF development a wide range of parameters could be monitored to track
performance of the disposal facility and its effects on the surrounding environment.
Monitoring could: be used to support the development of safety cases by contributing to the
understanding of system behaviour; provide assurance of safety by checking
implementation conforms to safety case arguments and assumptions; and be used to
demonstrate compliance with regulatory requirements and conditions. In this way,
monitoring can support decision making, help to build confidence in geological disposal and
contribute to enhancement of the disposal system.

In the UK, options for monitoring have been considered previously [52] and the context for
monitoring has been established [53]. However, monitoring specifications have only been
developed for specific parts of a disposal system, such as radiological monitoring [54],
monitoring of ILW and LLW vaults during operations [55], and post-closure monitoring
[56,57]. Further development of the monitoring programme will need to respond to
engagement with regulators and local public stakeholders once potential geological
disposal facility sites have been identified A framework for addressing outstanding gaps is
provided by a monitoring programme specification [58], which outlines a strategy for
developing a detailed monitoring programme and identifies the current understanding of
monitoring requirements, parameters and techniques based on a series of monitoring sub-
programmes (Figure 45).
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Figure 45 The framework for addressing further development of RWM’s
monitoring programme.
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In parallel with UK work, international collaborative projects have established the principles
and objectives of monitoring. These include the publication of an International Atomic
Energy Agency (IAEA) technical document on monitoring of GDFs [59], and a European
Thematic Network (ETN) that considered the role of monitoring in a phased approach to
geological disposal of radioactive waste [60]. The IAEA recognises the importance of
monitoring within the life cycle of the GDF, and emphasises the importance of baseline
monitoring and contingency plans to address unexpected or abnormal system behaviour.
The guidance also includes the principle that the GDF should be designed to be intrinsically
and passively safe during the post-closure period, with no further actions required from
future generations, and in particular, that long-term safety should not rely on monitoring.

In terms of disposal system performance, development of the RWM monitoring programme
will build on lessons learned from the EC MoDeRn Project, in which RWM was a partner
and the on-going Modern2020, in which RWM is also a partner. The structured approach
developed in the MoDeRn project (the MoDeRn Monitoring Workflow) and an
understanding of technical feasibility and stakeholder involvement, have been used in
developing the monitoring programme specification, as illustrated in Figure 46.
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Figure 46 The MoDeRn monitoring workflow and an analysis of the current
progress in defining the RWM monitoring programme
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In terms of environmental monitoring, RWM is collaborating with other European waste
management organisations to establish a reference framework for long-term environmental
monitoring and testing at potential geological disposal sites. This work is being carried out
under the auspices of the European ‘Implementing Geological Disposal — Technology
Platform’ (IGD-TP).

As can be seen from Figure 46, the monitoring programme will commence with the
collection of data and information to support the establishment of baseline conditions. The
monitoring programme will then evolve as monitoring is conducted during construction and
throughout on-going construction, operation and closure activities. Any extension of the
monitoring programme into the post-closure period will depend on decisions taken by future
generations. A summary of the activities during each stage is provided below, focusing on
monitoring associated with disposal system performance.
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13.1 Baseline monitoring

Prior to constructing the GDF, the monitoring programme will commence with the collection
of baseline monitoring information. This will provide a baseline against which future
change can be measured. Many of the monitoring systems established during this period
are likely to run throughout the remaining duration of the project, to track geological,
hydrogeological and environmental change and to help assess the performance of
mitigation and enhancement measures developed as part of project implementation.
Geological and hydrogeological parameters might include ground elevation and
groundwater pressure, amongst many other parameters. Environmental monitoring might
cover issues such as air quality, surface and ground water quality, biodiversity, and
background radiation levels.

13.2 Construction monitoring

During the construction phase, monitoring of surface and sub-surface parameters will be
undertaken to develop further understanding of the effects that construction, operation and
closure of the facility will have on the performance of the site relevant to the safety case.
This work could include, for example:

e monitoring of ground movement to determine expected behaviour, and to support
the development of geotechnical models to establish confidence in rock support
designs

¢ monitoring to confirm that the site is being developed in a manner that is compliant
with any discharge consents

e monitoring of parameters such as groundwater inflow and groundwater chemistry to
support development of the safety case and the geological disposal facility design

During construction, monitoring will support detailed iterations of the geological disposal
facility design.

13.3 Monitoring during on-going operation and closure

During the operational period, protection of the public and the environment will be provided
through passive measures, ie measures that do not depend on human intervention or on
any active engineered system, and through active measures that rely on people and
systems. The aim will be to provide protection as far as reasonably practicable through
passive measures. Monitoring activities during operations shall verify that operational
safety goals are being met. The illustrative designs include provision for:

e package monitoring — records at dispatch, monitoring and checking on receipt,
selective monitoring of waste packages to confirm package origin and content,
performance and integrity

¢ planned preventative maintenance and routine condition monitoring of plant and
equipment

o the monitoring requirements during the operational period will also include ongoing
construction monitoring due to these activities running concurrently.

As progress is made towards closure of the facility, it is expected that emplacement of the
engineered barrier system will be undertaken progressively. A progressive and planned
shift from partial reliance on active safety measures and monitoring towards full reliance on
passive safety measures is anticipated.

13.4 Post-closure monitoring

The environment agencies guidance documents on requirements for authorisation (GRA)
[61] advises that: “unreasonable reliance shall not be placed on human action to protect
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people and the environment and that assurance of environmental safety must not depend
on monitoring or surveillance after the declared end of the period of authorisation”.
However society will have to decide on the level at which the geological disposal facility is
monitored following closure. The period over which this geological disposal facility
monitoring might continue will depend on decisions taken by future generations, in the light
of guidance provided by the current generation, information from the monitoring system
and other factors. Therefore, monitoring following closure is not ruled out, provided it does
not produce an unacceptable impact on the environmental safety case.
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14 Security and Safeguards

As the GDF will be a civil nuclear site, capable of accepting Category | to Il nuclear
material for disposal, a security plan must be approved by the Office for Nuclear Regulation
(ONR) Civil Nuclear Security (CNS) under the Nuclear Industries Security Regulations
2013 [62].

14.1 Security

In accordance with the ONR CNS guidance document [63] which provides guidance on
avoiding the disclosure of information that could assist a person or group planning theft or
sabotage, this report does not contain detailed information on the physical security
arrangements assumed or planned in order for the GDF to protect nuclear and other
radioactive materials and its related factors. This detail will be contained within the GDF
security plan. This will detail the security regime for the protection of the GDF, nuclear and
other radioactive material and sensitive nuclear information on the site. It is assumed that
the GDF will be designed and constructed to provide appropriate physical security features
to operate as a Category | facility from the outset, although it will operate initially as a
Category Il facility from first receipt of ILW and LLW. This future-proofing will ensure
sufficient surface area and infrastructure is available and minimise unnecessary disruption
to GDF services and operations to prepare for subsequent upward re-categorisation when
Category | and Il nuclear materials are introduced.

It is also assumed that prior to the receipt of Category Il materials, the GDF will be re-
categorised. In advance of the disposal of significant quantities of Pu and HEU, it is
assumed that the GDF will be re-categorised to a Category | civil licensed nuclear site.
Each re-categorisation will involve increased control on access to all areas, incorporate
sufficient detection and surveillance systems to identify malicious activity and provide an
adequate armed response to prevent theft and deny sabotage attempts. If necessary, this
re-categorisation could be undertaken earlier in the programme, however this would have
manpower and cost implications.

The waste emplacement area will be categorised as a Designated Area, which includes the
surface waste receipt and handling buildings. The full extent of this area is shown in
Drawing E/DRG/0041023. All these facilities will be grouped near to the waste
emplacement entrance (either drift or shaft), rail arrivals and dispatch sidings, to establish a
single area.

Transport of nuclear material to and within the GDF site will have to be described in a
transport security statement and an associated transport security plan, also approved by
ONR CNS.

14.2 Safeguards

The UK is a signatory of the Nuclear Non-Proliferation Treaty, and is committed to use
nuclear materials from its civil nuclear programmes for peaceful uses. The verification of
Treaty compliance is carried out by inspectors from the IAEA, under its safeguards
agreements with member states [64]. Safeguards are technical and political measures that
deter and ultimately detect the diversion of certain materials from civilian use to non-
peaceful uses.

The emplacement of any nuclear material subject to safeguards in the GDF will require
safeguards verification of the underground and surface facilities. This verification is to
provide independent assurance that nuclear material is not being diverted from its declared
disposal. Itis preferable that the foundation for this verification system is established
during the design and construction phases of the facility, via so-called “safeguards by
design”. This requires very early consultation with safeguards inspectorates of the
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European Commission and the IAEA. While the verification system will be modelled on a
generic approach to safeguarding the GDF, it will later be tailored to a site-specific GDF
design, host rock, and the type and form of nuclear materials emplaced. The design will
have to incorporate sufficient safeguards measures to give assurance on the absence of
diversion of nuclear materials. An effective, operator-provided, nuclear material
accountancy and control system will be an essential aspect of safeguards. This system
may be independently verified by the IAEA and/or European Commission inspectors using
a variety of technical measures (eg containment and surveillance systems) and by tracking
and monitoring material.

The level of safeguards provisions at the GDF will depend on the nuclear material
emplaced, its accessibility, the complexity of design, the ability to track nuclear material
through to emplacement and ease of retrievability. The European Commission and IAEA
will verify GDF construction activity against submitted designs and may also verify
emplacement of nuclear material during the operational phase.

As the GDF design may initially allow for easy waste retrieval, safeguards verification is
expected to continue until sealing and closure. The measures to safeguard nuclear
material can only be terminated if the nuclear material is practicably irretrievable as
described in [65] although this will conflict with any potential requirement for long-term
retrieval.

More detail about the application of safeguards to the GDF can be found in The Application
of Nuclear Safeguards to a UK geological disposal facility [66].
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15 Retrievability

15.1 Context
15.1.1 UK definitions

The term ‘retrievability’ is used as an overarching term to refer to a number of different
approaches to removal of radioactive waste from the GDF after it has been emplaced. The
following terms were first proposed by CoRWM in their recommendations to Government
[67] and have been subsequently adopted by RWM:

e Reversibility — A term used in the UK to describe retrieval by reversing the original
emplacement process (eg removal of emplaced ILW packages using the vault
emplacement crane, similar to the process used for removal of waste packages from
an interim store). In this context, reversibility is only possible before any form of
backfilling or sealing has taken place and is dependent on the continued integrity of
the waste packages, disposal vaults and tunnels, and emplacement equipment. In
some other countries, the term ‘reversibility’ is used to denote an ability to reverse
decisions as part of a phased decision-making process.

e Retrievability — The term is used where it is possible to withdraw the waste from
the GDF by building in a methodology that would allow access to the waste even
after vaults and tunnels had been backfilled. This could be achieved, for example,
by keeping service tunnels open for a period after emplacement and vault/tunnel
backfilling, and by ensuring that any backfill materials could be readily removed.

¢ Recoverability — A term developed by CoORWM to define situations when removal
of waste from a closed GDF by mining or similar intrusive methods. Once service
tunnels have been backfilled and/or the GDF has been sealed, intrusive re-
excavation operations would be required to recover the waste. These would be
likely to pose greater technical challenges and be more expensive than other forms
of retrievability.

15.1.2 The Nuclear Energy Agency retrievability scale

The Nuclear Energy Agency (NEA) reversibility and retrievability project was carried out in
several phases between 2007 and 2011. RWM staff participated in the project. The
project included the development of a generic Retrievability Scale [68] which illustrates the
lifecycle stages of waste packages, the relationship between ease of retrieval and cost
throughout this lifecycle, and how safety assurance changes from predominantly active
controls to passive safety with each stage (Figure 47). The NEA Retrievability Scale is
generic and can be applied to any geological disposal facility.
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The NEA scale can be broadly aligned with the current terminology described by CoORWM
related to the UK GDF and for the different phases of the GDF lifecycle, and this is shown

in Table 3.
Table 3 The NEA retrievability scale in relation to CORWM’s retrievability
terminology
NEA
Retrievability | Description of Stage | CORWM Terminology GDF Phase
Scale
Stage 1 Waste Package(s) in Pre-construction/
9 storage o Construction Phase
: Reversibility
Stage 2 Waste Package(s) in
9 disposal cell
: Operational Phase
Waste Package(s) in
Stage 3 )
sealed disposal cell ) -
Waste Package(s) | Retrievability
aste Package(s) in
Stage 4 sealed disposal zone Closure Phase
Stage 5 Waste Packqge(s) ina
closed repository .
Recoverability Post-Closure Phase
Distant future
Stage 6 .
evolution

15.1.3 Current approach to retrievability

The degree to which wastes are ‘retrievable’, and the type of retrieval approach required,

depends

on a range of factors, including:

the type of waste
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o the disposal concept

e the time elapsed after emplacement

o the extent to which the GDF has been closed

¢ the nature of the surrounding geological environment

Future decision-making regarding retrievability will need to take account of relevant site-
specific characteristics. RWM recognises the Government’s view that a decision on
whether or not to keep the GDF (or vaults and tunnels within it) open once facility waste
operations cease can be made at a later date, although RWM recognise that some
geological disposal concepts have limitations with respect to delaying the emplacement of
some types of backfill. As the siting process progresses, decisions with respect to
retrievability will be made in discussion with the independent regulators and local
communities. The final design will then reflect the decisions made in the light of those
discussions.

In the meantime, in line with Government policy as set out in the Implementing Geological
Disposal White Paper, design development is carried out in such a way that the option for
retrievability is not excluded. The policy and requirements of retrievability are detailed in
the DSS Part B. The remainder of this section considers how retrievability has been
addressed in the different illustrative designs.

15.2 Retrievability of LHGW packages

For the illustrative designs in a higher strength rock and lower strength sedimentary rock,
the process of emplacement for ILW and LLW would be similar, in principle, to that applied
to surface storage. The design of stable vaults will allow ILW/LLW disposal vaults to
remain open until all the waste has been emplaced, when a decision to backfill all vaults
could be taken. Assuming appropriate control of environmental conditions to ensure
package integrity, reversal of the emplacement process would only require re-use of the
remote handling systems in the UILW and RSILW vaults, and re-use of a stacker truck in
the SILW/LLW disposal vaults. However, it is recognised that removal of packages using
an overhead crane would be more selective than a stacker truck in the SILW vault, which
would operate on a first-in last-out philosophy

Leaving filled vaults open introduces risks associated with unexpected mechanical failure
of the rock, water inflow, build-up of explosive gasses and accelerated degradation of the
waste packages as well as significantly increasing the overall ventilation quantity
requirements. It also introduces potential risks to workers associated with extensive
monitoring and maintenance of the structures. Backfilling each disposal vault immediately
following emplacement reduces these risks and provides physical protection for the waste
packages.

Once vaults are backfilled the waste packages would be more difficult to retrieve, and a
programme of backfill removal would be required. Studies have been undertaken to
demonstrate retrievability of LHGW packages. In particular, Nirex demonstrated the
feasibility of using high-pressure water jets to retrieve ILW packages from disposal tunnels
backfilled with NRVB [69].

As the backfilling and sealing of the GDF progresses, it would become progressively more
difficult to recover waste from the facility. After closure, this would require a programme of
re-mining, which should be feasible with existing technology. However the risks of harm to
health and adverse environmental impacts would increase.

For the illustrative design in an evaporite rock, the process of disposal for ILW and LLW
would be similar in principle to that applied to surface storage, allowing individual or
batches of waste packages to be retrieved while the vault is still operational. The issue of
retrievability from these vaults would therefore only require the re-use of the stacker trucks.
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However, depending on the creep rate of the host rock, packages will be more difficult to
retrieve through time. After extended periods, a programme of re-excavation would be the
only way to recover the waste packages.

15.3 Retrievability of HHGW packages
15.3.1 Higher strength rock

The programme for the illustrative design in higher strength rock assumes that a buffer is
emplaced in each disposal hole at the same time as emplacement of the disposal
container. Disposal tunnels would be backfilled as soon as all the disposal holes within it
are filled. Therefore, the potential for reversal of the emplacement process is limited to a
short period.

Retrieval of waste packages from a disposal hole would first require removal of the
bentonite buffer. SKB has demonstrated that a saturated bentonite buffer can be removed
from a disposal hole by slurrying it with a saline solution [70].

Should a decision be taken to retrieve disposal containers once backfilling of the disposal
tunnel has taken place, retrieval would require dismantling of the disposal tunnel plug and
re-mining of the bentonite backfill placed in the disposal tunnel. SKB have tested the
dismantling of disposal tunnel plugs, deposition tunnel backfill and disposal hole buffer as
part of the Prototype Repository Project [71]. Recovery of the disposed spent fuel following
closure would also require re-mining of the mass backfill emplaced in the access tunnels.

15.3.2 Lower strength sedimentary rock

The programme for the illustrative design in a lower strength sedimentary rock currently
assumes that each disposal tunnel would be backfilled progressively with a dry granulated
bentonite buffer as the disposal containers are emplaced within it. Emplacement of the
buffer is currently envisaged to be undertaken using a system of augers to achieve the
required backfill density. This system is not readily reversed, but it is technically feasible to
remove the disposal container from the tunnel prior to sealing of the main access tunnels
by retrieval incorporating a method for dismantling of the disposal tunnel plug and removal
of the bentonite. Should the requirement arise to recover the disposal containers, once
backfilling of the main access ways had taken place, then this would become a re-
excavation process.

15.3.3 Evaporite rock

The programme for the illustrative design in evaporite rock assumes that each disposal
tunnel is backfilled progressively as the disposal containers are emplaced within it.

Once backfilling has taken place, then, should the requirement arise to recover the disposal
containers, this would become a re-excavation process.
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16 Implications of a Change in Inventory

16.1 Introduction

The designs presented in this report are based on the Inventory [4]. However, there are
sources of uncertainty in the eventual inventory requiring geological disposal that are also
covered by RWM’s work programme. These include uncertainties in the volumes and
radionuclide contents of the currently identified wastes and materials in the Inventory and
uncertainties in scenarios for the future operation of nuclear plants and other facilities that
produce these wastes and materials.

A range of scenarios have been developed for the inventory of wastes that may require
geological disposal in order to evaluate the implications of these uncertainties for the
geological disposal programme [72]. RWM wants to be able to demonstrate that the GDF
can be developed to deal with an inventory safely and securely. These scenarios also
provide visibility to local communities of what might be involved in hosting the GDF and
allow the implications of the uncertainties on geological disposal to be assessed. In
particular, the relationship between a change in waste type, decrease or increase in waste
package numbers and the implications for the size and design of the GDF and for the
safety and environmental protection provided by the facility can be understood.

A total of 12 sensitivity scenarios have been defined that represent the potential changes
that could occur to the UK Radioactive Waste Inventory (UKRWI). These scenarios are as
follows:

e Scenario 1: More reprocessing of oxide fuel — Reprocessing of fuel used in
legacy Pressurised Water Reactor (PWR) and Advanced Gas Cooled Reactor
(AGR) reactors would lead to an increased inventory of HLW, separated Pu and
HEU but would reduce the inventory of SF. The likelihood of this scenario occurring
is very low as there are no plans to reprocess these fuels.

e Scenario 2: Less reprocessing of Magnox fuel — The current assumption is that
all Magnox SF will be reprocessed. However, this scenario considers the
consequences of the Magnox reprocessing plant not completing fuel reprocessing.
Magnox SF would require disposal in the GDF. There would be a reduction in the
amounts of HLW, ILW, DNLEU and Pu, as well as a reduction in the amount of MOX
SF.

o Scenario 3: Increased lifetime of operating legacy reactors — Some of the
currently operating reactors could be granted an operational lifetime extension. This
scenario explores the additional wastes that would be created by these reactors
operating for longer.

¢ Scenario 4: Recognition of UKRWI uncertainty estimates — The data
submissions that waste producers make for the Recognition of UKRWI contain an
estimate of the volume uncertainty, both upper (4a) and lower (4b). This scenario
explores the impact of using the uncertainty volumes of the UKRW!I waste streams.

e Scenario 5: Separated Pu not disposed of as MOX SF — Preferred policy for the
long term management of civil Pu is to reuse as MOX fuel. This scenario considers
a change to this policy, meaning Pu stocks would need to be disposed of in another
form within the GDF.

e Scenario 6: LLW from the Low Level Waste Repository — It might be necessary
to excavate some of the waste at the Low Level Waste Repository (LLWR) for
disposal in the GDF. However, at present the volume cannot be quantified,
although the low level of radioactivity in the waste would have a very small impact
on the GDF.
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Scenario 7: Depleted Uranium Increases — Uranium enrichment in the UK is
assumed to continue to 2023. Additional U-enrichment in the UK would lead to an
increase in the inventory of DNLEU. This scenario considers the effects of
additional DNLEU on the GDF.

Scenario 8: New Build Programme: additional reactors — The current stated
industry ambition for new nuclear development is 16 GW(e). This is not a
Government target and the Government is supportive of industry bringing forward
plans for further development in future. In line with the stated industry ambition, the
2013 Derived Inventory includes a 16 GW(e) NNB programme, assumed to be
comprised of six European Pressurised Reactors (EPR) and six AP1000 reactors.
To explore the impact of additional (or fewer) reactors being built, the inventory
associated with a single EPR and a single AP1000 reactor are given.

Scenario 9: Foreign wastes and material are included — UK Government policy
is that radioactive waste should not be imported to, or exported from the UK except
in specifically defined and limited circumstances. For example spent sealed sources
manufactured in the UK being returned from overseas for treatment and disposal. In
such circumstances, waste materials could be added to UK stocks and, if an
agreement to do so exists, a radiologically equivalent (or substitute) waste material
would be returned to the country of origin.

Scenario 10: Alternative Packaging Assumptions — Alternative packaging
assumptions for wastes, including the use of new or alternative packages would
affect the 2013 Derived Inventory packaged volume and the numbers of waste
packages and disposal units. This scenario considers the impact of these
alternative assumptions.

Scenario 11: Graphite wastes do not require geological disposal — The baseline
strategy for reactor decommissioning graphite is geological disposal. Management
of graphite waste by geological disposal provides a robust baseline strategy suitable
for planning purposes. The extended period of quiescence that reactors are
scheduled to be in means that there is sufficient time for alternative options to
develop such that any future decisions on the management of radioactive graphite
waste will be appropriately informed. In addition the NDA has identified factors that
would drive a review of this strategic position. To account for the possibility of a
change in the NDA'’s strategic position, this scenario explores the implications of
graphite not being disposed of to the GDF.

Scenario 12: More short-lived intermediate level was declared as suitable for
management by the LLWR - The 2013 UK Radioactive Waste Inventory includes
42 ILW streams that waste producers expect to manage as LLW through near-
surface disposal by using radioactive decay storage and/or decontamination
processes. Some combustible wastes are expected to be incinerated and some
metal wastes are expected to be recycled. However, only those ILW streams where
there is an established decontamination or incineration process have been excluded
from the 2013 Derived Inventory. This scenario explores the impact of these
streams not being disposed of to the GDF.

The potential implications of these scenarios are discussed in the following sub-sections.
Of the twelve scenarios identified six have been assessed quantitatively, namely
Scenarios 2, 3, 4, 8, 11 and 12. A summary of the anticipated changes in vault and
tunnel numbers, and underground footprint is tabulated in Appendix H.

16.1.1 Impact on GDF surface facilities

It is considered that the surface facilities for the GDF would remain the same for the
different inventory sensitivity scenarios. Waste receipt and transfer buildings and
construction support buildings will still be required whatever the inventory scenario. The
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major implications for the design would be the impact on the underground footprint and
operations. However, due to the change in number of disposal vaults and tunnels required,
there would be a change in the volume of excavated material that might cause a change to
the volume of material being stored on the surface or that needs to be transported off site.

At present, it is assumed that the Inventory and scheduling only require that a single
underground waste emplacement route is available.

16.1.2 Impact on package and handling complexity

The waste package types that will be handled and disposed of in the GDF are discussed in
the Technical Background. Some of the inventory sensitivity scenarios identified above
require disposal of different waste package designs within the GDF to those already
assumed in the Inventory. The inclusion of these additional waste package types would
require the GDF handling systems to be adapted to be able to lift and emplace these
packages. Depending upon the number of these additional package types, the changes to
the lifting mechanisms may have an impact on the emplacement rate and therefore the
operational programme. The addition of some waste package types may also require
dedicated infrastructure and disposal vaults for these wastes, such as the inclusion of
additional shielded areas where the packages could be removed from their shielded
transport containers. The addition of some wastes, such as ILW that has been thermally
treated would also require disposal within dedicated vaults separate to other waste types.
This could create a requirement for additional vaults and their associated infrastructure and
changes to the GDF underground footprint.

16.1.3 Impact on GDF footprint

The illustrative designs and layouts have been based on assumed parameters and typical
host rock properties, and the site-specific design would obviously depend on the
characteristics of the chosen site such as the local stress field and fault zones.

The current footprint for the GDF for the Inventory in a higher strength rock is 7.6km?. A
change in numbers of waste packages would cause a change in disposal vault and tunnel
numbers, which would also result in a change to the overall GDF underground footprint.
For the inventory sensitivity scenarios assessed quantitatively the footprint would range
from 6.8km? to 9.5km? in a higher strength rock. This equates to a potential variation in
footprint from a reduction of 11% to an increase of 25%.

The current footprint for the GDF for the Inventory in a lower strength sedimentary rock is
15.3km?. For those inventory sensitivity scenarios quantitatively assessed, the footprint
would range from 14.4km? to 21.5km?. This equates to a potential variation in footprint
from a reduction of 6% to an increase of 41%.

The current footprint for the GDF for the Inventory in an evaporite rock is 10.3km?. A
change in numbers of waste packages would cause a change in disposal vault and tunnel
numbers that would also result in a change to the overall GDF underground footprint. For
the inventory sensitivity scenarios identified above, the footprint would change in a range
from 10.0km? to 11.9km? This equates to a potential variation in footprint from a reduction
of 3% to an increase of 16%.

A tabulated summary of the change to the GDF underground footprints associated with the
different sensitivity scenarios is provided in Appendix H.

16.1.4 Impact on operational programme

The current operational programme for the Inventory is detailed in Section 8.2. The
operational programme is based on the date of waste arisings and assumed throughput
rates for disposal with different numbers of waste packages being handled and disposed of
at the GDF over time. The general throughput of waste packages is seen to be the highest
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number in the initial period with packages numbers generally decreasing over the lifetime
of the GDF. The current assumed numbers of waste packages are well within the
maximum throughput rates currently assumed for the GDF and so the current design has
the flexibility to handle and receive an increase number of packages per year if required. In
the current programme wastes are disposed of over a 150 year period between 2040 and
2190, with GDF closure in 2200.

If the inventory scenario were to change then this could result in a change to the GDF
programme. Of the eight sensitivity scenarios assessed quantitatively the two that have
been calculated to have the most significant impact on the operational programme are;
scenario 4a — upper volume uncertainty and scenario 4b — lower volume uncertainty.

In Scenario 4a, despite the increased volume of waste for disposal there is no change to
the overall operating timeframe with wastes still disposed of between 2040 and 2190.
However, the increased number of UILW packages means that the throughput rate through
the inlet cell has to increase to 2,500 packages per annum and continues at a higher rate
for longer, meaning three-shift working is required, which would increase operational costs.
Even considering this higher rate of disposal, the legacy wastes would be disposed of
between 2040 and 2129; this is 24 years longer than the currently accepted programme
(2040-2105). This also means that disposal of DNLEU occurs later, between 2129-2139.

The increased number of legacy SILW/LLW and RSILW containers means that there will
be additional tranches of waste arrivals that will need disposal. This will result in a need to
increase the rate of vault construction and emplacement operations to ensure that these
wastes are disposed of before the arrival of ILW associated with a NNB programme.

Scenario 4a also envisages an increased number of vitrified HLW disposal containers
(+3,241), which as legacy waste, will arrive from 2075 onwards. The additional containers
mean that the disposal of legacy HLW/SF runs from 2075 to 2121, 16 years longer than the
original programme. This means that disposal of Pu/HEU wastes will commence in 2121
until 2126. The additional legacy disposal containers has the effect of filling part of the
operational dormant period between disposal of Pu/HEU and the arrival of MOX SF, but
means that Pu/HEU wastes will need to be stored at interim facilities for longer.

For Scenario 4b, despite there being a decrease in volume of waste for disposal there is no
overall change to the operating timeframe with wastes being disposed of between 2040-
2190. The decreased number of UILW packages means that the initial throughput rate
through the inlet cell can be reduced to 2000 packages per annum from 2300 packages
from 2040-2051. In 2051 the rate is reduced to 1500 packages per annum, which could
also result in a change to two-shift working, therefore reducing operational costs. The
lower rate means that less emplacement operations are required to dispose of the wastes.
The timeframe for disposal would be shorter than currently accepted, finishing in 2094
rather than the currently assumed completion of 2105. This means that DNLEU can be
disposed of between 2094-2105.

The decreased number of legacy SILW/LLW and RSILW containers means that there are
fewer tranches of waste requiring disposal. This means that the rate of vault construction
and emplacement operations can be reduced, however, vaults will remain open for longer
before being filled with waste.

Scenario 4b also has a decreased number of vitrified HLW disposal containers. These
fewer disposal containers mean that the disposal of legacy HLW/SF runs from 2075 to
2106, equivalent to three years less than the reference case scenario. The disposal of
Pu/HEU wastes will commence in 2102 until 2104. This increases the operational hiatus
between disposal of Pu/HEU and the arrival of MOX SF by 22 years.
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17 The Way Forward

This report summarises the generic designs that have been prepared for the GDF in the
UK. It describes the processes of waste emplacement and the design characteristics that
the disposal facility will need to include for disposal of LHGW and HHGW.

The illustrative designs described in this report have also been prepared to allow RWM to
undertake the associated assessments of safety, environmental, social and economic
impacts and assessments of the costs to develop the facility. This update has been
prepared in order to quantify the impact of adopting design changes and enhancements
within the GDF illustrative designs and the updated inventory, such that up to date designs
are available as an input to support the siting process. It is stressed that while these
illustrative designs have been developed for three host rocks (a higher strength rock, a
lower strength sedimentary rock and an evaporite rock), it does not mean that these
settings are in any way preferred, that any of the illustrative designs will necessarily be
adopted for a selected site, or that any of the concepts are favoured more than any other.

The framework for implementing Geological Disposal is described in [2] and the process is
shown in the Figure 48.

Figure 48 Diagram showing process moving forward
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and operation of any facility if the developer can demonstrate that it will be safe, secure and the environment will be protected.

m Engagement: Communities can talk to Government and the developer at any time, although formal discussions will only begin in 2016. There will be open
dialogue throughout the entire process and a test of public support will be carried out before construction of a geological disposal facility can begin.

© Grown Gopyright The Deprtmant of Enargy 4 Gimasa Crange D€

2730-01-NDA/DECC

As the process above progresses, details of a geological environment and site-specific
characteristics will become available. Until such time as more specific information
becomes available, the approach that will continue to be taken is to define a number of
generic geological disposal concepts applied to typical, potentially suitable UK geological
environments. The generic DSSC documents will initially describe generic requirements,
reflecting the fact that a site and a disposal concept have yet to be identified. They will be
periodically updated, for example to respond to changes in regulations and to respond to
learning from undertaking assessments and further research. The DSS Part B, in
particular, will evolve from generic to site-specific requirements as site-specific information
becomes available at the more detailed level and as issues that are recognised today are
resolved. Some issues are of a general nature and faced by other countries in
implementing geological disposal, and some are UK-specific.
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As the process progresses, there will also be a requirement to maintain and periodically
update the generic illustrative designs and this report to take account of future
requirements and to support both wider stakeholder engagement and the waste packaging
assessment process. It is expected that these illustrative designs will continue to be
required and updated as the designs move forward through the process from their current
illustrative status through the conceptual and preliminary design stages and until a detailed
design for the GDF at a specific site is developed.
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Glossary

A glossary of terms specific to the generic DSSC can be found in the Technical
Background.
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Appendix A — Waste Volumes for Disposal
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The waste volumes used in the generic designs have been provided in the DSS Part B.

2013 Derived Inventory

Waste Waste type it
category Volume of packaged Conditioned waste
waste (m°) volume (m?)
LHGW Legacy LLW 11,800 11,100
Legacy ILW 415,000 327,600
DNLEU UILW 13,600 11,200
DNLEU SILW 203,800 149,200
NNB ILW 41,000 25,000
HHGW Legacy HLW 9,300 1,400
Legacy SF 14,800 3,400
Pu/HEU 3,100 869
MOX SF 11,900 594
NNB SF 39,400 5,900
TOTAL 763,700 536,263
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This section describes the various waste package types, their dimensions and the number
of packages for each waste type that have been derived from the Inventory. There is also
information on the characteristics of each of the package types. Note that the number of

disposal units is given to three significant figures.

LHGW (Unshielded ILW) Waste Packages

Waste package type

Total number of disposal units®

Legacy waste packages

Stillages of 500 litre drums 22,900
Stillages of enhanced 500 litre drums (precast) 224
Stillages of enhanced 500 litre drums (basket) 6,530
Total disposal stillages of 4 500 litre drums 29,700
3 cubic metre drums 563

3 cubic metre box (side lifting) 4770

3 cubic metre box (corner lifting) 403

3 cubic metre Sellafield box (i.e. single skinned) 54,300
3 cubic metre Enhanced Sellafield box (i.e. double 16.300
skinned) ’
MBGWS 1,500

NNB waste packages

3 cubic metre box (round corners) 960
3 cubic metre drums 7,270
Total UILW 116,000

6

drums contained in a stillage.
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LHGW (SILW) Waste Packages

Waste package type Total number of disposal units

Legacy waste packages

6 cubic metre boxes 426
4 metre boxes (no liner) 2,180
4 metre boxes (100mm concrete liner) 1,190
4 metre boxes (200mm concrete liner) 399
2 metre boxes (100mm concrete liner) 75
500 litre robust shielded drum 1,240
3 cubic metre robust shielded box 1,040

NNB waste packages

4 metre boxes (100mm concrete liner) 60

1 cubic metre concrete drum 6,840
500 litre concrete drum 3,240
Total SILW 16,700

LHGW (LLW) Waste Packages

Waste package type Total number of disposal units
4 metre boxes (no liner) 584
Stillages of 500 litre drums 54
Total LLW 638
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Waste type Total number of disposal units
HLW 2,400

AGR SF 2,190

PWR SF 572

Magnox 836

PFR 19

MOX 2,700

NNB SF 8,940

Total HHGW 17,700

Number of plutonium and uranium disposal units

V¥;:;e Waste package type Total number of disposal units
Pu Disposal container (similar to HLW/SF) | 196
HEU Disposal container (similar to HLW/SF) | 780
Disposal stillages of 500 litre drums 5,940
Transport and Disposal Containers 2890
2.4m Height ’
DNLEU Transport and Disposal Containers 3.780
2.3m Height
Transport and Disposal Containers 581

2.1m Height

Total number of disposal units

Inventory

Total number of disposal units

2013 Derived Inventory

164,900
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This table contains a high level summary of the illustrative design. Further information can
be found in Sections 5 to 11 inclusive.

Element

Host rock

Higher strength rock

Lower strength
sedimentary rock

Evaporite rock

Surface facilities

Bentonite buffer store

Bentonite buffer store

Store for crushed rock
and imported

Store for crushed rock
and imported

Store for crushed
evaporite rock and

sand/cement sand/cement imported sand/cement
Underground 3 shafts and 1 drift 3 shaft and 1 drift 4 shafts
access
Assumed depth
for facility
horizon (based 650m depth 500m depth 650m depth
on selected
concept)
Waste package
transfer Via drift Via drift Via shaft
underground

Rock bolts and mesh

Underground Rock bolts and mesh | with shotcrete.

rock support

with shotcrete

Concrete segments
not discounted

Rock bolts and mesh

Inlet cell
requirements

1 inlet cell required

4 inlet cells required

4 inlet cells required

SILW/LLW
disposal vault
dimensions

Arch roof profile
16.0m x 15.0m and
300m long. 32.0m
rock pillar spacing
between vaults.

Horse shoe shape
9.6m x 11.5m and
300m long. 72.0m
rock pillar spacing
between vaults.

Rectangular shape
10.0m x 5.5m and

300m long. 21.0m
rock pillar spacing

between vaults.

DNLEU disposal
vault
dimensions

Arch roof profile
16.0m x 15.0m and
300m long. 32.0m
rock pillar spacing
between vaults.

Horse shoe shape
9.6m x 11.5m and
300m long. 72.0m
rock pillar spacing
between vaults.

Rectangular shape
8.0m x 5.5m and
300m long. 23.0m
rock pillar spacing
between vaults

RSILW disposal
vault
dimensions

Arch roof profile
16.0m x 12.0m and
300m long. 32.0m
rock pillar spacing

Horse shoe shape
9.6m x 11.5m and
300m long. 72.0m
rock pillar spacing

Rectangular shape
10.0m x 5.0m and
300m long. 21.0m
rock pillar spacing
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Host rock
Element
Higher strength rock Loyver ST Evaporite rock
sedimentary rock
between vaults. between vaults. between vaults.
New Build SILW Arch roof profile Horse shoe shape Rectangular shape

(concrete drum)
disposal vault

16.2m x 16.0m and
300m long. 32.0 rock
pillar spacing between

9.6m x 11.5m and
300m long. 72.0m
rock pillar spacing

10.0m x 5.0m and
300m long. 21.0m
rock pillar spacing

dimensions vaults. between vaults. between vaults.

Arch roof profile Horse shoe shape Rectangular shape
UILW disposal 16.2m x 16.0m and 9.6m x 11.5m and 10.0m x 5.0m and
vault 317m long. 32.0m 317m long. 72.0m 317mlong. 21.0m
dimensions rock pillar spacing rock pillar spacing rock pillar spacing

between vaults. between vaults. between vaults.

Arch roof profile 5.5m | Circular shape 2.5m Rectangular shape
HHGW disposal | x 5.5m and 500m diameter and 500m 3.0m x 3.0m and
tunnel long. 19.5 rock pillar | long. 26.0m rock 500m long. 20.0m
dimensions spacing between pillar spacing between | rock pillar spacing

tunnels. tunnels. between tunnels.
Disposal of Remotely operated Remotely operated Remotely operated
SILW/LLW stacker truck stacker truck stacker truck
Disposal of Remotely using an Remotely using an Remotely using a rail
UILW overhead crane overhead crane mounted stacker truck

Vertical boreholes H_onzontally n . .

. disposal tunnels on Horizontally in

Disposal of drilled along base of pre-stacked bentonite | disposal tunnels and

disposal tunnel .
HHGW . blocks and surrounded with

surrounded with .

o surrounded with crushed host rock
bentonite rings .
bentonite pellets

Underground By locomotive to the By locomotive to the By locomotive to the
transport of transfer hall and then | transfer hall and then | transfer hall and then
HHGW transported to the transported to the transported to the

disposal tunnel in a disposal tunnel disposal tunnel

free steered vehicle reception area by reception area by

locomotive locomotive

Idealised

surface footprint

Approximately 1km?

Approximately 1km?

Approximately 1km?

Underground . 2 | Approximately Approximately
footprint Approximately 7.6km™ | 45 5 2 10.3km?
Indicative Approximately 4.1km | Approximately 6.2km | Approximately 5.7km
underground

: . X 2.7km X 3.7km x 3.1km
dimensions
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Element

Host rock

Higher strength rock

Lower strength
sedimentary rock

Evaporite rock

Volume of
excavated
material

Approximately
10,800,000m’

Approximately
8,830,000m?®

Approximately
6,520,000m*

UILW disposal
vaults numbers

20

58

49

SILW/LLW
disposal vaults
numbers

18

10

SILW DNLEU
disposal vaults
numbers

11

30

27

RSILW disposal
vaults numbers

NNB SILW
concrete drum
disposal vaults
numbers

HHGW disposal
tunnels numbers

310

341

327

Cementitious grout

No backfill, sacks of

Backflllln_g N NRVB injected into injected into vault MgO placed on top to
LHGW disposal " . .
vaults prior to closure. | once each vault is absorb moisture and
vaults ! o
filled. carbon dioxide
Backfilled once all Backfilled Backfilled
- boreholes in a progressively as the progressively as the
Backfilling — ) . . . i
HHGW disposal d_|sposal tunpel are disposal contalner_s disposal contalner§
tunnels filled. Backfill would are placed. Backfill are placed. Backfill
be blocks of bentonite | would be bentonite would be crushed
and bentonite pellets. | pellets. evaporite rock.
Backfilling — Compacted bentonite | Compacted bentonite Rigid concrete wall

plugs and seals

retained by a concrete
structure.

retained by a concrete
structure.

with contact grouting.

Backfilling —
mass backfill to
remaining
tunnels and
underground
facility areas.

Crushed host rock.

Bentonite and sand
mix (30:70 ratio).

Backfilled with
crushed evaporite
rock.
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The volumes of excavated materials and construction materials have been calculated using
the 3D models for each host rock and associated supporting spreadsheets.

Volumes of excavated materials

Inventory scenario

Higher strength
rock

Lower strength
sedimentary rock

Evaporite rock

2013 Derived Inventory

10,800,000m?

8,830,000m®

6,520,000m®

Volume of construction materials

Concrete

It is anticipated that the volume of concrete required to construct the underground facilities
including concrete floors, operating plugs, seals and the shafts and drift will be as follows:

Inventory scenario

Higher strength
rock

Lower strength
sedimentary rock

Evaporite rock

2013 Derived Inventory

456,000m®

888,000m°

360,000m*

Shotcrete

It is anticipated that the volume of shotcrete required to construct the underground facilities,
including the shafts and drift, will be as follows:

Inventory scenario

Higher strength
rock

Lower strength
sedimentary rock

Evaporite rock

2013 Derived Inventory

301,000m?

1,190,000m?>

532m?

Steel reinforcement

The mass of steel reinforcement associated with the seals and plugs, the reinforcement in
the drifts and shafts, wire mesh supports and arches in the drift is expected to be:

Inventory scenario

Higher strength
rock

Lower strength
sedimentary rock

Evaporite rock

2013 Derived Inventory

4,050t

5,500t

5,010t
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Rock Bolts
The coverage and number of rock bolts to support the underground openings is expected
to be:
. Higher strength Lower strength . 9
Inventory scenario rock’ sedimentary rock® Evaporite rock
2013 Derived Inventory 180,000 785,000 831,000

4 Based on 20% coverage.
8 Based on 40% coverage.
o Based on 50% coverage.
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Underground feature Area
UILW vaults 270,000m?
SILW, LLW/RSILW, DNLEU (Packaged in TDCs) and NNB 2
241,000m
SILW concrete drum vaults
HHGW disposal tunnels 3,360,000m?
Roadways and support area 3,750,000m?

Total footprint

Approximately 7.6km?

Footprint for the lower strength sedimentary rock illustrative design

Underground feature Area
UILW vaults 1,320,000m?
g:tw,clal_nv(;/r,elses(;hm \[/);\JUI&EU (Packaged in TDCs) and NNB 1.220,000m?
HHGW disposal tunnels 4,150,000m?
Roadways and support area 8,600,000m?

Total footprint

Approximately 15.3km?

Footprint for evaporite rock illustrative design

Underground feature Area
UILW vaults 435,000m*
SILW, LLW, RSILW, DNLEU SILW (Packaged in TDCs) and 389.000m?
NNB SILW concrete drum vaults ’
HHGW disposal tunnels 3,360,000m?
Roadways and support area 6,110,000m?

Total footprint

Approximately 10.3km?
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Appendix F — Backfill Materials and Volumes

Required buffer and backfill materials for higher strength rock illustrative design

Material Volume
LHGW — NRVB" 1,740,000m*
HHGW bentonite buffer 275,000m®
HHGW disposal tunnel backfill"' 4,150,000m*

Required buffer and backfill materials for lower strength sedimentary rock
illustrative design

Material Volume
LHGW — cementitious grout' 1,850,000m®
HHGW bentonite buffer blocks and backfill" 656,000m®

Required buffer and backfill materials for evaporite rock illustrative design

Material Volume

LHGW — MgO 6,930m’

HHGW crushed host rock in disposal tunnel backfill 1,270,000m*

All these quantities assume that the crown space of the SILW/LLW and UILW vaults would be filled
during backfilling operations. A backfill ratio of 1:1 is assumed.

Comprising 100% bentonite.

All these quantities assume that the crown space of the LHGW vaults would be filled during backfilling
operations. A backfill ratio of 1:1 is assumed.

Bentonite is used as blocks for the disposal container to rest on. The disposal tunnel backfill is assumed
to be pre-compacted bentonite pellets.
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When considering the inventory for disposal, there are a number of different types of waste package that are non-standard and various features
will require special consideration prior to emplacement. The following table provides details of these packages and their requirements.

Emplacement caveat

Package description NUmber Endorsement
of
Emplacement
packages Challenge .
Container Waste oL g requirement File Status
owner
Final (packing of
Potential \évis;;es)lnto
Initial batch of drums requirement to
500 litre Harwell RHILW RSRL 10 manufacturgq using isolate from_ TPC 10 067 Iqter|m (final
drum super-plasticiser in packages with disposal
grout annulus. significant actinide package)
burden. Waste has been
packed
Distribution of
. packages to
Maximum heat Ou.tpL'Jt manage heat
at 2090 exceeds limit burden within
S00litre | pep raffinate DSRL | 743 of 25W (based on vault(s). TPC 10501 | Interim
drum criteria applicable at _
the time of Requirement
assessment). potentially
restricted to sub-
set of packages.
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Emplacement caveat

Package description Number Endorsement
of Emplacement
ackages Challenge .
Container Waste ‘c’)v;ﬁz packad J requirement File Status
Restrictions on
Significant fissile fissile loading (50g
loading. Stack Pu and <1kg
. collapse scenario for graphite) for other
g?l?nl:tre Dragon fuel EERL / 251 post-closure criticality disposal units TPC 15711 Conceptual
imposes unreasonably | within the same
restrictive Safe Fissile stack as a single
Mass (SFM). Dragon fuel
disposal unit.
Non-standard lifting rPec:qtﬁirr]g?r:ent for _
3 cubic Trawsfynydd features. Shallow special handling Final
metre Magnox | 28 twistlock pockets due TPC 20 035 | packages
drum sludge to shallow slope of arrangements fg
drum shoulders (such as dedicated manufactured
' lifting frame)
Trawsfynydd Non-standard lifting rZOtjirrlzfr!ent for .
3 cubic mixed sludge features. Shallow S qecial handlin Final
metre (including RV1 Magnox | 9 twistlock pockets due aFr)ran ements 9 TPC 20 540 | packages not yet
drum residues and to shallow slope of 9 ) manufactured
PNV sludge) drum shoulders (such as dedicated
' lifting frame)
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Emplacement caveat

Package description Number Endorsement
of
Emplacement
ackages Challenge .
Container Waste ‘c’)v;ﬁz packag requirement File Status
s Potential
: Trawsfynydd Non-standard lifting requirement for Planned
3 cubic - features. Shallow . . A
remaining sludge : special handling submission
metre Magnox | tbc twistlock pockets due tbc .
and RV3 arrangements based on existing
drum : to shallow slope of )
residues (such as dedicated endorsements
drum shoulders. e
lifting frame)
Limitation on stack
Performance of height (cannot be
. : emplaced at base
3 cubic packages in seven- of stack)
metre box T fvrvdd high stack has not ' Final
(side rawstynydc Magnox | 3 been demonstrated. Potential TPC 20 059 | packages
i FED and skips . requirement to d
lifting, non- Super-plasticiser used isolate from manufactured
standard) in manufacture of .
encapsulation grout packages with
' significant actinide
burden.
3 cubic Package identifier will ;i%gang:ﬁor;\uvr\]/}ﬁer .
metre box Harwell RIPPLE be based on Berkeley need to Final
e | Xanaleroe | RSRL 4| (s e e © | sccommoste | TO 12111 Packeges not e
lifting) incorrect identifier manufactured
for use at Harwell. prefix

147




DSSC/412/01

Emplacement caveat

Package description Number Endorsement
of
Emplacement
ackages Challenge .
Container Waste ‘c’)v;ﬁz packag requirement File Status
Package identifier will
be based on Berkeley
(Magnox) prefix due to
reallocation of boxes Package number
3 cubic for use at Hunterston recognition will
metre box Hunterston A Madnox 300+ A. need to TPC 20 125 | Interim
(side solid ILW 9 Not all boxes will be accommodate
lifting) re-allocated Berkeley incorrect identifier
boxes and remaining prefix.
600-700 boxes will
carry Hunterston A
prefixes.
Final
Super-plasticiser used Potential Packages
6 cubic WAGR in manufacture of requirement to manufactured
metre decommissioning concrete box. Also isolate from
concrete ILW (various SL 112 used sealant in packages with TPC 17100 gl;rtht?é packages
box streams) manufacture of many significant actinide maxufacture d
boxes. burden. using current
stock of boxes)
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Appendix H — Implications of a Change in Inventory

DSSC/412/01

The following table summarises the anticipated changes in vault and tunnel numbers, and underground footprint resulting from various potential
changes of inventory that have been considered in Section 16.

Scenarios
Reference 2 3 4a 4b 8a 8b 11 12
Geology Vault/ Tunnel Scenario 2 - I LR Scenario 11 - | Scenario 12 -
2013 Derived No more Scenario 3 - Inventory Inventory Single NNB | Single NNB Graphite Bounda
Life time Upper Lower Reactor - Reactor - P v
Inventory Magnox . wastes not wastes not
- extensions Volume Volume EPR AP1000 . .
reprocessing . . included included
Uncertainty | Uncertainty
uiLw 20 20 20 38 16 1 1 19 20
SILW/LLW 5 5 5 9 3 1 2 5
) RSILW 1 1 1 1 1 - 1 1
Higher Strength | g siLw 1 1 1 1 1 1 1 1
DNLEU SILW 11 10 11 1 11 - 11 11
HLW/SF tunnel 310 358 328 361 302 14 10 310 310
Area km2 7.6 8.5 8.6 9.5 6.8 - 75 7.6
uiLW 58 57 58 151 47 1 1 54 57
SILW/LLW 18 18 18 24 12 1 5 18
Lower Strength RSILW - 3
Sedimentary NNB SILW 1
Rock DNLEU SILW 30 29 30 30 30 - 30 30
HLW/SF tunnel 341 3% 362 395 331 17 12 341 341
Area km2 15.3 17.0 15.7 215 14.4 14.7
Geology Vault/ Tunnel Scenarios
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Reference 2 3 4a 4b 8a 8b 11 12
. Derived Derived . .
, Scenario 2 - Scenario 3 - Inventory Inventory Single NNB | Single NNB Scenario 11 - | Scenario 12 -
2013 Derived No more o Graphite Boundary
Life time Upper Lower Reactor - Reactor -
Inventory Magnox . wastes not wastes not
. extensions Volume Volume EPR AP1000 . .
reprocessing Uncertainty | Uncertainty included included
UILW 49 48 49 89 40 1 1 45 48
SILWLLW 10 10 11 14 7 1 3 10
RSILW 2 2 2 2 2 - 2 2
Evaporite Rock NNB SILW 5 5 5 5 5 1 5 5
DNLEU SILW 27 26 27 27 27 - 27 27
HLWI/SF tunnel 327 379 347 379 318 16 12 327 327
Area km? 10.3 11.1 10.7 11.9 10.0 0 0 10.1
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Appendix | - Waste Disposal Route Diagrams

NDA - 1584-04 | Waste Disposal Routes for Higher Strength Rock

NDA - 1585-04 | Waste Disposal Routes for Lower Strength Sedimentary Rock

NDA - 1586-04 | Waste Disposal Routes for Evaporite Rock
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Disposal Routes for Radioactive Wastes in Higher Strength Rock
HHGW

LHGW

HLW/SF/Pu/HEU

UILW SILW/LLW/RSILW/NNB SILW/TDC

{

Disposal Canister Transport
Container (DCTC) arrives on site via
rail network and waits in dedicated
siding before being transferred by an
on-site shunter to the HHGW Waste
Receipt & Transfer Facility (WRTF)

J

DCTC unloaded from mainline
rail wagon by Overhead Travelling
Crane (OHTC) and transferred onto

drift wagon

{

Shielded Waste Transport Container
(SWTC) arrives on site via road or rail
network and waits either in the HGV
parking area or dedicated siding
before being transferred by an on-site
shunter to the LHGW Waste
Receipt & Transfer Facility (WRTF)

I

{

Industrial Package 2 (IP2)/Transport
Overpack (TOP) arrives on site via road
or rail network and waits either in the
HGV parking area or dedicated siding
before being transferred by an on-site
tractor unit/shunter to the LHGW Waste
Receipt & Transfer Facility (WRTF)

]

4

SWTC/IP2/TOP unloaded from HGV or
rail wagon by Overhead Travelling
Crane (OHTC) and transferred onto drift
wagon

3y
Tandem drift locos on the rack & pinion
rail system haul loaded drift wagon from

WRTF into Drift Top Building and
descend underground via inclined drift

I

v

Drift train arrives at the Underground
HHGW Transfer Hall (TH) and the
DCTC is unloaded by an OHTC and
the shock absorbers are removed

{

The DCTC is then rotated to the
vertical and lowered into transfer pit.
The Disposal Container (DC) is then

transferred vertically into the
Deposition Machine (DM). The
shielded section of the DM is then
rotated to the horizontal

{

DM drives to Disposal Tunnel (DT)
and is positioned directly over a
Deposition Hole (DH). The shielded
section of the DM is rotated to the
vertical, the gamma gate opened and
the DC is lowered into the bentonite
lined DH

V2

Drift train arrives at the
Underground UILW Container
& Stillage Reception Area

J

SWTC unloaded by OHTC from drift
wagon and transferred onto Inlet
Cell Bogie (ICB) within Transfer
Station

).

Drift train arrives at the
Underground SILW/LLW/RSILW/NNB
SILW/TDC Container Reception Area

J

IP2/TOP unloaded by OHTC from
drift wagon and transferred to
SILW/LLW/RSILW/NNB SILW/TDC
Temporary Storage Area (TSA)

I

| g

i

Roller shutter door closes, inner IP2 picked up from TSA by stacker RSILW or NNB SILW TOP picked up
shield door opens and the ICB truck and moved via Vault Access from TSA by stacker truck and moved
moves to the Lid Seal/Unbolting roadway to SILW/LLW Emplacement to the respective Dedicated Vault
Station within Inlet Cell Vault (EV) or TDC (EV) Reception Area (DVRA)

{ {

J

Finally the DM lowers bentonite
plugs to cap the DH and retreats
from the DT back to TH

J

With the seal released and bolts On entering the SILW/LLW EV or TDC On entering the DVRA, stacker truck
removed, ICB moves to the Lid EV stacker truck moves to design- moves to designated position,
Removal Station. With the lid ated position, lowers IP2 to vault lowers TOP onto removal station,
removed ICB moves to the Package floor or stack position, emplaces IP2 and retreats to STG/TA.
Removal Station. and retreats to Stacker Truck

@ Garage/Turning Area u

1584-04-NDA

Once on station, the containment
shroud descends, the overhead
hatch opens and the Package
Transfer Machine lifting mechanism
descends to engage on the Disposal
Unit (DU)

{

The DU is removed from the SWTC,
raised into the Package Transfer Area
and moved horizontally to be placed

on the Transfer Tunnel Bogie (TTB)

{

TTB moves along the Transfer Tunnel
to directly below the UILW Vault
access hatch. Vault Emplacement
Crane (VEC) lifting mechanism
descends and engages with DU and
then ascends back into the vault to
be secured within the VEC traverser

J

VEC moves to designated position,
lowers DU to vault floor or stack
position, releases DU and retreats
back to Crane Maintenance Area

With the DVRA roller-shutter
containment door closed, the Robotic
Manipulator unbolts and removes
TOP lid and releases RSILW or NNB
SILW DU

{

Vault Emplacement Crane (VEC)
lifting mechanism engages with
RSILW or NNB SILW DU and removes
it from TOP and ascends to be
secured within VEC traverser

{

Shied door descends and VEC
moves to designated position within
EV and lowers RSILW or NNB SILW

DU to vault floor or stack position,
emplaces DU and retreats back into
CMA




Disposal Routes for Radioactive Wastes in Lower Strength Sedimentary Rock

HHGW

LHGW

HLW/SF/Pu/HEU

UILW

SILW/LLW/RSILW/NNB SILW/TDC

{

J

Disposal Canister Transport Container
(DCTC) arrives on site via rail network
and waits in the dedicated siding
before being transferred by an on-site
shunter to the HHGW Waste
Receipt & Transfer Facility (WRTF)

{

Shielded Waste Transport Container
(SWTC) arrives on site via road or rail
network and waits in the HGV parking
area or dedicated siding before being
transferred by an on-site tractor unit/
shunter to the LHGW Waste Receipt &

Transfer Facility (WRTF)

DCTC unloaded from mainline rail
wagon by Overhead Travelling Crane
(OHTC) and transferred onto drift

{

Industrial Package 2 (IP2)/Transport
Overpack (TOP) arrives on site via road
or rail network and waits either in the
HGV parking area or dedicated siding
before being transferred by an on-site
tractor unit/shunter to the LHGW Waste
Receipt & Transfer Facility (WRTF)

I

]

4

SWTC/IP2/TOP unloaded from HGV or
rail wagon by Overhead Travelling

wagon Crane (OHTC) and transferred onto drift
’ wagon

3
Tandem drift locos on the rack & pinion
rail system haul loaded drift wagon from

WRTF into Drift Top Building and
descend underground via inclined drift

I

U N U

Drift train arrives at the underground
HHGW Transfer Hall, DCTC shock
absorbers are removed. DCTC
transferred to rail mounted transfer
wagon before moving to the Disposal
Tunnel Reception Area (DTRA)

Drift train arrives at the Underground
UILW Container & Stillage Reception
Area

J

{

Once inside the DTRA the outer shield
doors are closed, DCTC lid is removed,
the Disposal Unit (DU) is withdrawn
onto a support cradle and then
transferred sideways onto a Disposal
Trolley (DTr). The inner shield doors are
opened

SWTC unloaded by OHTC from drift
wagon and transferred onto Inlet Cell
Bogie (ICB) within Transfer Station

{

Drift train arrives at the
Underground SILW/LLW/RSILW/NNB
SILW/TDC Container Reception Area

J

IP2/TOP unloaded by OHTC from
drift wagon and transferred to
SILW/LLW/RSILW/NNB SILW/TDC
Temporary Storage Area (TSA)

I

Y

i

J

Roller shutter door closes, inner shield
door opens and the ICB moves to the
Lid Seal/Unbolting Station within Inlet

Cell

IP2 picked up from TSA by stacker
truck and moved via Vault Access
roadway to SILW/LLW Emplacement
Vault (EV) or TDC EV

RSILW or NNB SILW TOP picked up
from TSA by stacker truck and moved
to the respective Dedicated Vault
Reception Area

The DTr enters Disposal Tunnel (DT),
inner shield doors close. DTr moves to
deposition position and lowers DC and

bentonite support blocks to DT floor.

Inner shield doors open, Dtr retreats

back into DTRA, inner shield doors
close.

{

J

J

With the seal released and bolts
removed, ICB moves to the Lid
Removal Station. With the lid removed
ICB moves to the Package Removal
Station.

1585-04-NDA

J

Once on station, the containment
shroud descends, the overhead hatch
opens and the Package Transfer
Machine lifting mechanism descends
to engage on the Disposal Unit (DU)

{

The DU is removed from the SWTC,
raised into the Package Transfer Area
and moved horizontally to be placed on
the Transfer Tunnel Bogie (TTB)

l

TTB moves along the Transfer Tunnel
to directly below the UILW Vault access
hatch. Vault Emplacement Crane (VEC)

lifting mechanism descends and
engages with DU and then ascends
back into the vault to be secured within
the VEC traverser

J

VEC moves to designated position,
lowers DU to vault floor or stack
position, emplaces DU and retreats
back into Crane Maintenance Area
(CMA)

On entering the SILW/LLW EV or TDC
EV stacker truck moves to designated
position, lowers IP2 to vault floor or
stack position, emplaces IP2 and
retreats to Stacker Truck Garage/
Turning Area

Robotic Manipulator unbolts and
removes TOP lid and releases RSILW
or NNB SILW DU

J

Vault Emplacement Crane (VEC)
lifting mechanism engages with
RSILW or NNB SILW DU and removes it
from TOP and ascends to be secured
within VEC traverser

d

Shield door descends and VEC
moves to designated position within
EV and lowers RSILW or NNB SILW
DU to vault floor or stack position,
emplaces DU and retreats back into
CMA




Disposal Routes for Radioactive Wastes in Evaporite Rock
LHGW

HLW/SF/Pu/HEU UILW SILW/LLW/RSILW/NNB SILW/TDC

HHGW

J {

Shielded Waste Transport Container
(SWTC) arrives on site via road or rail
network and waits in HGV parking
area or dedicated rail siding before
being transferred by on-site tractor
unit or shunter to the LHGW Waste
Receipt & Transfer Facility (WRTF)

Industrial Package 2 (IP2)/Transport
Overpack (TOP) arrives on site via
road or rail network and waits either
in the HGV parking area or dedicated
rail siding before being transferred
by on-site tractor unit or shunter to
the LHGW Waste Receipt & Transfer
Facility (WRTF)

Disposal Canister Transport

Container (DCTC) arrives on site via
rail network and waits in dedicated
siding before being transferred by
on-site shunter to the HHGW Waste
Receipt & Transfer Facility (WRTF)

DCTC unloaded from mainline
rail wagon by Overhead Travelling
Crane (OHTC) and transferred
onto Shaft Transfer Wagon (STW)

{ ,l

Y2

SWTC/IP2/TOP unloaded
from HGV or mainline rail wagon by
Overhead Travelling Crane (OHTC)
and transferred onto STW

|

STW moves into Shaft Top Building
and into shaft cage before
descending underground

I

)

STW arrives at shaft bottom and is
hauled by loco to the underground
HHGW Transfer Hall, DCTC shock
absorbers are removed. DCTC
transferred to rail mounted transfer
wagon before moving to the Disposal
Tunnel Reception Area (DTRA)

{

Once inside the DTRA the outer
shield doors are closed, DCTC lid
is removed, the Disposal Unit (DU)

is withdrawn onto the Disposal

Trolley (Dtr) and the inner shield

doors are opened

J

The DTr enters Disposal Tunnel (DT),
inner shield doors close. DTr moves
to deposition position and
lowers DC to DT floor. Inner shield
doors open, DTr retreats, inner

shield doors close

1586-04-NDA

v

STW arrives at shaft bottom and is
hauled by loco to the underground
UILW Container Reception Area

J

SWTC unloaded by OHTC from STW
and transferred onto Inlet Cell Bogie
(ICB) within Transfer Station

{

Roller shutter door closes, inner
shield door opens and the ICB
moves to the Lid Seal/Unbolting
Station within Inlet Cell

{

With the seal released and bolts
removed, ICB moves to the Lid
Removal Station. With the lid
removed ICB moves to the Package
Removal Station

{

Once on station, the containment
shroud descends, the overhead
hatch opens and the Package
Transfer Machine lifting mechanism
descends to engage on the DU

{

The DU is removed from the SWTC,
raised into the Package Transfer Area
and then horizontally for placement
on the Transfer Tunnel Bogie (TTB)

{

TTB moves along Transfer Tunnel to
the UILW Vault where a remotely
operated stacker truck unloads the
DU, moves to designated position,
lowers DU to vault floor or stack
position, emplaces DU and retreats
back to Crane Maintenance Area

STW arrives at shaft bottom and is
hauled by loco to the underground
SILW/LLW/RSILW/NNB SILW/TDC
Container Reception Area

IP2/TOP unloaded by OHTC
from STW and transferred into
SILW/LLW/ RSILW/NNB SILW/TDC
Temporary Storage Area (TSA)

i

Y

IP2 picked up from TSA by stacker
truck and moved via Vault Access
roadway to SILW/LLW Emplacement
Vault (EV) or TDC EV

J

TOP for RSILW or NNB SILW picked
up from TSA by stacker truck and
moved via Vault Access roadway

to the TOP unloading station in the

dedicated RSILW or NNB SILW Vault

Reception Area

On entering the SILW/LLW EV or TDC
EV stacker truck moves to design-
ated position, lowers IP2 to vault
floor or stack position, emplaces IP2
and retreats to Stacker Truck Garage
[Turning Area

J

Robotic Manipulator unbolts and
removes TOP lid and releases RSILW
or NNB SILW DU

{

Lifting mechanism of rail-mounted
stacker truck (RMST) engages with
RSILW or NNB SILW DU, removes it
from TOP, rotates 180° and
passes through shield door into
NNB SILW EV

|

On entering the RSILW or NNB SILW
EV RMST moves to designated
position, lowers RSILW or NNB SILW
DU to vault floor or stack position,
emplaces DU and retreats to TOP
unloading station
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Higher strength rock illustrative design drawings

E/DRG/0041021 | Overall Surface Layout - First Emplacement of LHGW

E/DRG/0041023 | Overall Surface Layout - End of Construction

E/DRG/0041026 | 2013 Derived Inventory — Underground Layout — End of Operational
Phase

E/DRG/0041027 | 2013 Derived Inventory — Underground Layout — Waste Categories

E/DRG/0041028 | 2013 Derived Inventory — UILW Underground Emplacement Support
Facilities — High and Low Level Layouts

E/DRG/0041029 | 2013 Derived Inventory — UILW Underground Emplacement Support
Facilities — Longitudinal Section

E/DRG/0041030 | 2013 Derived Inventory — UILW Disposal Vault Transfer and
Emplacement — Longitudinal Section

E/DRG/0041031 | 2013 Derived Inventory — SILW/LLW Disposal Vault Transfer and
Emplacement — Longitudinal Section

E/DRG/0041032 | 2013 Derived Inventory — UILW & SILW/LLW Disposal Vault Transfer
and Emplacement — Cross sections

E/DRG/0041033 | 2013 Derived Inventory — RSILW Container Disposal Vault Transfer
and Emplacement — Layout and Longitudinal Section

E/DRG/0041034 | 2013 Derived Inventory — NNB SILW Concrete Drum Disposal Vault
Transfer and Emplacement — Layout and Longitudinal Section

E/DRG/0041035 | 2013 Derived Inventory — RSILW Container & NNB SILW Concrete
Drum Vault Transfer and Emplacement — Cross-Sections

E/DRG/0041036 | 2013 Derived Inventory — HHGW Transfer Hall - Layout & Sections

E/DRG/0041037 | 2013 Derived Inventory — HHGW Disposal Tunnel and Deposition
Holes — Cross & Longitudinal Sections

E/DRG/0041038 | LHGW, HHGW & Common Services Area — Excavation Profiles

E/DRG/0041039 | SILW/DNLEU Disposal Vault Transfer and Emplacement Cross-

Section




(3)
—— [
s
SRR
h A
\ Key
Car Park
Road
Rail Track
) Rall Sidings
Hardstanding
Fencing
Shaft
Spoil Mound
) Drift
Perimeter Track
) HoV Parking Area
Internal Bus Park for Park & Ride
(13) Rack & Pinion Track
Il Waste and Container Receipt and Despatch Facilities
[ ] Management Centre
I Administration and Visitors Centre
Il Vorkshops and Services
I Construction and Mining Support Facilities
Uncontrolled Hard Copy
Arup \ E/DRG /0041021
AUBHO0
STaT/ReV | PPROVED | AHOREEOT Srar/mey | APPRVED | AHOREEDT Srar/mey | APPRCNED | ASORGEDT sra /ey | APPEoveD | ATSOREDT srar /ey | MPPEohed [WINREEDT oo romceo . | SECURITY CLASS] oren WS, | 50005103 CEOLOGICAL DISPOSAL FACILITY
ARUP
P_05 SLESSER_| IPHNSIR | P()_/ [ _SISSR | IPAMSTR | D)3 SLESSER | M.JOHNSON Not Protectively Marked | CHECKED oA J— kS 2013 INVENTORY FOR DISPOSAL
REVISION DETAILS ADDED REVISED ANNOTATION TO MEET FIRST REVISION OF SURFACE LAYOUT. THS DRAWING 15 THE PROPERTY OF | oo | SIESSR SUB v HIGHER STRENGTH ROCK
SECURITY REQUIREMENTS DRAWING NUMBER PREVIOUSLY USED RADIOACTIVE WASTE MANAGEMENT LTD Radioactive Waste | svsteu Overall Surface Lavout
AND MAY NOT WITHOUT THE EXPRESS y
FOR UNDERGROUND LAYOUT. WRITTEN CONSENT OF THE COMPANY ] m g
RENUMBERED AND RET/TLED. BE COPIED IN WHOLE OR IN PART First Emplacement of LHGW
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT 1S SUPPLED. |AUTHORISED|  M.JOHNSON UNITS METRES
DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE | RADIOACTIVE WASTE MANAGEMENT LTD BY RWM A 3 DRG. E RG OOL]H] OZ 1
TWARING DMILLIS TWARNG | S.ESSER AUBHOO | P.GASKELL UNDER CONTRACT T NN F e RO N -
NOV 16 APRLL 2016 DEC 14 INSTRUCTION No. RWMDD5040 1S DRAVING WUST 8E RETURN DATE DEC 14 SCALE | 1:5000 e 0. STAT /R0y




= =

= =]

W Jz7/zZ4

HAHI
HAHI AR

) Car Park

) Road

) Rail Track

) Rail Sidings
) Hardstanding

) Fencing

Shaft

" ) Spoil Mound

) Drift

) Perimeter Track

) HGV Parking Area

7 Internal Bus Park for Park & Ride

Rack & Pinion Track

Il Voste and Container Receipt and Despatch Facilities
I Vanagement Centre

I Administration and Visitors Centre
Il Vorkshops and Services

I Construction and Mining Support Facilities

STAT/Rey | APPROVED [ AUTHORISED srar /ey | APPROVED [ AUTHORISED syar /ey | APPROVED [ AUTHORISED] srar /ey | APPROVED | AUTHORSED srar/Rey | APPROVED | AUTHORISED
P_()/ | _SIESSR | IPHNSTR | p_ ()3 [ SIESR | WPAMSTER | p_ ()9 [ SIESSER | W.JOHNSON
REVISION DETAILS ADDED. REVISED ANNOTATIONS TO MEET ISSUED AS SURFACE LAYOUT DRAWING.
SECURITY REQUIREMENTS DRAWNG NUMBER PREVIOUSLY USED
DRAWING NUMBER PREVIOUSLY USED FOR UNDERGROUND LAYOUT.
FOR UNDERGROUND LAYOUT. RENUMBERED AND RETITLED.
RENUMBERED AND RETITLED.
DRAWN | CHECKED | DATE DRAWN | CHECKED | DATE DRAWN | CHECKED | DATE DRAWN | CHECKED | DATE DRAWN | CHECKED |  DATE
T.WARNG DWLLS Nov 16 AUBHOO | PEASKELL | oo,

DRAWING PRODUCED BY:
ARUP

ARUP

for
RADIOACTIVE WASTE MANAGEMENT LTD
UNDER CONTRACT
INSTRUCTION No. RWMDO5040

A.UBHOO

SECURITY CLASS| orawn

Not Protectively Marked | creckep —PSAKEL
THIS DRAWING IS THE PROPERTY OF S.LESSER
RADIOACTIVE WASTE MANAGEMENT LTD APPROVED

AND MAY NOT WITHOUT THE EXPRESS

WRITTEN CONSENT OF THE COMPANY

BE COPIED IN WHOLE OR IN PART

OR USED FOR ANY PURPOSE OTHER
THAN THAT FOR WHICH IT IS SUPPLIED, [AUTHORISED|  M.JOHNSON

ON COMPLETION OF THE ORDER

THIS DRAWING MUST BE RETURNED DATE DEC 2014

IMMEDIATELY TO THE COMPANY

Uncontrolled Hard Copy
ARUP | E/DRG /0041023

WBS. | 5000311.03 GEOLOGICAL DISPOSAL FACILITY
SYSTEM KSF 2013 INVENTORY FOR DISPOSAL

SUB HIGHER STRENGTH ROCK

SYSTEM - Overall Surface Layout

End of Construction
UNITS | METRES DRG.
SCALE | 1:5000 %Zé No. E/RG/OOLH 023 ?T;ORE%



AutoCAD SHX Text
Administration and Visitors Centre

AutoCAD SHX Text
Workshops and Services

AutoCAD SHX Text
Management Centre

AutoCAD SHX Text
Waste and Container Receipt and Despatch Facilities

AutoCAD SHX Text
Construction and Mining Support Facilities

AutoCAD SHX Text
Road

AutoCAD SHX Text
Hardstanding

AutoCAD SHX Text
Rail Sidings

AutoCAD SHX Text
%%UKey

AutoCAD SHX Text
Rail Track

AutoCAD SHX Text
Shaft

AutoCAD SHX Text
Drift

AutoCAD SHX Text
Car Park

AutoCAD SHX Text
Fencing

AutoCAD SHX Text
7

AutoCAD SHX Text
Spoil Mound

AutoCAD SHX Text
1

AutoCAD SHX Text
5

AutoCAD SHX Text
3

AutoCAD SHX Text
6

AutoCAD SHX Text
2

AutoCAD SHX Text
7

AutoCAD SHX Text
8

AutoCAD SHX Text
11

AutoCAD SHX Text
3

AutoCAD SHX Text
4

AutoCAD SHX Text
9

AutoCAD SHX Text
10

AutoCAD SHX Text
6

AutoCAD SHX Text
2

AutoCAD SHX Text
Perimeter Track

AutoCAD SHX Text
1

AutoCAD SHX Text
6

AutoCAD SHX Text
5

AutoCAD SHX Text
4

AutoCAD SHX Text
8

AutoCAD SHX Text
6

AutoCAD SHX Text
9

AutoCAD SHX Text
12

AutoCAD SHX Text
1

AutoCAD SHX Text
12

AutoCAD SHX Text
12

AutoCAD SHX Text
12

AutoCAD SHX Text
7

AutoCAD SHX Text
12

AutoCAD SHX Text
13

AutoCAD SHX Text
HGV Parking Area

AutoCAD SHX Text
Internal Bus Park for Park & Ride

AutoCAD SHX Text
10

AutoCAD SHX Text
11

AutoCAD SHX Text
13

AutoCAD SHX Text
Rack & Pinion Track

AutoCAD SHX Text
UNDER CONTRACT

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
for

AutoCAD SHX Text
DRAWING PRODUCED BY:

AutoCAD SHX Text
SUB

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
No.

AutoCAD SHX Text
DRG.

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
SECURITY CLASS

AutoCAD SHX Text
A3

AutoCAD SHX Text
SIZE

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
W.B.S.

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
SCALE

AutoCAD SHX Text
DATE

AutoCAD SHX Text
THIS DRAWING IS THE PROPERTY OF

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
AND MAY NOT WITHOUT THE EXPRESS

AutoCAD SHX Text
WRITTEN CONSENT OF THE COMPANY

AutoCAD SHX Text
BE COPIED IN WHOLE OR IN PART

AutoCAD SHX Text
OR USED FOR ANY PURPOSE OTHER

AutoCAD SHX Text
THAN THAT FOR WHICH IT IS SUPPLIED.

AutoCAD SHX Text
ON COMPLETION OF THE ORDER

AutoCAD SHX Text
THIS DRAWING MUST BE RETURNED

AutoCAD SHX Text
IMMEDIATELY TO THE COMPANY

AutoCAD SHX Text
UNITS

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
GEOLOGICAL DISPOSAL FACILITY

AutoCAD SHX Text
Overall Surface Layout

AutoCAD SHX Text
End of Construction

AutoCAD SHX Text
E/DRG/0041023

AutoCAD SHX Text
P-04

AutoCAD SHX Text
50003.11.03

AutoCAD SHX Text
KSF

AutoCAD SHX Text
LY

AutoCAD SHX Text
METRES

AutoCAD SHX Text
1:5000

AutoCAD SHX Text
A.UBHOO

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
M,JOHNSON

AutoCAD SHX Text
DEC 2014

AutoCAD SHX Text
Not Protectively Marked

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
INSTRUCTION No. RWMD05040

AutoCAD SHX Text
P-02

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
M.JOHNSON

AutoCAD SHX Text
ISSUED AS SURFACE LAYOUT DRAWING.

AutoCAD SHX Text
DRAWING NUMBER PREVIOUSLY USED

AutoCAD SHX Text
FOR UNDERGROUND LAYOUT.

AutoCAD SHX Text
RENUMBERED AND RETITLED.

AutoCAD SHX Text
A.UBHOO

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
DEC 14

AutoCAD SHX Text
P-03

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
REVISED ANNOTATIONS TO MEET

AutoCAD SHX Text
SECURITY REQUIREMENTS

AutoCAD SHX Text
DRAWING NUMBER PREVIOUSLY USED

AutoCAD SHX Text
FOR UNDERGROUND LAYOUT.

AutoCAD SHX Text
RENUMBERED AND RETITLED.

AutoCAD SHX Text
P-04

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
REVISION DETAILS ADDED.

AutoCAD SHX Text
T.WARING

AutoCAD SHX Text
D.WILLIS

AutoCAD SHX Text
NOV 16

AutoCAD SHX Text
Uncontrolled Hard Copy

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
E/DRG/0041023

AutoCAD SHX Text
2013 INVENTORY FOR DISPOSAL

AutoCAD SHX Text
HIGHER STRENGTH ROCK


2310m |
DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA O\
MODULE 1 MODULE 2 MODULE 3 MODULE 4 \j/ VLW DISPOSAL VAULT
_ N
—_ - :/21\} —_— \2/ UILW INLET CELL
(22) - ('3) UILW PACKAGE TRANSFER
\& N
<4> UILW TRANSPORT CONTAINER TRANSFER LINE
£ <5> UILW RECEPTION /MARSHALLING AREA (HIGH)
S 580 570 680 -
S 580m 570m ‘ 680m i : @) UILW RECEPTION /MARSHALLING AREA (LOW)
C%j UILW ACTIVE AREA SUPPORT FACILITY
SILW/LLW N uiLw (8) COMMON ('8) UILW TRANSFER TUNNEL
MODULE 2 \*/\ MODULE 1 /\J SERVICE AREA ><
—~ —~ —~ ] i ("9 ) LHGW EFFLUENT RECEPTION/DESPATCH
| %r: e 7) ‘2@ 19) = = \\—i/
o me s 7 / T / - Q)LHGW SERVICE TUNNELS
_ (] I ] = >
o fEeYeYe— = ‘ -
ONE——— H—— , (1) LHGW BACKFILL GALLERY
- [ | \ N/
| | [ - ‘/ \‘
:ﬁi /P \‘ l \\ \17/ SILW/LLW DISPOSAL VAULT
— =] 10 cﬁ;w NN \ = o (13)
[ iE —————— ) = ,J\lO ) ‘\WS/‘ \/\1:3< SILW/LLW FORKLIFT GARAGE /TURNING AREA
P ———— u (14) SILW/LLW TEMPORARY STORE
U (29) (4) [(13) . h (1)
£ X 2 Y I 0 ol — > ) o (15) SILW/LLW VAULT ACCESS
ST VenN TN P - el H- \) (1)
5 ‘\39‘\%7 / — \\ - S — NN . (1) SILW/LLW HEPA FILTERS
) _ — ~(99) ) (24)  (925) & <
. " ——— NN 3 67 /) HHGW/LHGW SPOIL BUNKER
(o1 [ N (2) \ — ) N =
W ;;ﬂL = % o) @ ) HHGW/LHGW VENTILATION HALL
)\ I —— —
— Ak H T _ O L ‘69/‘ HHGW/LHGW SUPPORT HALLS
[ - VRN ] -
E\‘ 744—1[: (3) = ~ TN
o o/ e | (78) (20 ) HHGW TRANSFER HALL
T OoF————*0 N x> \2°) \/
~{ \/ [E— (8) = B ()
A /ﬁ W e N 5 5 (21) HHGW TRANSPORT TUNNEL
&) v OV
- SILW/LLwW Wlllse=———————x (22) HHGW SERVICE TUNNEL
a1 MODULE 1 i ——— e
UILW ‘\27/‘ HHGW DISPOSAL TUNNEL ENTRANCE
MODULE 2 y
U U @‘D HHGW DISPOSAL TUNNEL
) [} _—
[ [ o2
‘\%5/‘ HHGW DEPOSITION HOLE
VA
| ‘\776/‘ ACCESS SHAFTS
E (77
(% i L \:7/ BORED DRIFT
' ] X (78) DRILL & BLAST DRIFT
NG I
N w\Z?/w DRIFT EXTENSION
JEN
‘/2*2\ w\EQ/w RSILW CONTAINER DISPOSAL VAULT
2/ P
‘\31/ NNB SILW CONCRETE DRUM DISPOSAL VAULT
o T (52) DNLEU VAULTS
DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA e
MODULE 5 MODULE 6 MODULE 7 MODULE 8
LEGEND
CONSTRUCTION INTAKE
CONSTRUCTION RETURN
EMPLACEMENT INTAKE
EMPLACEMENT RETURN
Uncontrolled Hard Copy
ARUP | E/DRG/0041026
STAT/REV | APPROVED | AUTHORISED] sTaT/REV | APPROVED | AUTHORISEDY STAT/REV | APPROVED | AUTHORISED] STAT/REV | APPROVED | AUHORISED) STAT/REV | APPROVED | AUTHORISED DRAWING PRODUCED BY: SECURITY CLASS] orawn R.STACEY W.B.S. | 50003.11.03 GEOLOGICAL DISPOSAL FACILITY
P02 SLESSER | IPHIMISTER ARUP Not Protectively Marked |creckep [—P-SASKELL SYSTEM KSF 2013 INVENTORY FOR DISPOSAL
UPDATED FOLLOWING IMPLEMENTATION OFf THIS DRAWING IS THE PROPERTY OF S.MILWARD SUB HIGHER STRENGTH ROCK
CRS4 REVESED NUNER OF VAULTS ARUP A s Y = Radioactive Waste | oo | 1! UNDERGROUND LAYOUT
T0 20 AND 11 NEW VAULTS ADDED Management
FOR DNLEU PACKED IN TDC'S ML EOPIED In WHOLE R I PrAT END OF OPERATIONAL PHASE
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT IS SUPPLIED, JAUTHORISED| _ M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RAD‘OACWUEN[V)Vé%sTgOmsﬁcGTEMENT LD ON COMPLETION OF THE ORDER AB DRC. E/ RG/OOL]H] 026 P/OZ
NROBERTSON | PEASKELL |1y o016 INSTRUCTION No. 007927 THIS DRANNG WUST 8E RETURNED | pTE | ARCH 2015 SCALE 1:10000 <oE | No. STAT/REV



AutoCAD SHX Text
5

AutoCAD SHX Text
12

AutoCAD SHX Text
6

AutoCAD SHX Text
10

AutoCAD SHX Text
9

AutoCAD SHX Text
32

AutoCAD SHX Text
1

AutoCAD SHX Text
4

AutoCAD SHX Text
7

AutoCAD SHX Text
UILW DISPOSAL VAULT UILW INLET CELL UILW PACKAGE TRANSFER UILW TRANSPORT CONTAINER & STILLAGE TRANSFER LINES UILW RECEPTION/MARSHALLING AREA (HIGH) UILW RECEPTION/MARSHALLING AREA (LOW) UILW ACTIVE AREA SUPPORT FACILITY UILW TRANSFER TUNNEL LHGW EFFLUENT RECEPTION/DESPATCH LHGW SERVICE TUNNELS LHGW BACKFILL GALLERY SILW/LLW DISPOSAL VAULT SILW/LLW FORKLIFT GARAGE/TURNING AREA SILW/LLW TEMPORARY STORE SILW/LLW VAULT ACCESS SILW/LLW HEPA FILTERS HHGW/LHGW SPOIL BUNKER HHGW/LHGW VENTILATION HALL HHGW/LHGW SUPPORT HALLS HHGW TRANSFER HALL HHGW TRANSPORT TUNNEL HHGW SERVICE TUNNEL HHGW DISPOSAL TUNNEL ENTRANCE HHGW DISPOSAL TUNNEL HHGW DEPOSITION HOLE ACCESS SHAFTS BORED DRIFT DRILL & BLAST DRIFT DRIFT EXTENSION RSILW CONTAINER DISPOSAL VAULT NNB SILW CONCRETE DRUM DISPOSAL VAULT DNLEU VAULTS

AutoCAD SHX Text
2

AutoCAD SHX Text
16

AutoCAD SHX Text
14

AutoCAD SHX Text
8

AutoCAD SHX Text
15

AutoCAD SHX Text
10

AutoCAD SHX Text
23

AutoCAD SHX Text
13

AutoCAD SHX Text
18

AutoCAD SHX Text
22

AutoCAD SHX Text
26

AutoCAD SHX Text
11

AutoCAD SHX Text
17

AutoCAD SHX Text
20

AutoCAD SHX Text
21

AutoCAD SHX Text
25

AutoCAD SHX Text
LEGEND

AutoCAD SHX Text
19

AutoCAD SHX Text
28

AutoCAD SHX Text
CONSTRUCTION INTAKE CONSTRUCTION RETURN EMPLACEMENT INTAKE EMPLACEMENT RETURN

AutoCAD SHX Text
DEPOSITION AREA MODULE 8

AutoCAD SHX Text
DEPOSITION AREA MODULE 7

AutoCAD SHX Text
DEPOSITION AREA MODULE 2

AutoCAD SHX Text
24

AutoCAD SHX Text
DEPOSITION AREA MODULE 6

AutoCAD SHX Text
27

AutoCAD SHX Text
DEPOSITION AREA MODULE 5

AutoCAD SHX Text
COMMON SERVICE AREA

AutoCAD SHX Text
SILW/LLW MODULE 1

AutoCAD SHX Text
DEPOSITION AREA MODULE 4

AutoCAD SHX Text
UILW MODULE 2

AutoCAD SHX Text
DEPOSITION AREA MODULE 1

AutoCAD SHX Text
DRIFT TO SURFACE

AutoCAD SHX Text
DEPOSITION AREA MODULE 3

AutoCAD SHX Text
SILW/LLW MODULE 2

AutoCAD SHX Text
11

AutoCAD SHX Text
UILW MODULE 1

AutoCAD SHX Text
1

AutoCAD SHX Text
15

AutoCAD SHX Text
30

AutoCAD SHX Text
31

AutoCAD SHX Text
16

AutoCAD SHX Text
29

AutoCAD SHX Text
12

AutoCAD SHX Text
14

AutoCAD SHX Text
26

AutoCAD SHX Text
13

AutoCAD SHX Text
11

AutoCAD SHX Text
1

AutoCAD SHX Text
17

AutoCAD SHX Text
8

AutoCAD SHX Text
18

AutoCAD SHX Text
20

AutoCAD SHX Text
21

AutoCAD SHX Text
22

AutoCAD SHX Text
23

AutoCAD SHX Text
22

AutoCAD SHX Text
24

AutoCAD SHX Text
21

AutoCAD SHX Text
25

AutoCAD SHX Text
22

AutoCAD SHX Text
29

AutoCAD SHX Text
8

AutoCAD SHX Text
4

AutoCAD SHX Text
2

AutoCAD SHX Text
5

AutoCAD SHX Text
6

AutoCAD SHX Text
10

AutoCAD SHX Text
7

AutoCAD SHX Text
19

AutoCAD SHX Text
29

AutoCAD SHX Text
30

AutoCAD SHX Text
9

AutoCAD SHX Text
3

AutoCAD SHX Text
3

AutoCAD SHX Text
31

AutoCAD SHX Text
32

AutoCAD SHX Text
28

AutoCAD SHX Text
UNDER CONTRACT

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
for

AutoCAD SHX Text
DRAWING PRODUCED BY:

AutoCAD SHX Text
SUB

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
No.

AutoCAD SHX Text
DRG.

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
SECURITY CLASS

AutoCAD SHX Text
A3

AutoCAD SHX Text
SIZE

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
W.B.S.

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
SCALE

AutoCAD SHX Text
DATE

AutoCAD SHX Text
THIS DRAWING IS THE PROPERTY OF

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
AND MAY NOT WITHOUT THE EXPRESS

AutoCAD SHX Text
WRITTEN CONSENT OF THE COMPANY

AutoCAD SHX Text
BE COPIED IN WHOLE OR IN PART

AutoCAD SHX Text
OR USED FOR ANY PURPOSE OTHER

AutoCAD SHX Text
THAN THAT FOR WHICH IT IS SUPPLIED.

AutoCAD SHX Text
ON COMPLETION OF THE ORDER

AutoCAD SHX Text
THIS DRAWING MUST BE RETURNED

AutoCAD SHX Text
IMMEDIATELY TO THE COMPANY

AutoCAD SHX Text
UNITS

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
GEOLOGICAL DISPOSAL FACILITY

AutoCAD SHX Text
UNDERGROUND LAYOUT

AutoCAD SHX Text
END OF OPERATIONAL PHASE

AutoCAD SHX Text
E/DRG/0041026

AutoCAD SHX Text
P/02

AutoCAD SHX Text
50003.11.03

AutoCAD SHX Text
KSF

AutoCAD SHX Text
LY

AutoCAD SHX Text
METRES

AutoCAD SHX Text
1:10000

AutoCAD SHX Text
R.STACEY

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
S.MILWARD

AutoCAD SHX Text
M.JOHNSON

AutoCAD SHX Text
MARCH 2015

AutoCAD SHX Text
Not Protectively Marked

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
INSTRUCTION No. 007927

AutoCAD SHX Text
P02

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
UPDATED FOLLOWING IMPLEMENTATION OF

AutoCAD SHX Text
CR54 REVISED NUMBER OF VAULTS

AutoCAD SHX Text
TO 20 AND 11 NEW VAULTS ADDED

AutoCAD SHX Text
FOR DNLEU PACKED IN TDC'S

AutoCAD SHX Text
N.ROBERTSON

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
JULY 2016

AutoCAD SHX Text
Uncontrolled Hard Copy

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
E/DRG/0041026

AutoCAD SHX Text
2013 INVENTORY FOR DISPOSAL

AutoCAD SHX Text
HIGHER STRENGTH ROCK


LHGW NUMBER OF
DISPOSAL VAULTS
: 2310m :
B ccoacy sitw/uw 5.0
DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA
MODULE 1 MODULE 2 MODULE 3 MODULE 4 . NNB SILW 1.0
o ‘ _
B Rsiw 1.0
£ 580m | 570m 680m DNLEU (S\LV\/) 11.0
LEGACY UILW 18.0
@‘O%LLELWZ UILW COMMON ]
1 MODULE 1 SERVICE ARFA
T P — B
—_— B oncEu (uiLw) 0.5
f:ji D E—
| | I
= L ——
i i H Il B s uiLw 1.5
[ ——— e — | .
::ji | D —
= == = o
[ —— L ———— ]
= |
E B B—H TOTAL LHGW 38.0
'e)
e S O
E I
o~ L —
i i L ] N 5 HHGW NUMBER OF
% q ' % | N DISPOSAL TUNNELS
= = im
[ —
i I | K B ceoacy Huw 37.3
| — = [N}
KR N 1] .-
[ D— =3
= = = LEGACY AGR SF 33.9
1 MODULE 1 =
m Il coroy PuR SF 8.9
MODULE 2
[ ccacy MaGNOX /PFR SF 13.3
&
3 | B pu/HEU 15.1
] I vox s 62.6
-+ : | . B s sF 138.8
DEPOSITION ARFA DEPOSITION ARFA DEPOSITION ARFA DEPOSITION ARFA
MODULE 5 MODULE 6 MODULE 7 MODULE 8
TOTAL HHGW 310.0
Uncontrolled Hard Copy
ARUP | E/DRG/0041027
STAT/REV | APPROVED | AUTHORISED sTaT/REV | APPROVED | AUTHORISEDY STAT /REV | APPROVED | AUTHORISEDL STAT/REV | APPROVED | ATHORISED STAT/REV | APPROVED. | AUTHORISED DRAWING PRODUCED BY: SECURITY CLASS] orawn RSTACEY W.B.S. | 50003.11.03 GEOLOGICAL DISPOSAL FACILITY
P02 SLESSER | IPHIMISTER ARUP Not Protectively Marked |creckep [—P-SASKELL SYSTEM KSF 2013 INVENTORY FOR DISPOSAL
UPDATED FOLLOWING IMPLEMENTATION OF} THIS DRAWING IS THE PROPERTY OF SMLWARD SUB HIGHER STRENGTH ROCK
APPROVED LY
arateril ARUP [ I Ry | UeEFa1g Lol
WRITTEN. CONSENT OF THE COMPANY
FOR DNLEL PACKAGED IN TDC'S R USFD.FoR AN PURBOSE OTLER WASTE CATECORES
for THAN THAT FOR WHICH IT IS SUPPLIED. JAUTHORISED|  M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RAD‘OACT‘VUEN[V)VEARSTgOms:cGTEMENT LD ON COMPLETION OF THE ORDER AB DRC. E/ RG/OOL]H] 027 P/OZ
N.ROBERTSON | P.GASKELL LY 2016 INSTRUCTION No. 007927 THIS DRAWING MUST BE RETURNED DATE MARCH 2015 SCALE 1:10000 SIZE No.

IMMEDIATELY TO THE COMPANY

STAT/REV



AutoCAD SHX Text
MODULE 7

AutoCAD SHX Text
MODULE 6

AutoCAD SHX Text
DEPOSITION AREA

AutoCAD SHX Text
DEPOSITION AREA

AutoCAD SHX Text
DEPOSITION AREA

AutoCAD SHX Text
DEPOSITION AREA

AutoCAD SHX Text
MODULE 5

AutoCAD SHX Text
DEPOSITION AREA

AutoCAD SHX Text
DEPOSITION AREA

AutoCAD SHX Text
DEPOSITION AREA

AutoCAD SHX Text
MODULE 1

AutoCAD SHX Text
MODULE 2

AutoCAD SHX Text
MODULE 8

AutoCAD SHX Text
COMMON

AutoCAD SHX Text
MODULE 4

AutoCAD SHX Text
SILW/LLW

AutoCAD SHX Text
MODULE 3

AutoCAD SHX Text
DEPOSITION AREA

AutoCAD SHX Text
MODULE 1

AutoCAD SHX Text
SILW/LLW

AutoCAD SHX Text
UILW

AutoCAD SHX Text
SERVICE AREA

AutoCAD SHX Text
UILW

AutoCAD SHX Text
MODULE 1

AutoCAD SHX Text
SURFACE

AutoCAD SHX Text
MODULE 2

AutoCAD SHX Text
DRIFT TO

AutoCAD SHX Text
MODULE 2

AutoCAD SHX Text
NNB SILW

AutoCAD SHX Text
5.0

AutoCAD SHX Text
LEGACY SILW/LLW

AutoCAD SHX Text
RSILW

AutoCAD SHX Text
1.0

AutoCAD SHX Text
DISPOSAL VAULTS

AutoCAD SHX Text
NUMBER OF

AutoCAD SHX Text
NNB UILW

AutoCAD SHX Text
1.0

AutoCAD SHX Text
DNLEU (SILW)

AutoCAD SHX Text
TOTAL LHGW

AutoCAD SHX Text
LEGACY UILW

AutoCAD SHX Text
38.0

AutoCAD SHX Text
18.0

AutoCAD SHX Text
11.0

AutoCAD SHX Text
LEGACY HLW

AutoCAD SHX Text
1.5

AutoCAD SHX Text
LEGACY PWR SF

AutoCAD SHX Text
LHGW

AutoCAD SHX Text
LEGACY AGR SF

AutoCAD SHX Text
37.3

AutoCAD SHX Text
LEGACY MAGNOX/PFR SF

AutoCAD SHX Text
33.9

AutoCAD SHX Text
13.3

AutoCAD SHX Text
8.9

AutoCAD SHX Text
DISPOSAL TUNNELS

AutoCAD SHX Text
NUMBER OF

AutoCAD SHX Text
PU/HEU

AutoCAD SHX Text
MOX SF

AutoCAD SHX Text
NNB SF

AutoCAD SHX Text
TOTAL HHGW

AutoCAD SHX Text
15.1

AutoCAD SHX Text
62.6

AutoCAD SHX Text
138.8

AutoCAD SHX Text
310.0

AutoCAD SHX Text
HHGW

AutoCAD SHX Text
DNLEU (UILW)

AutoCAD SHX Text
0.5

AutoCAD SHX Text
UNDER CONTRACT

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
for

AutoCAD SHX Text
DRAWING PRODUCED BY:

AutoCAD SHX Text
SUB

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
No.

AutoCAD SHX Text
DRG.

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
SECURITY CLASS

AutoCAD SHX Text
A3

AutoCAD SHX Text
SIZE

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
W.B.S.

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
SCALE

AutoCAD SHX Text
DATE

AutoCAD SHX Text
THIS DRAWING IS THE PROPERTY OF

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
AND MAY NOT WITHOUT THE EXPRESS

AutoCAD SHX Text
WRITTEN CONSENT OF THE COMPANY

AutoCAD SHX Text
BE COPIED IN WHOLE OR IN PART

AutoCAD SHX Text
OR USED FOR ANY PURPOSE OTHER

AutoCAD SHX Text
THAN THAT FOR WHICH IT IS SUPPLIED.

AutoCAD SHX Text
ON COMPLETION OF THE ORDER

AutoCAD SHX Text
THIS DRAWING MUST BE RETURNED

AutoCAD SHX Text
IMMEDIATELY TO THE COMPANY

AutoCAD SHX Text
UNITS

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
GEOLOGICAL DISPOSAL FACILITY

AutoCAD SHX Text
UNDERGROUND LAYOUT

AutoCAD SHX Text
WASTE CATEGORIES

AutoCAD SHX Text
E/DRG/0041027

AutoCAD SHX Text
P/02

AutoCAD SHX Text
50003.11.03

AutoCAD SHX Text
KSF

AutoCAD SHX Text
LY

AutoCAD SHX Text
METRES

AutoCAD SHX Text
1:10000

AutoCAD SHX Text
R.STACEY

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
S.MILWARD

AutoCAD SHX Text
M.JOHNSON

AutoCAD SHX Text
MARCH 2015

AutoCAD SHX Text
Not Protectively Marked

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
INSTRUCTION No. 007927

AutoCAD SHX Text
P02

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
UPDATED FOLLOWING IMPLEMENTATION OF

AutoCAD SHX Text
CR54 REVISED NUMBER OF VAULTS

AutoCAD SHX Text
TO 20 AND 11 NEW VAULTS ADDED

AutoCAD SHX Text
FOR DNLEU PACKAGED IN TDC'S

AutoCAD SHX Text
N.ROBERTSON

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
JULY 2016

AutoCAD SHX Text
Uncontrolled Hard Copy

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
E/DRG/0041027

AutoCAD SHX Text
2013 INVENTORY FOR DISPOSAL

AutoCAD SHX Text
HIGHER STRENGTH ROCK


20t Maint Active Area N :
Crane wmitehmnce L — Package Removal Lid/Seal Unbolting Container Transfer Line
orkshop — i :
P Tool i Package (below) Lid Removal| Machine Transfer Station 80t Transfer Crane
Monitor Machine (below)
(below)
1 \ ¢ Y
¢ = [ i i =" mas | &
— i e | L
2O W] L R ame &
77777777777777777777777777777777777 Dowr\_ﬁ_u, 1 Do [T ] [ 100 o1 [ 1| ) |
Tmnsfer Bogie— = !
———— To Roadway Decon. Cell B To Roadway ~——
Transfer Bogie —— = — Package  Monitoring Glazed
Maintenance Transfer & Decon. Observation
Area Machine  (below) Area
Cable Reeling ———
Room

Underground UILW Emplacement Undgnrgirr;und

Support Facilities - High Level = Control Room

—————— To Surface Via Roadway/Drift o To SILW/LLW Reception Areq ————=
I
} }Packoge Package Removal Lid/Seal Unbolting Setdown Position for Inlet Cell Bogie
Spare Lids Spare Active Liquid —— |, } }Momtormg Lid Tmn;fer ‘Empties’ 80t Transfer — 'Arrivals’
Transfer Effluent Receipt M [ Removal Station Temporary Crane Ternporary
Bogie & Despatch Area | } } Storage Area Storage Area

=t

an
0

[ [

— — wl - A
b |
mamllEE \\,fffff,, E

¥ - L
up L /L/;l\ /':J Container To Roadway ————=—
Change Control Monitoring and B Air Lock Recept|on Area

g3
|D>4‘><Q| |

| I —

HE ]

I ommze H |

—————— To Roadway

Active Liquid Effluent - Spare Inlet - Air Lock

Bowser Filling Station  Cell Bogie Decontamination

. ——f——— Main Underground
Active Area Control Room (over)
Support

Underground UILW Emplacement
| Facility ;

Support Facilities - Low Level
g .

[ [ [ [N [T e ————————]
Emplacement Personnel Access & Marshalling Area —= =

| |

| |

| |

| |

I — T N T — e e

| |

| | T 7

| | I T

—————— To Surface Via Roadway/Drift } } = To SILW/LLW Reception Areq —————= Uncontrolled Hard COPY
‘ ‘ WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041028
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED DRAWING PRODUCED BY: R.STACEY
STAT/REV | “ay"pg v run | STAT/REV | gy pg v run | STAT/REV | By g v ru | STAT/REV | gy g By run | STAT/REV | gy g BY RWM wse | parsons rickeriorr | SECURITY  CLASS| prawn WBS. GEOLOGICAL DISPOSAL FACILITY
P—03 |- | IPAMSER § D_()7 | SUAHU | IPHMSTER WSP | Not Protectively Marked |cHeckeD —T-SAKEL SYSTEM KSF 2013 DERIVED INVENTORY
BRINCKERMOFF
REVISED IN LINE WITH CLIENT COMMENTS | REVISED TO RWM COMMENTS ‘ THS DRANG IS THE PROPERTY OF | opo 0y el S WILVARD SUB Ly HIGHER STRENGTH ROCK
MARCH 2017 e o g | A0 WA NoT WIHOUT i Cices 5 rodioactive Weste | o=t UNDERGROUND UILW EMPLACEVENT SUPPORT FACLITES
WRITTEN CONSENT OF THE COMPANY Management
i BE COPIED IN WHOLE OR IN PART HIGH & LOW LEVEL LAYOUTS
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT I SUPPLIED. JAUTHORISED| _ M.JOHNSON UNITS VETRES
DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN [ CHECKED DATE | RADIOACTIVE WASTE MaNAGEMENT Lo [ 70 © 0 5 BY RWM AB DRC. E RG OOLH OZS P 03
M. PADLEY | P. GASKELL RSINGLETON | P.GASKELL UNDER CONTRACT THIS DRAWNG MUST BE RETURNED N .
MARCH 2017 JULY 2016 INSTRUCTION No. RWM 007927 1S DRAWING MUST BE RETURN DATE DEC 2014 SCALE NTS SIZE 0 STAT/REY




Transfer Bogie

20t Maint.Crane Tool Change — Maintenance Area
— Package Transfer
Active Area — — Transfer Tunnel Machine : - o
— Empt — Arrival
Maintenance  Lid — Lid/Sedl — 80t Tronsfer [ Tommorary Tomporary
Workshop Removal Unbalting Crane Storage Area Storage Areq
el ‘ ' AT
. ' [ ]
Spare Lids — I ;
i N ‘ r
o= =] =] —i = B =
| I [ L, ]
SpareTlransfer Bog'eJ L L ﬁ L N C :
Active Liquid — Change - Package & Package Removal Setdown Position ontainer
Spare Inlet Cell Bogie Effluent Receipt Control Monitoring Monitoring and for Inlet Cell Bogie  Reception Area
& Despatch Area S
Decontamination

Underground UILW Emplacement Support Facilities - Longitudinal Section 1-1

20t MO'WCWﬂe—l Transfer Tunnel— — J{i?f;i;f&giireq — Steel Shielding —EOT Transfer
rane
\
~ [
- v r g;,%?;gjt AL
********************* - |
e e A= N o 7 e | e
‘rﬂ j\ \r 1R - ,:,l,jl :f"; ; ;“ “;’” ;1 “;" ””_‘%L’r
< To Surface Via Roadway/Drift J L To UILW/LLW Reception Areq ———=
Active Liquid Fffluent Air Lock Monitoring and Container
Bowser Filing Station Jecontaminatior Reception Area

Underground UILW Emplacement Support Facilities - Longitudinal Section 2-2 —
ncontrolie ar opy

WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041029
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED DRAWING PRODUCED BY: D.FENWICK
STAT/REV | “ay"pg v run | STAT/REV | gy pg v run | STAT/REV | By g v ru | STAT/REV | gy g By run | STAT/REV | gy g BY RWM wse | parsons srckeriorr | OECURITY  CLASS| prawn WBS. GEOLOGICAL DISPOSAL FACILITY
P703 S. MAJHU |.PHIMISTER p702 S.MAJHU |.PHIMISTER SP | Not F“r'otecﬁve\; Marked | checkeD P.GASKELL SYSTEM KSF 2013 DERIVED INVENTORY
W BRINCKERMOFF
REVISED IN LINE WITH CLIENT COMMENTS | REMOVAL OF SUPERFLUOUS ‘ THS DRANG IS THE PROPERTY OF | opo 0y el S WILVARD SUB Ly HIGHER STRENGTH ROCK
MARCH 2017 ANNOTATIONS. . D W NoT MTHOUT ToE EXPRESS r Radioactive Waste | - “¢- UNDERGROUND UILW EMPLACEMENT SUPPORT FACILITIES
T | WRITTEN CONSENT OF THE COMPANY Management
w BE COPIED IN WHOLE OR IN PART LONGITUDINAL SECTIONS
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT I SUPPLIED. JAUTHORISED| _ M.JOHNSON UNITS VETRES
DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD BY RWM AB DRG. E RG OO41 O29

M. PADLEY | P. GASKELL TPRATT | P.GASKELL UNDER CONTRACT T S D P - O 3
MARCH 2017 0CT 2016 INSTRUCTION No. RWM 007927 1 DRAVNC WUST BE RETURN DATE DEC 2014 SCALE 1:375 e No. STAT/REY




1

Emplacement
Crane

- |

Crane
Maintenance
Area

Shield
Door

Ventilation
Outlet

|

N N

Transfer Tunnel

Maintenance
Hatch

|
| SE Access
\ S | adder
| — Ventilation
| - Inlet
— Control
Uncontrolled Hard Copy
PARSONS BRINCKERHOFF ‘ £/DRG,/0041030
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED : R.STACEY
STAT/REV | “ay"pg v run | STAT/REV | gy og v run | STAT/REV | By g v ru | STAT/REV | “gy'pg By run | STAT/REV | gy g BY RWM WSPDTA&ggOZEOgLRJ%EcaEERYHOFF SECURITY CLASS| prawn WBS. GEOLOGICAL DISPOSAL FACILITY
; P.GASKELL 2013 DERIVED INVENTORY
PRC o N EE
RADIOACTIVE WASTE MANAGEMENT 170 JAPPROVED - Radiloactive Waste SYSTEM LY
s oo conss 10 seoneraoso | AND MAY NOT WITHOUT THE EXPRESS n UILW DISPOSAL VAULT TRANSFER AND EMPLACEMENT
ot sy Management
o n "0E COPIED N 'WHOLE 'OR N BART. LONGITUDINAL SECTION
for 904 AT FOR Whioh T S SUPLED. [AUTHORISFD]  WJORNSON UNTS | WETRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RAD‘OACT‘VUENS/EASEONTARN:&EMENT LD ON COMPLETION OF THE ORDER AE DRC. E/RG/OOL]H] OSO P= O H
INSTRUCTION No. RWM 007927 T S BE BE D DATE DEC 2014 SCALE 1:150 SIZE No. STAT/REV




- Ventilation
I Outlet T

’_[ /J/ o T
N 1

= | | |
[ | ‘ ‘
N ‘ ‘
S | | I_/
[1] ‘ ‘
[

Free Steered Stacker Truck
o
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041031
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED B
STAT/REV | "ay"pg v rwi | STAT/REV | Ty g B Rwi | STAT/REV | "oy B Rwi | STAT/REV | Moy g By rwM | STAT/REV | Taypg BY RWM wse | parsone srckeriore | SECURITY CLASS| orawn WBS. GEOLOGICAL DISPOSAL FACILITY
P—(03 S | \PANSTER | D_()) | SMARU_ | IPHMISTER WSP | PARSONS Not Protectively Marked |cHECKED SYSTEM KSF 2013 DERIVED INVENTORY
BRINCKERMHOFF
REVISED IN LINE WITH CLIENT COMMENTS| REVISED STACKER TRUCK TO REMOVE ‘ TS DRAWNG 5 THE PROPERIY 0 | oo e SUB Iy HIGHER STRENGTH ROCK
MARCH 2017 EXHAUST AND AVENDED ANNOTATION. |1 vwesen | DT HoT 0L ToE EXPRESS Radioactive Waste | srsiex SILW/LLW DISPOSAL VAULT TRANSFER AND EMPLACEMENT
e | ECORE N ol 0F b BatT Management LONGITUDINAL_SECTION
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT IS SUPPLIED. JAUTHORISED| _ M.JOHNSON
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ON COMPLETION OF THE ORDER UNITS METRES AB DRG E D RG OO4 1 03 1] P 03
M. PADLEY | P. OASKELL | yugeyy 9p17 |RSINGLETON | POASKELL 1y gpig INSTRUCTION Nev. RWM 007927 THIS DRANNG MUST BE REIURNED | paTE DEC 2014 SCALE 1:100 No -
o IMMEDIATELY TO THE COMPANY . SIZE . STAT/REV




16.0m High Excavation

Limit of Crane
Travel

8.8m Package Stack Height

0.2m Sprayed Concrete

Emplacement Crane

Floor Slab

Drainage Channel

Structural Concrete

0.2m Sprayed Concrete

0.9m

15.0m High Excavation

11.0m Package Stack Height

Nirex Reference .
. Nirex Reference
Vault Bockfll Vault Backfil
12.8m
0.2m Sprayed Concrete Package Stack Width 0.2m Sprayed Concrete 15.8m Package Stack Width 0.2m Sprayed Concrete
I I
16.2m Wide Excavation 16.1m Wide Excavation
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041032
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED B R STACEY
STAT/REV | “ay"pg v run | STAT/REV | gy pg v run | STAT/REV | By g v ru | STAT/REV | gy g By run | STAT/REV | gy g BY RWM WSPDTAFWAESOEEOBFE%%DKE?HW SECURITY CLASS| prawn WBS. GEOLOGICAL DISPOSAL FACILITY
P—02 2w LANETR WSP | PARSONS Not Protectively Marked |creckep [— KL SYSTEM KsF 2013 DERIVED INVENTORY
BRINCKERHOFF
UPDATED THE PACKAGE SPACING ‘ TS DRANG 1S THE PROPERTY OF |, op 00 e SMILWARD SUB Ly HIGHER STRENGTH ROCK
DIMENSIONS BASED ON THE VAULT & N RADIOACTVE WASTE MANACEMENT LT rmm SYSTEM UILW & SILW/LLW DISPOSAL VAULT TRANSFER AND EMPLACEMENT
TUNNEL CALCULATOR FOR HIGHER STRENGTH  Siveis T SOae%n | WRITEN CONSENT OF THE COMPANY ' Management
ROCK, UPDATED TO IMPLEMENT CRS54. Mancheser 1 7E0 - BE COPIED IN WHOLE OR IN PART CROSS—SECTIONS
ALSO AWENDED ANNGTATIONS for T AT FOR Whict- & SURBLED. [AUTHORISED|__W-JOHNSON UNITS VETRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ON COMPLETION OF THE ORDER BY RWM A 3 D RG E RG O 04 1] O 32 |P _ O 2
R.SINGLETON | P.GASKELL UNDER CONTRACT THIS DRAWING MUST BE RETURNED . N
OCT 2016 INSTRUCTION No. RWM 007927 IMMEDIATELY TO THE COMPANY DATE DEC 2014 SCALE 1:125 SIZE O. STAT/REV




Top of
Shield door

Emplacement
crane

T
To drift reception
areq

Up

Transport overpack

g

Elevated control area with

vent duct under

containing RSILW
containers

Free Steered
Stacker truck

ginment screen and
roller shutter door

L =

Elevated crane
access platform

To other vaults

'

Containment

Emplacement

crane

RSILW container
set down position

Ventilation
duct

Shield wall with
shield door over

Disposal
vault

Linear
slideway

Robotic
manipulator

Shield door in

Top of Shield door in reen and roller sed i
shield wal raised position shutter door raisead position
Bottom of
Shield door H
Elevated . .
Linear ——— Shield wall
control Slidews Elevated
area ! y control area Robotic
manipulator
RSt‘L,W Disposal
Vent S vault
Duct remgvo\ Linear
station slideway
"M "my TA' TA'
SECTION 'B'-'B SECTION'A'-'A" ()
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041033
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED ; R STACEY
STAT/REV ook DHRAED| sTaT/REV o oy mw | sTAT/REV oy BB oy | STAT/REV Gy BB Sy R | STAT/REV oy b Y Wi wsPDTAPWAEgoEEOSE&EcDKEBRYHOFF SECURITY CLASS]| prawn W.B.S. GEOLOGICAL DISPOSAL FACILITY
P*OB S. MAJHU |.PHIMISTER P*O2 S.MAJHU |.PHIMISTER Not Protecﬁve\y Marked CHECKED P.GASKELL SYSTEM KSF 2013 DERIVED INVENTORY
REVISED N LINE WITH CLIENT COMMENTS| REVISED SHIELD DOOR ANNGTATION ‘WSP | BRMNCKERHOFF ™ DRAWING 1S THE SROPERY 07 |\ oo | SNIND SUB Iy HIGHER STRENGTH ROCK
MARCH 2017 10 STATE OPEN TO RASED POSITION. 1 e warermmses | AND_MAY NOT WITHOUT THE EXPRESS n Radloactive Waste | - - RSILW CONTAINER DISPOSAL VAULT TRANSFER AND EMPLACEMENT
i R b | VETEL CONSEN OF TOE CouaY Management LAYOUT & LONGITUDAL SECTION
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH 1T IS SUPPLED. JAUTHORISED|  M.JOHNSON UNITS VETRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ON COMPLETION OF THE ORDER BY RWM A 3 DRG E D RG OO 4 'ﬂ 033 P= 03
R.STACEY M. PAOLEY | P. OASKELL |\ peyy 9017 f—TPRATL | PEASKELL | r g1 INSTRUCTION No- RN 007927 THIS DRAWING MUST BE RETURNED | paTE JAN 2015 SCALE 1:200 No
. IMMEDIATELY TO THE COMPANY - SIZE . STAT/REV




Shield door in raised position

Emplacement
crane

?

To drift reception area

Up.l N

Elevated control area
with vent duct under

Free steered
stacker truck

N\

N
Transport
overpack
containing
waste packages

Concrete drum ——={
set down
position

Containment
screen and roller
shutter door

upi 1

Elevated crane
access platform

To other vaults

=)

Disposal
vault

Robotic
manipulator

Linear
slideway

Ventilation

Shield wall

duct

Emplacement
crane

Shield door

raised position

in

Containment
screen and
roller shutter

1

door Shield wall
Disposal
Elevated slommm 7| vault
control ELEVATED
. . CONTROL AREA .
area ) ] Linear slideway Robotic
manipulator
Linear
Concrete drum slidewa
removal station duct y
n' '
SECTONE- B SECTION'A'-'A'
@ Uncontrolled Hard Copy
NUVIA LIMITED ‘ E/DRG/0041034
S WILLIAMS—CONDO
s | R0 || v/ | o | M| e /e | O [N siwvew | EFAED | WERERROT s/ | PRGE | “BR] oo et e [SECURITY CLASS] orawn nas. CEOLOGICAL DISPOSAL_FACILITY
P*OB S. MAJHU |.PHIMISTER P*O2 C.EDWARDS M.JOHNSON Not Protecﬁve\y Marked CHECKED K.MOSS SYSTEM KSF 2013 DERIVED INVENTORY
REVISED IN LINE WITH CLIENT COMMENTS| MINOR AMENDMENTS BASED ON RWM Q THS DRAVING 1S THE PROPERTY OF ooy [ CEONARDS sus v HIGHER STRENGTH ROCK
MARCH 2017 FEEDBACK. AND MAY NOT WITHOUT THE EXPRESS nmm STSTEM CONCRETE DRUM DISPOSAL VAULT TRANSFER AND EMPLACEMENT
WRITTEN CONSENT OF THE GOMPANY Management
NUVIA BE COPIED IN WHOLE OR IN PART LAYOUT & LONGITUDINAL SECTION
for T}—?ARN UT?—{S\? Egg C/’LTO:UEP%S%U%T;\EED. AUTHORISED| __ M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD BY RWM AE DRG E D RG 004] 034
UNDER CONTRACT ON COMPLETION OF THE ORDER —
M. PADLEY | P. GASKELL SWILIANS—CONDOR|__ K.MOSS THIS DRAWING MUST BE RETURNED . N
MARCH 2017 MARCH 2015 INSTRUCTION No. RWM 007927 AG A SR DATE MARCH 2015 SCALE 1:500 SIZE 0. STAT/REV




16.0m High Excavation

9.7m Package Stack Height

.

IS
rs)
=

0.2m Sprayed Concrete

0.25m

Emplacement crane

12.8m Package Stack Width

Nirex Reference
Vault Backfill

Structural Concrete
Floor Slab

0.2m Sprayed Concrete

Emplacement crane

Nirex Reference
Vault Backfil

13.1m Package Stack Width

9.1m Package Stack Height

-

16.0m High Excavation

0.25m

0.2m Sprayed Concrete

12.0m High Excavation

|_4.5m Package Stack Height |

0.5m

0.2m Sprayed Concrete

0.2m

16.2m Wide Excavation

Section through NNB SILW Vault 1m? Concrete Drums

Emplacement Crane

12.7m Package Stack Width

Nirex Reference

Vault Backfill

Structural Concrete
Floor Slab

0.2m Sprayed Concrete

16.2m Wide Excavation

Section through NNB SILW Vault 5001 Concrete Drums

Emplacement Crane

Nirex Reference
Vault Backfil

14.1m Package Stack Width

0.2m Sprayed Concrete

=
.
o
2
S
15
=4
[¥a)
o =
=
T
=
> £
) >
T o
x
S
=
w
@
>
3
L
S
S
o
IS
e
E
N | E
[SERES]
o

16.0m Wide Excavation

Section through RSILW Vault 5001 Drums

16.0m Wide Excavation

Section through RSILW Vault 3m? Boxes

Uncontrolled Hard Copy

NUVIA LIMITED | E/DRG/0041035
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED S.WILLIAMS —CONDOR
STAT/REV | “gy"pg By rwii | STAT/REV | "5ypg By Rwk | STAT/REV | "gy™pg By rwm | STAT/REV | "gy'pg By Rk | STAT/REV | gy Rovia | By Rw Pi;’g"gsg ;F;{TESEE[R)H%YFF SECURITY CLASS| DRawn W.B.S. GEOLOGICAL DISPOSAL FACILITY
P_04 [ Swr [ eS| p_(3 SMAHU | IPHNSTER | P _ ()9 [ CEDWARDS | WIOHNSON Not Protectively Marked | CHECKED KMOSS SYSTEM o 2013 DERIVED INVENTORY
REVISED N LINE WITH GLIENT COMMENTS| ADDED VAULT CROSS SECTIONS FOR MINOR AMENDMENTS BASED ON RWM Q TS DRAVING 15 THE PROPERTY O |\ oop el CEDWARDS SuB v HIGHER STRENGTH ROCK
MARCH 2017 RSILW PACKAGES. FEEDBACK. NESURT T WTHOUT ToE EXPRESS .Emm STSTEM RSILW & CONCRETE DRUM DISPOSAL VAULT TRANSFER AND
WRITTEN CONSENT OF THE COMPANY Imlal‘
NUVvIA BE COPIED IN WHOLE OR IN PART EMPLACEMENT CROSS SECTIONS
for T THAT FOR WHICH 1T 15 SUPRLIED. [AUTHORISED|__MJOHNSON
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RAD‘OACT\VUEN[‘;VEARSTEOmS:gTEMENT LTD ON COMPLETION OF THE ORDER | BY RwM UNITS METRES A 3 D RG E/ R G/O O 4 '] O 3 5
M. PADLEY | P. GASKELL R.SINGLETON | P.GASKELL SWILLWIS-CONDOR__ K.MOSS THIS DRAWING MUST BE RETURNED . -
WARCH 2017 JULY 2016 MARCH 2015 | INSTRUCTION No. RWM 007927 1S DRAVING MUST Bt RETURN DATE | MARCH 2015 SCALE 1:250 SIZE No. STAT/REV




80t Transfer crane
maintenance area - 80t Transfer
crane
DCTCs in temporary Deposition machine
storage area
Lifting beam ‘ ‘—‘ ‘—‘
park stand i il N -
il =a | T O
[ AN | IEPd ®
[ [ [ [ ¥
Transfer
pit SECTION'B'-'B'
Rolling
table
80t Transfer
- crane . _ 80t Transfer
‘ crane
s ES
Drift wagon
| 2 DCTC with
i‘::: shock absorbers |
/A
@ O e I [ oo
P Y l I:I‘
SECTION 'A'-'A'
Lifting beam DCTC, shock absorber & bentonite ring |
park stand temporary storage area Control room
11
] -
- Transfer pit
SECTION'C'-'C' .
SEORL Y e ; G To disposal
80t Transfer crane tunnel
0 M EEEDEEE T :‘ Deposition machine
[} [} i
- N _loarnit
| ;
DCTC with Drift I
shock absorbers ‘ ‘ !
Uncontrolled Hard Copy
NUVIA LIMITED | E/DRG/0041036
S WILLANS—CONDOR
STAT/REV | APEROVED TAUTHORIEDT ST /ey | APRROVED [AUTHORISED] a7 /ey | APPROVED T AUTHORIEDT syaT /mey | APPROVED TAUTHORSED] sray /ey | APPROVED T AUTHORISED p/z;/;mg E;TECUEEEH%YFF SECURITY CLASST oramn WES. CEOLOGICAL DISPOSAL FACILITY
P—(Q3 | SMAH)_| L PAMSIR | D_()) | SMAHU_| I PHUSIER Not Protectively Morked [cHeckep [—*H0%8 SYSTEM KsF 2013 DERIVED INVENTORY
REVISED IN LINE WITH CLIENT COMMENTS| UPDATED SECTION C—C TO SHOW THS DRAUNG IS THE PROPERTY OF |0y ol CEDWARDS SuB v HIGHER STRENGTH ROCK
MARCH 2017 PROFILES EXCAVATION. AND MAY NOT WITHOUT THE EXPRESS r Radioactive Waste | svsiex HHGW TRANSFER HALL
WRITTEN CONSENT OF THE COMPANY wm
LAYOUT & SECTIONS
n l{ylA OR USED.PoR ANy PURBOSE OTHER
THAN THAT FOR WHICH IT IS SUPPLIED. JAUTHORISED|  M.JOHNSON UNITS METRES
DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE | RADIOACTIVE WASTE MARGEMENT LT |5 e oF e oo RWM A 3 DRG. E/ RG/O 04 1] O 36 P _ O 3
M. PAOLEY | P OASKELL |y pgi7 | RSINOLETON | POASKELL |y 905 INSTRUCTION No. RWM 007927 T S B BETNED DATE FEB 2015 SCALE NTS SIZE No. STAT/REV




Backfill With Bentonite

Bentonite Block

= B .
entonite . Shotcrete
= Slet Pellet Infill 5.9m
S ellets
Bentonite Pellets
Inside of shotcrete
=
Lo
=
Lo
=
(@]
Bentonite
Pellets
Bentonite plug , ,
Bentonite plug Bentonite plug
=
N
«©
[c @]
Bentonite Bentonite Bentonite
Disposal Disposal
Containers Container
Base Levelling Base Levelling Base Levelling
6.5m Spacing
¢ 1.8m
| |
¢ 1.8m
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041037
STAT/REV. | AERQED. | ATHORSED sTaT/REV. | AERQID | AJHORSED) sTaT/Rey | ARRQUED | ATHORSED| star/rey | ARRROED | ATHORSED| sTat/Rev | ATTROED | ATHOROEDL e oDl v | SECURITY CLASS| orewn | —RSEE WES. GEOLOGICAL DISPOSAL FACILITY
P—(02 |3 AU L L PHNSTER WSP | [ Not Protectively Marked | cHEcKED [—PoASKEL SYSTEM KsF 2013 DERIVED INVENTORY
REVISED IN LINE WITH CLIENT COMMENTS ‘ BRINCKERHOFF [~ e s T PROPERTY OF APPROVED | SMILWRD SuB Ly HIGHER STRENGH ROCK
MARCH 2017 e rememone o ormonn | SO T O T D nmm SYSTE HHGW DISPOSAL TUNNEL & DEPOSITION HOLES
B e R | B GOSN WHOLE OR I PR Management CROSS & LONGITUDINAL SECTIONS
for T:EN UTSH% Egz CJFAY\CEU\:P\OSSESUOPT;\E’E?D. AUTHORISED M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD AB DRG E RG OOL]H] 037 P 02
M. PADLEY | P. OASKELL | popy 2017 NSTRUGTION No. R 007527 THS ORAVING WUST B RETURED | a7 DEC 2014 SCALE 175 No -
. IMMEDIATELY TO THE COMPANY : SIZE . STAT/REV




=
(

UILW Disposal Vault
(200mm Sprayed concrete)

N
(20)
\

HHGW Transfer Hall

(200mm Sp
—sectional Area
Perimeter

Actual Cr

N
5)
N

UILW Reception/Marshalling Area

ctional Area =
Perimeter =

46.4m

11.5m x 12m =

136.7m"

Actual Cro

N
(13)
NG

Perimeter

ctional Area =

/LLW Forklift Garage/Turning Area
13m x 13m =
= 51.2m

167.2m*

s
( )
2/

UILW Inlet

N
(3)
>/

Cell

UILW Package Transfer

UILW Transport Container and Stillage Transfer Lines

LHGW

—S€C

N\
(4)
"/
N\
(9
2/

tional Area
Perimeter

Effluent Receipt/Despatch
12m x 16m

= 190.6nf

UILW Ac

Ac

8m x 11m 7.
Perimeter = 37.

(14)

N
SILW/LLW Temporary Store

/LW
ctional Area
Perimeter

ult Access
= 1mx 1m =
= 434m

119.9m’

TN

(12)

\Z/
SILW/LLW Disposal Vault
(200mm Sprayed concrete)

TN
(32)
N
DNLEU Disposal Vault
(200mm Sprayed concrete)
sectional Area = 16.1m x 15m
Perimeter = 61m

= 238.6m’

thickr
noted othel

SILW/LLW HEPA Filters
onal Area =
Perimeter =

Actual Cross
29.5m

10m x 5m = 49.

Marshalling Area

Perimeter =

ectional Area = 11.5m x 6.5

Actual

HHGW/LHGW Support Halls

ntilation Hall

onal Area

7m x 5m =
Perimeter

TN
(21)
2/
HHGW Transport Tunnel

ional Area = 10m x
Perimeter = 34.5m

7.5m = 74.2m’

UILW Transfer Tunnel
(ﬁ)
LHGW Backfill Gallery
Actual Cross—sectional Area = ]
3m x 3m = 9m* (22 N Hole
Perimeter = 12m e (23) & Ar
HHGW Service Tunnel — - al Area nal Area =
) Tunnel Entrance Drill and Blast Drift = ).3m?
Y/ ctional Arleq = Perimeter = 25.1m Actual C ctional Area =
= 48.7m 5.5m Dia = 23.8m’
Turwqe\_ B Perimeter = 27.8m ion 17.3m
RSILW Container Disposal Vault onal nen nal Area =
(200mm Sprayed concrete) Perimetor — ﬂft(“\‘;m 27.4m’
Actual Cr ectional Area Om x 12.0m = 190m* meer = e
Perimeter
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041038
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED DRAWING PRODUCED BY:
STAT/REV | "gy"pg B Rwi | STAT/REV | Ty og B Rwi | STAT/REV | Ty g B Rwi | STAT/REV | Tayeg By rwM | STAT/REV | Taypg BY RWM wsp | parsons erickerrorr | SECURITY CLASS| orawn WBS. GEOLOGICAL DISPOSAL FACILITY
P-03 S AU 1 PRMSTR | D ()9 SMAJHU | LPHMISTER WSP | amsons Not Protectively Marked |creckep SYSTEM KSF 2013 DERIVED INVENTORY
BRINCKERHOFF
REVISED IN LINE WITH CLIENT COMMENTS| UPDATED FOLLOWING IMPLEMENTATION OF ‘ THS DRAWNG 1S THE PROPERTY OF )00 SUB Ly HIGHER STRENGTH ROCK
MARCH 2017 CR54. ADDED EXCAVATION PROFILE —— FADIOACIVE WASTE NANAGEMENT LTO Radioactive Waste | svstev LHGW, HHGW & COMMON SERVICE AREAS
FOR DNLEU DISPOSAL VAULT AND ADDED| orooroad o o™ o e i WRITTEN CONSENT OF THE COMPANY [ ] W
SHOTCRETE THICKNESS INFORMATION. enchestr TR BE COPIED IN WHOLE OR IN PART EXCAVATION PROFILES
for 150 AT FOR Whici 1 SURBLED. [AUTHORISED|_ WLJOHNSON
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD N COMPLETION OF THE ORDER ’ WM UNITS METRES AS DRG E RG OOL]H] 038 P 03
M. PAOLEY | P OASKELL |y ogi7 | -RSINGLETON | PGASKELL |y 9p4g \NSTRUgTN\giR NiONRTvvaACTODWW THIS DRAWING MUST BE RETURNED DATE DEC 2014 SCALE 1:200 No -
i IMMEDIATELY TO THE COMPANY i SIZE . STAT/REV




Structural Concrete
Floor Slab

Drainage Channel

0.2m Sprayed Concrete

Nirex Reference

c
o
) =
< o
> 3
D o
— >
[
e
(S} <
o [=
= =
w —
@
=) S
o (=)
e 3
S i)
[S]
o
IS
©
(<]
S
™~
(=)
=
2
o

Vault Backfill
0.2m Sprayed Concrete 13.0m Package Stack Width 0.2m Sprayed Concrete
\
16.17m Wide Excavation
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041039
/e | O |G| =/ | O |G| /ey | O ] s /mes | o | ] s /mes | O | et P Bvcurs |SECURITY CLASS] oron [0 GEOLOGICAL DISPOSAL_FACILITY
WSP | mssons Not Protectively Marked |cHecKED [—TASKELE SYSTEM KSF 2013 DERIVED INVENTORY
‘ P | BRI CRERHOFF [ e s The PROPERTY OF S. MAJHU SUB HIGHER STRENGTH ROCK
RADIOACTIVE WASTE MANAGEMENT Lo |APPROVED SYaTEM LY
| T R 12 nmm DNLEU TRANSPORT & DISPOSAL CONTAINER
o R | S s W WO Ok B Mensgemant DISPOSAL VAULT CROSS—SECTION
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT IS SUPPLIED, JAUTHORISED| I PHIMISTER UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD RWM DRG
UNDER CONTRACT ON COMPLETION OF THE ORDER E RG OO4 1 O39 P= O ﬂ
INSTRUCTION No. RWM 007927 T S BE BETNED DATE JULY 2016 SCALE 1:125 SIZE No. STAT/REV




DSSC/412/01

Lower strength sedimentary rock illustrative design drawings

E/DRG/0041071 | Overall Surface Layout - First Emplacement of LHGW

E/DRG/0041073 | Overall Surface Layout - End of Construction

E/DRG/0041076 | 2013 Derived Inventory — Underground Layout — End of Operational
Phase

E/DRG/0041077 | 2013 Derived Inventory — Underground Layout — Waste Categories

E/DRG/0041080 | 2013 Derived Inventory — UILW Disposal Vault Transfer and
Emplacement — Longitudinal Section

E/DRG/0041081 | 2013 Derived Inventory — SILW/LLW Disposal Vault Transfer and
Emplacement — Longitudinal Section

E/DRG/0041082 | 2013 Derived Inventory — UILW & SILW/LLW Disposal Vault Transfer
and Emplacement — Cross sections

E/DRG/0041083 | 2013 Derived Inventory — RSILW Container Disposal Vault Transfer
and Emplacement — Layout and Longitudinal Section

E/DRG/0041084 | 2013 Derived Inventory — NNB SILW Concrete Drum Vault Transfer
and Emplacement — Layout and Longitudinal Section

E/DRG/0041085 | 2013 Derived Inventory — RSILW Container & NNB SILW Concrete
Drum Disposal Vault Transfer and Emplacement — Cross-Section

E/DRG/0041087 | 2013 Derived Inventory — HHGW Disposal Tunnel — Cross &
Longitudinal Section

E/DRG/0041088 | LHGW, HHGW & Common Services Area — Excavation Profiles

E/DRG/0041089 | Disposal Tunnel Reception Area — Layout & Sections

E/DRG/0041090 | SILW/DNLEU Disposal Vault Transfer and Emplacement Cross-

Section




— =
[N 3
HHHI i
FHHHIIHHHH
= Ke
0= = Rey
\p (1 ‘ Car Park
- ‘2 Road
' 3 ) Rail Track
| Rail Sidings
) Hardstanding
) Fencing
(7)) shaft
('8 ) Spol Mound
(9 ) Drift
WO‘ Perimeter Track
‘/H:‘ HGV Parking Area
‘\12’\; Internal Bus Park for Park & Ride
‘\'13’\,} Rack and Pinion Track
I Voste and Container Receipt and Despatch Facilities
[ ] Management Centre
I Administration and Visitors Centre
[ | Workshops and Services
[ Construction and Mining Support Facilities
Uncontrolled Hard Copy
ARUP | E/DRG/0041071
AUBHOD
STAT/REV | APPROVED | AUTHORISEDY STaT/REV | APPROVED | AUTHORISEDY STAT /REV | APPROVED | AUTHORISED] STAT/REV | APPROVED | AUTHORISED STAT/REV | APPROVED | AUTHORISED DRAWING PRODUCED BY: SECURITY CLASS| brawn W.B.S. | 50003.11.03 GEOLOGICAL DISPOSAL FACILITY
ARUP N
P*O7 S.LESSER |.PHIMISTER P706 S.LESSER |.PHIMISTER p705 S.LESSER M.JOHNSON Not Protec‘uve\y Marked | chEckeD P.GASKELL SYSTEM KSF 2013 INVENTORY FOR DISPOSAL
REVISION DETAILS ADDED. REVISED ANNOTATION TO MEET FIRST REVISION OF SURFACE LAYOUT. TS DRANNG 15 THE PROPERY OF |, oo o SIESSER SUB v LOWER STRENGTH SEDIMENTARY ROCK
SECURITY REQUREWENTS. DRAMING NUMBER PREVIOUSLY USED FADIGACTIVE WASTE WANAGEWENT LTD r Radloactive Waste | svsicv Qverall Surface Layout
FOR UNDERGROUND LAYOUT. WRITTEN CONSENT OF THE COMPANY u m f
RENUMBERED AND RETITLED. BE COPIED IN WHOLE OR IN PART First Emp\acememt of LHGW
for T AT FOR MMICH R S SUPRLIED, [AUTHORISED | WLJOHNSON UNITS | METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD AB DRG E D RG 0041 07 'ﬂ O
LWARNG DWLIS NOV 16 LWARING SLESSER JULY 16 AUBHOD P.OASKELL DEC 14 WSTRUUCNT?OENR rs ONTRm%osow THS ORAVING, WUST B RETURNED DATE DEC 2014 SCALE 1:5000 No -
o IMMEDIATELY TO THE COMPANY : SIZE . STAT/REV



AutoCAD SHX Text
Waste and Container Receipt and Despatch Facilities

AutoCAD SHX Text
Management Centre

AutoCAD SHX Text
Construction and Mining Support Facilities

AutoCAD SHX Text
Administration and Visitors Centre

AutoCAD SHX Text
2

AutoCAD SHX Text
Road

AutoCAD SHX Text
Workshops and Services

AutoCAD SHX Text
Car Park

AutoCAD SHX Text
Rail Track

AutoCAD SHX Text
3

AutoCAD SHX Text
1

AutoCAD SHX Text
4

AutoCAD SHX Text
Rail Sidings

AutoCAD SHX Text
Hardstanding

AutoCAD SHX Text
5

AutoCAD SHX Text
Fencing

AutoCAD SHX Text
6

AutoCAD SHX Text
9

AutoCAD SHX Text
%%UKey

AutoCAD SHX Text
Drift

AutoCAD SHX Text
7

AutoCAD SHX Text
Spoil Mound

AutoCAD SHX Text
Shaft

AutoCAD SHX Text
8

AutoCAD SHX Text
1

AutoCAD SHX Text
6

AutoCAD SHX Text
6

AutoCAD SHX Text
11

AutoCAD SHX Text
6

AutoCAD SHX Text
7

AutoCAD SHX Text
8

AutoCAD SHX Text
2

AutoCAD SHX Text
9

AutoCAD SHX Text
4

AutoCAD SHX Text
3

AutoCAD SHX Text
5

AutoCAD SHX Text
7

AutoCAD SHX Text
12

AutoCAD SHX Text
1

AutoCAD SHX Text
12

AutoCAD SHX Text
12

AutoCAD SHX Text
Perimeter Track

AutoCAD SHX Text
10

AutoCAD SHX Text
12

AutoCAD SHX Text
10

AutoCAD SHX Text
11

AutoCAD SHX Text
12

AutoCAD SHX Text
HGV Parking Area

AutoCAD SHX Text
Rack and Pinion Track

AutoCAD SHX Text
Internal Bus Park for Park & Ride

AutoCAD SHX Text
13

AutoCAD SHX Text
13

AutoCAD SHX Text
UNDER CONTRACT

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
for

AutoCAD SHX Text
DRAWING PRODUCED BY:

AutoCAD SHX Text
SUB

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
No.

AutoCAD SHX Text
DRG.

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
SECURITY CLASS

AutoCAD SHX Text
A3

AutoCAD SHX Text
SIZE

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
W.B.S.

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
SCALE

AutoCAD SHX Text
DATE

AutoCAD SHX Text
THIS DRAWING IS THE PROPERTY OF

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
AND MAY NOT WITHOUT THE EXPRESS

AutoCAD SHX Text
WRITTEN CONSENT OF THE COMPANY

AutoCAD SHX Text
BE COPIED IN WHOLE OR IN PART

AutoCAD SHX Text
OR USED FOR ANY PURPOSE OTHER

AutoCAD SHX Text
THAN THAT FOR WHICH IT IS SUPPLIED.

AutoCAD SHX Text
ON COMPLETION OF THE ORDER

AutoCAD SHX Text
THIS DRAWING MUST BE RETURNED

AutoCAD SHX Text
IMMEDIATELY TO THE COMPANY

AutoCAD SHX Text
UNITS

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
GEOLOGICAL DISPOSAL FACILITY

AutoCAD SHX Text
Overall Surface Layout

AutoCAD SHX Text
First Emplacement of LHGW

AutoCAD SHX Text
E/DRG/0041071

AutoCAD SHX Text
P-07

AutoCAD SHX Text
50003.11.03

AutoCAD SHX Text
KSF

AutoCAD SHX Text
LY

AutoCAD SHX Text
METRES

AutoCAD SHX Text
1:5000

AutoCAD SHX Text
A.UBHOO

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
M.JOHNSON

AutoCAD SHX Text
DEC 2014

AutoCAD SHX Text
Not Protectively Marked

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
INSTRUCTION No. RWMD05040

AutoCAD SHX Text
P-05

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
M.JOHNSON

AutoCAD SHX Text
FIRST REVISION OF SURFACE LAYOUT.

AutoCAD SHX Text
DRAWING NUMBER PREVIOUSLY USED

AutoCAD SHX Text
FOR UNDERGROUND LAYOUT.

AutoCAD SHX Text
RENUMBERED AND RETITLED.

AutoCAD SHX Text
A.UBHOO

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
DEC 14

AutoCAD SHX Text
P-06

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
REVISED ANNOTATION TO MEET

AutoCAD SHX Text
SECURITY REQUIREMENTS.

AutoCAD SHX Text
T.WARING

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
JULY 16

AutoCAD SHX Text
P-07

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
REVISION DETAILS ADDED.

AutoCAD SHX Text
T.WARING

AutoCAD SHX Text
D.WILLIS

AutoCAD SHX Text
NOV 16

AutoCAD SHX Text
Uncontrolled Hard Copy

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
E/DRG/0041071

AutoCAD SHX Text
2013 INVENTORY FOR DISPOSAL

AutoCAD SHX Text
LOWER STRENGTH SEDIMENTARY ROCK


L
= . =
I #244
) Rail Track
) Rai Sidings
| Hardstanding
) Fencing
Shaft
) Spoil Mound
(9 Drift
‘:WO\\ Perimeter Track
(1) HGV Parking Area
( 2\’; Internal Bus Park for Park & Ride
(13) Rack & Pinion Track
Il Voste and Container Receipt and Despatch Facilities
[ ] Management Centre
I Administration and Visitors Centre
Il Vorkshops and Services
B Construction and Mining Support Facilities
Uncontrolled Hard Copy
ARUP | E/DRG/0041073
STAT/REV | APPROVED | AUTHORISED sTaT/REV | APPROVED | AUTHORISEDY STAT /REV | APPROVED | AUTHORISEDL STAT/REV | APPROVED | ATHORISED STAT/REV | APPROVED. | AUTHORISED DRAWING PRODUCED BY: SECURITY CLASS| brawn AUBH00 W.B.S. | 50003.11.03 GEOLOGICAL DISPOSAL FACILITY
ARUP N
P*oﬂr S.LESSER |.PHIMISTER P705 S.LESSER |.PHIMISTER P702 S.LESSER M.JOHNSON Not Protectwe\y Marked | cHECKED P.GASKELL SYSTEM KSF 2013 INVENTORY FOR DISPOSAL
REVISION DETAILS ADDED. REVISED ANNOTATIONS T0 MEET FIRST REVISION OF SURFACE LAYOUT. TS DRAVING 5 Tre PROPERTY o |, oo oo SIESSER SuB Ly LOWER STRENGTH SEDIMENTARY ROCK
SECURITY REQUIREMENTS. DRAWING NUMBER PREVIOUSLY USED RADIOACTIVE WASTE MANAGEMENT LTD Radioactive Waste | svstew Overdll Surface Lavout
AND MAY NOT WITHOUT THE EXPRESS y
FOR UNDERGROUND LAYOUT. WRITTEN CONSENT OF THE COMPANY [ | W .
RENUMBERED AND RENAMED. BE COPIED IN WHOLE OR IN PART End of Construction
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT IS SUPPLIED. JAUTHORISED|  M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD 0N COMPLETON OF THE ORDER M AB DRG E RG OOL]H] 073 P 04
THARNG | D.WLLS NOv 16 TWARNE | SLESSER | pppi go1p |—AUBHO0 | POASKELL | pec gy INSTRUCTION No. RWDGS040 THIS DRAWNG MUST BE RETURNED | pATE DEC 2014 SCALE | 1:5000 No .
o IMMEDIATELY TO THE COMPANY : SIZE . STAT/REV



AutoCAD SHX Text
Management Centre

AutoCAD SHX Text
Waste and Container Receipt and Despatch Facilities

AutoCAD SHX Text
Administration and Visitors Centre

AutoCAD SHX Text
Workshops and Services

AutoCAD SHX Text
Construction and Mining Support Facilities

AutoCAD SHX Text
Car Park

AutoCAD SHX Text
Road

AutoCAD SHX Text
1

AutoCAD SHX Text
2

AutoCAD SHX Text
Rail Track

AutoCAD SHX Text
3

AutoCAD SHX Text
Rail Sidings

AutoCAD SHX Text
4

AutoCAD SHX Text
Hardstanding

AutoCAD SHX Text
5

AutoCAD SHX Text
Fencing

AutoCAD SHX Text
6

AutoCAD SHX Text
Drift

AutoCAD SHX Text
9

AutoCAD SHX Text
%%UKey

AutoCAD SHX Text
Shaft

AutoCAD SHX Text
7

AutoCAD SHX Text
Spoil Mound

AutoCAD SHX Text
8

AutoCAD SHX Text
1

AutoCAD SHX Text
6

AutoCAD SHX Text
6

AutoCAD SHX Text
11

AutoCAD SHX Text
6

AutoCAD SHX Text
7

AutoCAD SHX Text
8

AutoCAD SHX Text
9

AutoCAD SHX Text
2

AutoCAD SHX Text
3

AutoCAD SHX Text
4

AutoCAD SHX Text
5

AutoCAD SHX Text
7

AutoCAD SHX Text
12

AutoCAD SHX Text
12

AutoCAD SHX Text
1

AutoCAD SHX Text
12

AutoCAD SHX Text
12

AutoCAD SHX Text
10

AutoCAD SHX Text
Perimeter Track

AutoCAD SHX Text
10

AutoCAD SHX Text
11

AutoCAD SHX Text
HGV Parking Area

AutoCAD SHX Text
12

AutoCAD SHX Text
Internal Bus Park for Park & Ride

AutoCAD SHX Text
13

AutoCAD SHX Text
13

AutoCAD SHX Text
Rack & Pinion Track

AutoCAD SHX Text
UNDER CONTRACT

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
for

AutoCAD SHX Text
DRAWING PRODUCED BY:

AutoCAD SHX Text
SUB

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
No.

AutoCAD SHX Text
DRG.

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
SECURITY CLASS

AutoCAD SHX Text
A3

AutoCAD SHX Text
SIZE

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
W.B.S.

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
SCALE

AutoCAD SHX Text
DATE

AutoCAD SHX Text
THIS DRAWING IS THE PROPERTY OF

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
AND MAY NOT WITHOUT THE EXPRESS

AutoCAD SHX Text
WRITTEN CONSENT OF THE COMPANY

AutoCAD SHX Text
BE COPIED IN WHOLE OR IN PART

AutoCAD SHX Text
OR USED FOR ANY PURPOSE OTHER

AutoCAD SHX Text
THAN THAT FOR WHICH IT IS SUPPLIED.

AutoCAD SHX Text
ON COMPLETION OF THE ORDER

AutoCAD SHX Text
THIS DRAWING MUST BE RETURNED

AutoCAD SHX Text
IMMEDIATELY TO THE COMPANY

AutoCAD SHX Text
UNITS

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
GEOLOGICAL DISPOSAL FACILITY

AutoCAD SHX Text
Overall Surface Layout

AutoCAD SHX Text
End of Construction

AutoCAD SHX Text
E/DRG/0041073

AutoCAD SHX Text
P-04

AutoCAD SHX Text
50003.11.03

AutoCAD SHX Text
KSF

AutoCAD SHX Text
LY

AutoCAD SHX Text
METRES

AutoCAD SHX Text
1:5000

AutoCAD SHX Text
A.UBHOO

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
M.JOHNSON

AutoCAD SHX Text
DEC 2014

AutoCAD SHX Text
Not Protectively Marked

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
INSTRUCTION No. RWMD05040

AutoCAD SHX Text
P-02

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
M.JOHNSON

AutoCAD SHX Text
FIRST REVISION OF SURFACE LAYOUT.

AutoCAD SHX Text
DRAWING NUMBER PREVIOUSLY USED

AutoCAD SHX Text
FOR UNDERGROUND LAYOUT. 

AutoCAD SHX Text
RENUMBERED AND RENAMED.

AutoCAD SHX Text
A.UBHOO

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
DEC 14

AutoCAD SHX Text
P-03

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
REVISED ANNOTATIONS TO MEET

AutoCAD SHX Text
SECURITY REQUIREMENTS.

AutoCAD SHX Text
T.WARING

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
APRIL 2016

AutoCAD SHX Text
P-04

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
REVISION DETAILS ADDED.

AutoCAD SHX Text
T.WARING

AutoCAD SHX Text
D.WILLIS

AutoCAD SHX Text
NOV 16

AutoCAD SHX Text
Uncontrolled Hard Copy

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
E/DRG/0041073

AutoCAD SHX Text
2013 INVENTORY FOR DISPOSAL

AutoCAD SHX Text
LOWER STRENGTH SEDIMENTARY ROCK


6200m

2110m ‘ 1040m ‘ 3050m
| DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA
MODULE 1 MODULE 2 MODULE 3 MODULE 4 MODULE 5
SILW/LLW SILW/LLW uILW uILW a 8
MODULE 3 15 MODULE 1 > MODULE 3 1 MODULE 1 1 - @ UILW DISPOSAL VAULT

y @ UILW INLET CELL

| ,\—‘[7 ,‘ ‘L ,‘ ‘L y @ UILW PACKAGE TRANSFER
|| | | 11 /

]
]

TS
\

/I

UILW TRANSPORT CONTAINER &

L] L] —] = —] STILLAGE TRANSFER LINES
L L] _ ’ ) @ UILW RECEPTION/MARSHALLING AREA (HIGH)
(14 7 y
| E O o E i [ L I:IE {) - . @ UILW RECEPTION/MARSHALLING AREA (LOW)
L ] L ] L ] —e ] 7 / .
L [ o E’ @ L [ i }[ 2 . > @ UILW ACTIVE AREA SUPPORT FACILITY
M ] M ] B M L[ [ L | E UILW TRANSFER TUNNEL
L L] — S
] 5 @ LHGW EFFLUENT RECEIPT/DESPATCH
| i L] | J ’ Y ©
i L | | z ; g LHGW SERVICE TUNNELS
|| L] ZI:|[ :\—‘L | v/ 7 ’ @ SILW/LLW DISPOSAL VAULT
) [ | o | S | || COMMON SERVIGE AREA z : (12) SILWILLW FORKLIFT GARAGE/TURNING AREA
16 1| L 1
L L /@ @ %@ ~ ~ (13) SILWILLW TEMPORARY STORE
e ] ] 1 ¢ g SILW/LLW VAULT ACCESS
o | O O : > (49 s veea s
g | | [ L [ L L | | E _4@ ’ ”
i | [ b 11 : (19 womniow spowsunees
k ‘ @ - - @ HHGW/LHGW VENTILATION HALL
! ! V. . J
= — HHGW/LHGW SUPPORT HALLS
S @ =a } @
NI 15 ~ - HHGW SERVICE TUNNEL
™ \@ i == _— \ s S 3 HHGW DISPOSAL TUNNEL ENTRANCE
10 I

@ - @ HHGW DISPOSAL TUNNEL
(::) ACCESS SHAFTS

]

® e oot (|
| B (e il (29 sorevonr

77
daaa

i N
| g0 [ e I = = 3 wow Tmsren s

[ L QD: a \ : N NNB SILW CONCRETE DRUM DISPOSAL VAULT
L [ L : L L N \j 27 RSILW CONTAINER DISPOSAL VAULT
= == == == : : o ————

29 HHGW TRANSPORT TUNNEL

|

|
®
|
®
1870m

-
o

]

LEGEND

28 — N

]

CONSTRUCTION INTAKE

CONSTRUCTION RETURN

@ || 74 e EMPLACEMENT INTAKE

720m
[

/I

H—\D\

NG I

LJ ; \ EMPLACEMENT RETURN
1 L N N 29
SILW/LLW SILW/LLW UILW 10 UILW - -
MODULE 4 MODULE 2 MODULE 4 MODULE 2
DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA
MODULE 6 MODULE 7 MODULE 8 MODULE 9
3150m 2380m
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041076
R. STACEY
STT/Rev. | PO | MR srar/mev | APTRPNED | GRR| srar/mev | MRS | AGRRIOY star/mev | APPRED | MTRRIOL star/mey | MR | MRS e rrooueo or - |SECURITY. CLASS| oraw WBS. | 500031103 GEOLOGICAL DISPOSAL FACILITY
S SONS -
P*OB S. MAJHU |.PHIMISTER P02 S. MAJHU I._ PHIMISTER Not Protect\ve\y Marked CHECKED P. GASKELL SYSTEM KSF 2013 INVENTORY FOR DISPOSAL
REVISED IN LINE WITH CLIENT COMMENTS | UPDATED FOLLOWING IMPLEMENTATION OF] WSP | pansons THS DRAWNG IS THE PROPERY OF |, ooo el S MILWARD . . Sus LY LOWER STRENGTH SEDIMENTARY ROCK
MARCH 2017 CR54 UILW DISPOSAL VAULTS ‘ BRINCKERHOFF | R O e s Radioactive Waste [ SYstew UNDERGROUND LAYOUT

REDUCED BY 18 AND 30 NEW ADDED WRITTEN CONSENT OF THE COMPANY Management

DNLEU. NUMBER OF DISPOSAL TUNNELS BE COPIED IN WHOLE OR IN PART END OF OPERATIONAL PHASE

INCREASED BY 5 for OR USED FOR ANYCPURPOSE OTHER AUTHORISED V. JORNSON

DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT L7 | ™" THAT FOR WHICH T 15 SUPPLIED. BY RWM UNITS METRES AB DRG E RG 004] 076
M. PAOLEY | P. OASKELL |\ pqeyy ppy7 [—S-BRITTON L P GASKELL |y v gy INSTRUGTION No. 057827 TS GRANG WLST B UMD | DaTE | aRc 2015 SCALE 1:20000 No -0
° IMMEDIATELY TO THE COMPANY : SIZE : STAT/REV




LHGW NUMBER OF
6200m DISPOSAL VAULTS
2110m 1040m 3050m
|
DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA . LEGACY SILW/LLW 18.0
MODULE 1 MODULE 2 MODULE 3 MODULE 4 MODULE 5
] ] | L NNBSILW 5.0
SILW/LLW SILW/LLW uILW UILW () () M
MODULE 3 MODULE 1 MODULE 3 MODULE 1
7 J [7 J [7 1 E . - N
R | | | R | I | = = = DNLEU SILW 300
| | O] [/ [ 8 A N
% L] % O 1 ] ? E LEGACY UILW 51.5
I | o I e R 1 = - —| 5| Il onEv ULW 25
L L L L I~ I~ ~ 2
T w
2
] i ] i 1 E - o N
] i ] i COMMON SERVICE AREA || || L TOTAL LHGW 114.0
% [ % L] L 1 || f M f
g i uii — L0 HHGW NUMBER OF
8 ] a ] = DISPOSAL TUNNELS
9 [] [ -
| | B LEGACY HLW 41.0
IC L
e 1 i
g (== =2
S —~ LEGACY AGR SF 40.5
=En ==0
H : ] ]
| | B LEGACY PWR SF 10.0
% % _ [l LEGACY MAGNOX/PFR SF15.0
ouw
— =Q
| | N
] ] [ [ 5 BN PuHEL 150
| I ] c B vox sF 51.0
] ] | | S
. ] l i %
I 0 T 1 - B nNBSF 168.5
- 1 [] TOTAL HHGW 341.0
< 1 []
SILW/LLW SILW/LLW UILW UILW N M
MODULE 4 MODULE 2 MODULE 4 MODULE 2
DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA
MODULE 6 MODULE 7 MODULE 8 MODULE 9
3150m 2390m
\ \
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ £/DRG/0041077
STAT/REY | APPROVED | AHORIRED| STaT/Rev | APPROVED | AJHORRED[ sTat/REv | APPEOVED | AZHORIEDL sTaT/ReV | APFEQVED | AGHORIED| sTar/Rey | APPEQVED | ATHORIED o DRSXEGO;ROEE(\:NESKE;:HOFF SECURITY CLASS| orawn RS W.B.S. | 50003.11.03 GEOLOGICAL DISPOSAL FACILITY
P*OB S. MAJHU |.PHIMISTER po2 S. MAJHU I._ PHIMISTER S ‘ SONS Not Protecﬁve\y Marked CHECKED P. GASKELL SYSTEM KSF 2013 INVENTORY FOR DISPOSAL
REVISED N LINE WITH CLIENT COMMENTS | UPDATED FOLLOWING IMPLEMENTATION OF] S. MILWARD LOWER STRENGTH SEDIMENTARY ROCK
MARCH 2017 CR54 UILW DISPOSAL VAULTS ‘WSP ‘ EACKERHOFF /gSé‘SO&E?VWNE‘;%ﬁg:@@g@?gigg APPROVED Radioactive Waste SYSSUTEEM LY UNDERGROUND LAYOUT
REDUCED BY 18 AND 30 NEW ADDED WRITTEN CONSENT OF THE COMPANY B Management
DNLEU. NUMBER OF DISPOSAL TUNNELS (B COPED N UKOLE GR IN PARI. WASTE CATEGORIES
INCREASED BY 5 for M. JOHNSON
DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE RADIOACTVE WASTE MANAGEMENT 1D [ T41 TOR WHICH 1T 15 SUPPLED AUBTYHOR@/?AED il sy A 3 DRG. E D RG O O 4 H O 7 7
MPADLEY | P. OASKELL |\upey gor7 | BRITION L P OASKELL |y p6 NSTRUGTION No. 067927 THS BRAUNG WOt BE RERED | pare | warcn 2015 SCALE 1:20000 No -
© IMMEDIATELY TO THE COMPANY : SIZE : STAT/REV




| \
[ 1 ]
? Emplacement
(Crane Shield Crane
Maintenance Dosr Ventilation
Area 2 L Outlet
1

D F

N

Transfer Tunnel

Access

Change
Ladder

Contro

Shield

=l

Ventilation
Inlet Contro

Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ £/DRG,/0041080
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED : R STACEY
STAT/REV | "gy"pg v rwi | STAT/REV | Ty g B Rwi | STAT/REV | "oy g B Rwi | STAT/REV | "oy pg By rwM | STAT/REV | "ay'pg BY RWM wse | parson grckeriore | SECURITY  CLASS| orawn WBS. GEOLOGICAL DISPOSAL FACILITY
WSP | J— Not Protectively Marked |cHECKED |—T-ASKELL SYSTEM KSF 2013 DERIVED INVENTORY
BRINCKERHOFF
‘ THS DRAWNG 15 THE PROPERTY OF | oo e SHILWRD SUB Ly LOWER STRENGTH SEDIMENTARY ROCK
P—— S nm“ﬂ* SYSTEN UILW DISPOSAL VAULT TRANSFER AND EMPLACEMENT
Manchester 1 7E0 = o) BE COPIED IN WHOLE OR IN PART m LONGITUDINAL SECTION
for T}—?ARN L{(S}—&ET) Egﬁ CMCEU\F;P%SE’SUOPT;\E’E?D AUTHORISED|  M.JORNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD DRG.
UNDER CONTRACT ON COMPLETION OF THE ORDER '\ P= O 1]
INSTRUCTION No. RWM 007927 T e BE SETNED DATE DEC 2014 SCALE 1:150 SIZE No. STAT/REV




Free Steered

Stacker Truck

= E
‘ ‘ ‘ ‘ ' M ¥ y | M » Il | M ¥ »

Ventilation
Outlet

—

Uncontrolled Hard Copy

WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041081

APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED DRAWING PRODUCED BY: R.STACEY
STAT/REV | “ay"pg v run | STAT/REV | “gy'og v run | STAT/REV | gy g v ru | STAT/REV | “gy'pg By run | STAT/REV | gy b BY RWM wse | parsons rickeriorr | SECURITY  CLASS| prawn WBS. GEOLOGICAL DISPOSAL FACILITY
P—02 |SAAHU_ LPHNSTER WSP | PansoNS Not Protectively Marked | cHEcKED [—POASKELL SYSTEM KsF 2013 DERIVED INVENTORY
b BRINCKERHOFF
REVISED ANNOTATION BASED ON RWM TS DRANG 1S THE PROPERTY OF |, op 00y e SMILWARD SUB Iy LOWER STRENGTH SEDIMENTARY ROCK
FEEDBACK. o o e | O NOT WO T DR Jf5 Radioactive Waste | <10 SILW/LLW DISPOSAL VAULT TRANSFER AND ENPLACEMENT
o Road o 4a ooy 2003001 WRITTEN CONSENT OF THE COMPANY lhmgeml:
Hanchosio M1 €0 s BE COPIED IN WHOLE OR IN PART LONGITUDINAL SECTION
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT IS SUPPLIED. JAUTHORISED|  M.JOHNSON UNITS VETRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RAD‘OACT‘VUENS/EASEONTARN:&EMENT LD ON COMPLETION OF THE ORDER A 3 DRC. E/D RG/O O 4 1 08 'ﬂ P _ O 2
T.PRATT P.GASKELL THIS DRAWING MUST BE RETURNED .
JULY 2016 INSTRUCTION No. RWM 007927 MMEDIATELY TO THE COMPANY DATE DEC 2014 SCALE 1:100 SI7E NO. STAT/REV




e
= S
e} ~3
)
Emplacement C — | — ey )
< o
e R
ISAE Tl =
- 1k
x| o © <| o T
e T e e ]
| T x o T
2 =] g 2 g ©
|| 2 T S|
=1 El—|g
0 2 2 g
— =] — x
— = — S}
o
E C? | =, - - - . - ]
£ S
Ld «©
1= IS
™ ™
6.0m Package Stack Width 4.0m Package Stack Width
9.0m Internal 9.0m Internal
9.6m Wide Excavation 9.6m Wide Excavation
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041082
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED DRAWING PRODUCED BY: R._STACEY
STAT/REV | “ay"pg v run | STAT/REV | “gy'5g v run | STAT/REV | “gypg v run | STAT/REV | gy’ pg By run | STAT/REV | “gy'pg BY RWM wse | parsons rckeriorr | SECURITY CLASS| prawn WBS. GEOLOGICAL DISPOSAL FACILITY
P-03 S MARU_| TRRMSTR | D ()9 SMAJHU | LPHMISTER WSP | ansons Not Protectively Marked |cHEcken |- SSKELL SYSTEM KSF 2013 DERIVED INVENTORY
BRINCKERMOFF
REVISED IN LINE WITH CLIENT COMME|TUPDATED PACKAGE SPACING BASED ON ’ TS DRAVING 15 THE PROPERTY O |, e S WIWARD SUB Iy LOWER STRENGTH SEDIMENTARY ROCK
MARCH 2017 VAULT & TUNNEL CALCLLKTORS. 40 s R ST aNASEMENT 10 nmm SYSTEM UILW & SILW/LLW DISPOSAL VAULT TRANSFER AND EMPLACEMENT
. s Roed Foo “lomrzosor | WRITTEN CONSENT OF THE COMPANY Management
R e o o BE COPIED IN WHOLE OR IN PART CROSS—SECTIONS
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT I SUPPLIED. JAUTHORISED| _ M.JOHNSON UNITS VETRES
DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN | CHECKED DATE DRAWN [ CHECKED DATE | RADIOACTIVE WASTE MaNAGEMENT Lo [ 70 © 0 5 Y RWM AB DRG. E RG OOLH 082 P 03
M. PADLEY | P. ONSKELL |y ggp7 | CRSINGLETON | POASKELL |y pg INSTRUCTION Nev. RWM 007827 THIS DRAWNG MUST BE RETRNED | pATE DEC 2014 SCALE 1125 No -
o IMMEDIATELY TO THE COMPANY . SIZE . STAT/REV




Emplacement
crane

Shield door in
raised position

Linear
slideway

1

To drift reception area

Free Steered
Stacker truck

To other disposal vaults

'

©

Up g

Transport overpack
containing RSILW

packages

Elevated control area
with vent duct under

Containment

roller shutter

screen and

door

O
O

Elevated crane
access platform

-

Shield wall

Shield door

Disposal

: vault
Linear

slideway
Robotic
manipulator

Ventilation
duct

[ ]

RSILW container
set down
pasition

To drift reception area

Free Steered
Stacker truck

Containment

screen d

door

roller shutter

nd

6)

Emplacement
crane

Shield door in
raised position

E\evot@

control area

RSILW container

removal station

-

[]

Robotic
manipulator

Shield wall

Disposal
vault

Linear slideway

\RS\LW container

Q set down
o' ‘N TAY VAN o
SECTION B'-'B SECTlON A'-'A position
Uncontrolled Hard Copy
NUVIA LIMITED ‘ E/DRG/0041083
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED SWILLIAMS—CONDO
STAT/REV | ARRROMS DHORISED| sTaT/REV | ATRROM THORISEDL STAT/REV | ATRROVS DHORSED| sTAT/REV | ATRRON HHORISED STAT/REV | ATRROVE LHoRSt DRAWING ATS?\[/;UCED BY: SECURITY CLASS| orawn W.B.S. GEOLOGICAL DISPOSAL FACILITY
P*OB S MAJHU |.PHIMISTER P702 C.EDWARDS M.JOHNSON Not Protecﬁve\y Marked CHECKED K.MOSS SYSTEM KSF 2013 DERIVED INVENTORY
REVISED IN LINE WITH CLIENT COMMENTS| MINOR AMENDMENTS BASED ON RWM Q THS DRAUING 1S ToE PROPERIY O | 1oy e | CEOWARDS SUB Iy LOWER STRENGTH SEDIMENTARY ROCK
WARCH 2017 FEEDBACK AR A N WTHOUT T EXPRESS r.mnvemm SYSTEM RSILW CONTAINER DISPOSAL VAULT TRANSFER AND EMPLACEMENT
WRITTEN CONSENT OF THE GOMPANY Management
NUVIA BE COPIED IN WHOLE OR IN PART LAYOUT & LONGITUDINAL SECTION
for T}—?ARN UT?—{SR? Egg C/’LTO:UEP%S%U%T;\EED. AUTHORISED M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ON COMPLETION OF THE ORDER BY RWM A 3 DRG E D RG OO 4 1] 083 P= OZ
Vi PRDLEY | P GASKELL | ey 7 [ SO0 RNOSS |05 | insteucTion o Rt 007927 THIS DRAWING MUST BE RETURNED |  DATE | ARCH 2015 SCALE 1:500 No
° IMMEDIATELY TO THE COMPANY i SIZE . STAT/REV




: =)

To drift reception area

Up ( Elevated control area
T(Qnspo(‘[ overpgck with vent duct under
containing concrete
Free steered drums
stacker truck Shield wall
Containment
screen and Shield door
roller shutter ;
door Disposal
Linear vault
slideway
Robotic
manipulator
|| FElevated crane Ventilation
|| access platform duct
Concrete drum set
down position
To other disposal vaults
'
Shield door in
Emplacement raised position
crane
Containment screen Emplacement Shield door in
To drift reception area and roller shutte crane i pasition
door @
Free steered ﬁ

Elevated Lmeor stacker truck ELEVA )
control slideway CONTROL AREA Shield wall
area —p Robotic
manipulator
Concrete drum Disposal
removal station vl
Linear slideway
|
{
\
\
\ .
RSILW container
Q set down
SECTION 'B'-'B' SECTION'A'-'A’ position
Uncontrolled Hard Copy
NUVIA LIMITED E/DRG/0041084
STAT/REV | ARPROVED | AUTHORISED ] stat/REV | ATRROYED | AQTHORISEDE sTaT /REV | ARRROVED | AURORISEDL sTAT/REV | ARROVED | AUHORISEDL STAT/REV | ARRROVED | AUTHORISED DRAWING PRODUCED BY: SECURITY CLASS| orawn [SHLLAIS-CONDOY W.B.S. GEOLOGICAL DISPOSAL FACILITY
P*OB S. MAJHU | PHIMISTER P702 C.EDWARDS M.JOHNSON NUVIA Not Protecﬁve\y Marked CHECKED K.MOSS SYSTEM KSF 2013 DERIVED INVENTORY
REVISED IN LINE WITH CLIENT COMMENTS| MINOR AMENDMENTS BASED ON RWM THIS DRAWING IS THE PROPERTY OF C.EDWARDS SUB LOWER STRENGTH SEDIMENTARY ROCK
APPROVED Ly
MARCH 2017 FEEDBACK. Q A0 Y NOT WTHOUT THE EXPRESS r.mnvemm SYSTEM CONCRETE DRUM DISPOSAL VAULT TRANSFER AND EMPLACEMENT
WRITTEN CONSENT OF THE GOMPANY Management
NUVIA BE COPIED IN WHOLE OR IN PART LAYOUT & LONGITUDINAL SECTION
for T THAT FOR WHCH T & SUPPLED. [AUTHORISED|_ M.JOHNSON
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ‘| BY RwmM UNITS METRES AB DRG E D RG OOAJ] 084 P OZ
M. PADLEY | P. GASKELL SWILLANS—CONDOR__ K.MOSS UNDER CONTRACT T o ] No -
APRIL 2017 MARCH 2015 INSTRUCTION No. RWM 007927 AN SIS DATE MARCH 2015 SCALE 1:500 SIZE . STAT/REV




Emplacement crane Emplacement crane Emplacement crane D EL Emplacement crane D
_ 0.23m _ 0.23m _ _ oo
.2 J L S S S ’—te
sz T == HF ‘ sz #F sz T
S gl 2 Sl gl 2 = € é‘ Sle ®
e e . T o £ T
cl3ls cl3ls cl S cl e =
IR s 7|3 H| 7B a7 2
- g = 2 = & = o
& g 3 g
(a1 a é [a1
& & c =
[fe) [fe) w [fe)
<f’.
1S 1S 1S 1S
~ ~ ~ =
4.7m Package Stack Width 5.1m Package Stack Width 4.9m Package Stack Width 4.4m Package Stack Width
‘ 9.0m Internal ‘ ‘ 9.0m Internal ‘ ‘ 9.0m Internal ‘ ‘ 9.0m Internal ‘
9.6m Wide Excavation 9.6m Excavation 9.6m Wide Excavation 9.6m Wide Excavation
Section through NNB SILW Vault Section through NNB SILW Vault Section through RSILW Vault Section through RSILW Vault
1m? Concrete Drums 5001 Concrete Drums 5001 Drums 3m? Boxes
Uncontrolled Hard Copy
NUVIA LIMITED | E/DRG,/0041085
STAT/Rev | ATERQID | AUTHORISED L STAT/REV | ATRROED | AUTHORISEDL STAT/REV | ATRROVED | AUTHORISEDT STaAT/REV | ARRROVED | AUTHORISEDY STAT/REV | ATRRQIED | AUTHORISED DRAWING '\TS\?‘[;UCED BY: SECURITY CLASS| orawn FMLHAUS-CONDCH W.BS. GEOLOGICAL DISPOSAL FACILITY
Pfo4’ S. MAJHU |.PHIMISTER P703 S.MAJHU |.PHIMISTER P702 C.EDWARDS M.JOHNSON NOt Profecﬁve\y Morked CHECKED K.MOSS SYSTEM KSF Zows DERWED H\NENTORY
DETAIL MISSING FROM CRANES ADDED 'METRE TO DIMENSONS. MINOR AMENDEMENTS BASED ON RWM Q T DRAWING & TE PROPERTY O |, oo | CEDWARDS Ssus Iy LOWER STRENGTH SEDIMENTARY ROCK
FEEDBACK. T eTE a0 nmm SYSTEM RSILW & CONCRETE DRUM DISPOSAL VAULT
AUVIA e e Management TRANSFER AND EMPLACEMENT CROSS SECTIONS
o 8 0 Pt S8, el waomeon
DRAWN | CHECKED | DATE DRAWN | CHECKED | DATE DRAWN | CHECKED | DATE DRAWN | CHECKED | DATE DRAWN | CHECKED | _DATE | RADioscTve wesE wavacewent o 50 P00 FEET 2 P v UNTTS METRES A3 DRG. 3 / RG / 0041085 |P-04
? ? N. PADLEY | P. GASKELL |\ pey o017 f—SINGLETON | POASKELL |y opqq [ SMLLAS-CONDOR  KMOSS MARCH 2015 INSTRUCTION No. RWM 007927 T S EE RETARNED DATE MARCH 2015 SCALE 1:150 SIZE No. STAT/REV




Disposal
Container

5.0m Spacing

Pelleted
Bentonite

=
Lo
~J —_—
=
Bentonite Rails
Blocks
Pelleted
Bentonite
= .
0 Disposal
[@N] .
Container
=
Bentonite
Blocks
Rails for emplacement
machine
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF \ E/DRG/0041087
STAT/REV | AERQED. | ATHORSED sTaT/Rev. | AERQED | AJHORSED sTar/Rev | ARRQED | ATHORREDN star/rey | ARRROED | AUTHOREEDL sTat/Rev | A DR | Al R o oy | SECURITY CLASS| orewn | —RSHE WES. GEOLOGICAL DISPOSAL FACILITY
P—(02 |—SMAHU_L L PHNSTER WSP | PansONS Not Protectively Marked | cHEcKED [—PPASKELL SYSTEM KsF 2013 DERIVED INVENTORY
ADDED ANNQTATIONS TO SECTIONS. ‘ BRINCKERHOFF [~ s s THE PROPERTY OF APPROVED | SMILWRD SUB Iy LOWER STRENGTH SEDIMENTARY ROCK
e | BN M ST LD n Radioactive Waste | siscw HHGW DISPOSAL TUNNEL
B e R | R oD N WHOLE OF I PR Management CROSS & LONGITUDINAL SECTIONS
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT IS SUPPLIED. JAUTHORISED|  M.JOHNSON UNITS VETRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ON COMPLETION OF THE ORDER RWM A 3 D R G . E R G O O 4 1] O 8 7 P O 2
RSNGLETON | PASKELL | 1y 9915 INSTRUGTIOR Na. R 007927 THS DRAWNG MUST BE RETURNED | pATE DEC 2014 SCALE 1:50 No -
o IMMEDIATELY TO THE COMPANY : SIZE . STAT/REV




UILW Inlet Cell

UILW Reception/Marshalling Area (High) UILW Transport Container and Stillage Transfer Lines UILW Transfer Tunnel
é‘ Actual C ectional Area = Actual ctional Area = ‘\t )
UILW Package Transfer 7.6m x 11m 70.4m’ 4m Dia : SILW/LLW HEPA Filters
Ve Perimeter = uiLw Perimeter = 12.6m -
UILW Transport Container de Stillage Transfer Lines
\/;\\
. 7 B HHGW Transfer Hall
UILW Active Area Support Facility
\/’9 ) Actual Cross—sectional Area = 11m x 7.5m = 64.6m’
N Perimeter = 29.4m
LHGW Effluent Receipt/Despatch Drift Extension
Actual Cross—sectional Area = Bm x 9. 63.5m” Actual Cross—sectional Area =
cnl Perimeter 8.6m Perimeter =
bsal Vault
Vault
Actual Cross—sectional Area = 9.6m x 11.5m = 92.6m’
Perimeter =
NOTE:
Sprayed concrete thickness
)Omm in ]/HEF
except profiles (21) &
where there is no sprayed
concrete
HHGW/LHG il Bunker HHGW Disposal Tunnel Shaft
N . Actual ional Area = Actual Cros: tional Area = 8m Dia = 50.3m"
HHGW /LH lation Hall 5.6m x 3.8m Dia = 5m Perimeter = 25.1m
Perimete Perimeter = 7.9m
HHGW/LHGW Support Halls
onal Area = 7m x 5m = 28m’
Perimeter = 19.4m
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041088
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPRQVED | AUTHORISED DRAWING PRODUCED BY: R.STACEY
STAT/REV | "gy"pg B RwM | STAT/REV | Moy g v rwl | STAT/REV | Taypg v rwm | STAT/REV | Toyog B R | STAT/REV | Tgy"hg BY RWM wsp | parsons srickerrorr | SECURITY CLASS| orawn WBS. GEOLOGICAL DISPOSAL FACILITY
P-03 S MAIRU_| TFHMSTR | D ()9 SMAJHU I.PHIMISTER wsp‘ I Not Protectively Marked |cHEcKkeD |—PoASKELL SYSTEM KSF 2013 DERIVED INVENTORY
REVISED IN' LINE WITH CLIENT COMMENTS| ADDED DNLEU VAULT EXCAVATION ‘ BRINCKERHOFF 45 DRAVUING 1S THE PROPERTY OF [ ooy el SMILWARD sus Iy LOWER STRENGTH SEDIMENTARY ROCK
MARCH 2017 PROFILE & SHOTCRETE THICKNESS s vemobmycons 1o seonoumoswo | AND MAY NOT WITHOUT THE EXPRESS ﬁ Radloactive Waste | svsev LHGW, HHGW & COMMON SERVICE AREAS
o LA WRITTEN CONSENT OF THE COMPANY Management
e e s ok BE COPIED IN WHOLE OR IN PART EXCAVATION PROFILES
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT IS SUPPLIED. |AUTHORISED|  M.JOHNSON UNITS VETRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RAD‘OACTWUENDWEARST(EOM'?RNQSTEMENT LD ON COMPLETION OF THE ORDER BY RWM Az DRG E/RG/OO4 1] 088 P= O
W PADLEY | P. OASKELL | \py 9017 RSNCLION | POASKELL |y og1p INSTRUCTION No. RWM 007927 T S BE S aNED DATE DEC 2014 SCALE 1:200 SIZE No. STAT/REV




SECTION 'B' - 'B'

=
00 =
] o
[@N]
SECTION 'A' - 'A’
- Hydraulic Ram Clam—Shell Hydraulic Ram
—_ - ' " [
DCTC |
—_— - c
. 0
o o
Emplacement Machine Emplacement Trolley I
Shield Door Shield Door
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041089
St/ | PO || /e | R | M| /e | R | /e | R | B | S/ | MO || v e ncorr SECURITY CLASS] oramy [ GEOLOGICAL DISPOSAL FACILITY
— P—03 >t LFNSER] P ()7 | SMAU_LPINSTER ‘”SP| PARSONS Not Protectively Marked | cRECKED —PCASKELL SYSTEM KsF 2013 DERIVED INVENTORY
BRINCKERHOFF
REVISED IN LINE WITH CLIENT COMMENTS| MINOR AMENDMENT BASED ON RWM ‘ TS DRAUNG 1S THE PROPERTY OF |, ooy el SHINARD SUB Iy LOWER STRENGTH SEDIMEMENTARY ROCK
MARCK 2017 FEEDBACK. e e werrera | B O o S n Radioactive Waste | " DISPOSAL TUNNEL RECEPTION AREA
for THAN THAT FOR WHICH IT IS SUPPLIED. JAUTHORISED|  M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RAD‘OACT‘\(JEN[?/EARST(EOM'?RN:S'EMENT LD ON COMPLETION OF THE ORDER BY RWM A 3 D RG E/ |R G/O O 4 '] O 89 P _ O 3
M. PAOLEY | P OASKELL |y ogp7 | -RSINGLETON | PGASKELL |y 9p4g INSTRUCTION No. RWM 007927 T S BE BETNED DATE DEC 2014 SCALE 1:150 SIZE No. STAT/REV




4.9m

o
.©
T _
= o
o e
o — -]
> )
wl = o
— | <
= [=2l
2 £l
| ol
| x
R
- &
(5]
o
o
e
(&)
o
(a8
=
o«
~
=
M
6.0m Package Stack Width
9.0m Internal
9.6m Wide Excavation
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ £/DRG/0041090
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED DRAWING PRODUCED BY: R.SINGLETON
STAT/REV | “gy"pg By rum | STAT/REV | “gy"5g By run | STAT/REV | “gy"5g v run | STAT/REV | “gyhg By R | STAT/REV | “gy'pg BY RWM wse | parsons srickertorr | OECURITY  CLASS| prawn WBS. GEOLOGICAL DISPOSAL FACILITY
WSP | PARSONS Not Protectively Marked | cHECKED [—-SASKELE SYSTEM KSF 2013 DERIVED INVENTORY
BRINCKERHOFF
- T I 5 T AR O [mmroves] S WA U5 5 LOWER_STRENGTH SEDIMENTARY ROCK
e rcmemcon g0 sy | A UAY NOTWTHIOUT T DXPRESS r. mmm SYSTEM DNLEU DISPOSAL VAULT TRANSFER AND EMPLACEMENT
Manchester M1 7E0 e BE COPIED IN WHOLE OR IN PART CROSS—SECTIONS
for T}—?ARN UT%—{E&? Egg CVFAY\CFP{U\RTP\OSSESUOPT;LE\ED. AUTHORISED| 1. PHIMISTER UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD RWM AB DRG E/ PG/OOAH] 09 O P O 1
UNDER CONTRACT ON COMPLETION OF THE ORDER —
INSTRUCTION No. RWM 007927 THIS DRANING MUST BE RETURNED DATE JULY 2016 SCALE 1:125 SIZE No. STAT/REV




DSSC/412/01

Evaporite rock illustrative design drawings

E/DRG/0041121 | Overall Surface Layout - First Emplacement of LHGW

E/DRG/0041123 | Overall Surface Layout - End of Construction

E/DRG/0041126 | 2013 Derived Inventory — Underground Layout — End of Operational
Phase

E/DRG/0041127 | 2013 Derived Inventory — Underground Layout — Waste Categories

E/DRG/0041130 | 2013 Derived Inventory — UILW Disposal Vault Transfer and
Emplacement — Longitudinal Section

E/DRG/0041131 | 2013 Derived Inventory — SILW/LLW Disposal Vault Transfer and
Emplacement — Longitudinal Section

E/DRG/0041132 | 2013 Derived Inventory — UILW & SILW/LLW Disposal Vault Transfer
and Emplacement — Cross sections

E/DRG/0041133 | 2013 Derived Inventory — RSILW Container Disposal Vault Transfer
and Emplacement — Layout and Longitudinal Section

E/DRG/0041134 | 2013 Derived Inventory — NNB Concrete Drum Disposal Vault Transfer
and Emplacement — Layout and Longitudinal Sections

E/DRG/0041135 | 2013 Derived Inventory — RSILW Container & NNB SILW Concrete
Drum Disposal Vault Transfer and Emplacement — Cross-Sections

E/DRG/0041137 | 2013 Derived Inventory — HHGW Disposal Tunnel — Cross &
Longitudinal Sections

E/DRG/0041138 | LHGW, HHGW & Common Services Area — Excavation Profiles

E/DRG/0041139 | SILW/DNLEU Disposal Vault Transfer and Emplacement Cross-

Section




) Car Park

) Road

) Rail Track

) Rall Sidings
) Hardstanding

) Fencing

Shaft — X4 in Evaporite

Spoil Mound

) Perimeter Track

) HGV Parking Area
| Internal Bus Park for Park & Ride

Il Vaste and Container Receipt and Despatch Facilities

Management Centre
Administration and Visitors Centre
Workshops and Services

B Construction and Mining Support Facilities

Uncontrolled Hard Copy
ARUP | E/DRG/0041121
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED A.UBHOO
STAT/REV RO DHORSEO sTaT/REV RO DHORISED] sTAT/REV RO DHORISED] sTaT/REV RO LIORISED] STAT /REV R HHORSE DRAWING ;’;SBUCED BY: SECURITY CLASS] orawn WB.S. | 50003.11.03 GEOLOGICAL DISPOSAL FACILITY
P706 S.LESSER |.PHIMISTER P706 S.LESSER |.PHIMISTER P704 S.LESSER M.JOHNSON Not Protecﬁve\y Marked | cHECKED P.GASKELL SYSTEM KSF 2013 INVENTORY FOR DISPOSAL
REVISION DETAILS ADDED. REVISED ANNOTATION TO MEET FIRST REVISION OF SURFACE LAYOUT. TR DRAVING T THE PROPERTY OF |, e ool SIESSR SuB v EVAPORATE ROCK
SECURITY REQUIREMENTS. DRAWING NUMBER PREVIOUSLY USED RADOACTIVE WASTE WNAGEMENT LTD r Radloactive Waste | svstew Overall Surface Layout
FOR UNDERGROUND LAYOUT, WRITTEN CONSENT OF THE COMPANY ] W f
RENUMBERED AND RENAMED. BE COPIED IN WHOLE OR IN PART First Emplacement of LHGW
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT IS SUPPLIED. JAUTHORISED|  M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD RWM DRG
TWARNG DWILLS TWARNG | S.LESSER AUBHOO | P.GASKELL UNDER CONTRACT T S D ] NoO P - O 6
NOV 16 APRIL 16 DEC 14 INSTRUCTION No. RWMDOS040 13 DRAVING MUST BE RETURN DATE DEC 14 SCALE 1:5000 SIZE . STAT/REY



AutoCAD SHX Text
5

AutoCAD SHX Text
Management Centre

AutoCAD SHX Text
Waste and Container Receipt and Despatch Facilities

AutoCAD SHX Text
Administration and Visitors Centre

AutoCAD SHX Text
Workshops and Services

AutoCAD SHX Text
Construction and Mining Support Facilities

AutoCAD SHX Text
Car Park

AutoCAD SHX Text
Road

AutoCAD SHX Text
Rail Track

AutoCAD SHX Text
Rail Sidings

AutoCAD SHX Text
Hardstanding

AutoCAD SHX Text
Fencing

AutoCAD SHX Text
Perimeter Track

AutoCAD SHX Text
%%UKey

AutoCAD SHX Text
Shaft - X4 in Evaporite

AutoCAD SHX Text
Spoil Mound

AutoCAD SHX Text
1

AutoCAD SHX Text
3

AutoCAD SHX Text
4

AutoCAD SHX Text
5

AutoCAD SHX Text
6

AutoCAD SHX Text
9

AutoCAD SHX Text
7

AutoCAD SHX Text
8

AutoCAD SHX Text
2

AutoCAD SHX Text
2

AutoCAD SHX Text
1

AutoCAD SHX Text
10

AutoCAD SHX Text
3

AutoCAD SHX Text
4

AutoCAD SHX Text
6

AutoCAD SHX Text
8

AutoCAD SHX Text
6

AutoCAD SHX Text
6

AutoCAD SHX Text
7

AutoCAD SHX Text
11

AutoCAD SHX Text
11

AutoCAD SHX Text
1

AutoCAD SHX Text
11

AutoCAD SHX Text
11

AutoCAD SHX Text
7

AutoCAD SHX Text
7

AutoCAD SHX Text
9

AutoCAD SHX Text
HGV Parking Area

AutoCAD SHX Text
10

AutoCAD SHX Text
Internal Bus Park for Park & Ride

AutoCAD SHX Text
11

AutoCAD SHX Text
UNDER CONTRACT

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
for

AutoCAD SHX Text
DRAWING PRODUCED BY:

AutoCAD SHX Text
SUB

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
No.

AutoCAD SHX Text
DRG.

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
SECURITY CLASS

AutoCAD SHX Text
A3

AutoCAD SHX Text
SIZE

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
W.B.S.

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
SCALE

AutoCAD SHX Text
DATE

AutoCAD SHX Text
THIS DRAWING IS THE PROPERTY OF

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
AND MAY NOT WITHOUT THE EXPRESS

AutoCAD SHX Text
WRITTEN CONSENT OF THE COMPANY

AutoCAD SHX Text
BE COPIED IN WHOLE OR IN PART

AutoCAD SHX Text
OR USED FOR ANY PURPOSE OTHER

AutoCAD SHX Text
THAN THAT FOR WHICH IT IS SUPPLIED.

AutoCAD SHX Text
ON COMPLETION OF THE ORDER

AutoCAD SHX Text
THIS DRAWING MUST BE RETURNED

AutoCAD SHX Text
IMMEDIATELY TO THE COMPANY

AutoCAD SHX Text
UNITS

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
GEOLOGICAL DISPOSAL FACILITY

AutoCAD SHX Text
Overall Surface Layout

AutoCAD SHX Text
First Emplacement of LHGW

AutoCAD SHX Text
E/DRG/0041121

AutoCAD SHX Text
P-06

AutoCAD SHX Text
50003.11.03

AutoCAD SHX Text
KSF

AutoCAD SHX Text
LY

AutoCAD SHX Text
METRES

AutoCAD SHX Text
1:5000

AutoCAD SHX Text
A.UBHOO

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
S.LESSER 

AutoCAD SHX Text
M.JOHNSON 

AutoCAD SHX Text
DEC 14

AutoCAD SHX Text
Not Protectively Marked

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
INSTRUCTION No. RWMD05040

AutoCAD SHX Text
P-04

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
M.JOHNSON

AutoCAD SHX Text
FIRST REVISION OF SURFACE LAYOUT.

AutoCAD SHX Text
DRAWING NUMBER PREVIOUSLY USED

AutoCAD SHX Text
FOR UNDERGROUND LAYOUT,

AutoCAD SHX Text
RENUMBERED AND RENAMED. 

AutoCAD SHX Text
A.UBHOO

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
DEC 14

AutoCAD SHX Text
P-05

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
REVISED ANNOTATION TO MEET

AutoCAD SHX Text
SECURITY REQUIREMENTS.

AutoCAD SHX Text
T.WARING

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
APRIL 16

AutoCAD SHX Text
P-06

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
REVISION DETAILS ADDED.

AutoCAD SHX Text
T,WARING

AutoCAD SHX Text
D.WILLIS

AutoCAD SHX Text
NOV 16

AutoCAD SHX Text
Uncontrolled Hard Copy

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
E/DRG/0041121

AutoCAD SHX Text
2013 INVENTORY FOR DISPOSAL

AutoCAD SHX Text
EVAPORATE ROCK


°) o ) Car Park
N - Road
) Rail Track
B 4 ) Rail Sidings
) Hardstanding
N7
N ( ) Fencin
(7 - ) ’
’ ) 1) = ) Shaft
\ ! ( H/‘ S -
- ) Spoil Mound
) Perimeter Track
) HGV Parking Area
o0 ’
B ) Internal Bus Park for Park & Ride
(1) \
Il Voste and Container Receipt and Despatch Facilities
[ ] Management Centre
= I Administration and Visitors Centre
Il Vorkshops and Services
T \ [ Construction and Mining Support Facilities
‘/ 5 \‘
Uncontrolled Hard Copy
ARUP | E/DRG/0041123
AUBH00
STAT/REY | APPROVED | AUTHORISED STaT/REV | APPROVED | AUTHORISEDY STaT /REV | APPROVED | AUTHORISED STAT/REV | APPROVED | AUTHORISED] STAT /REV | APPROVED | AUTHORISED DRAWING PRODUCED BY: SECURITY CLASS| orawn W.B.S. | 50003.11.03 GEOLOGICAL DISPOSAL FACILITY
ARUP N
p704 S.LESSER |.PHIMISTER P*OB S,LESSER |.PHIMISTER P702 S.LESSER M.JOHNSON Not Protectwe\y Marked | checken P.GASKELL SYSTEM KSF 2013 INVENTORY FOR DISPOSAL
REVISION DETAILS ADDED. REVISED ANNOTATIONS TO MEET FIRST ISSUE OF SURFACE LAYOUT. TS DRANNG & THE PRopERTY OF | oo oo | SIESSER SUB Ly EVAPORITE ROCK
SECURITY REQUREMENTS. DRAUING NUMBER PREVIOUSLY USED FADIGACTIVE WASTE MANAGEMENT LTD r Radloactive Waste | svsrcv Overall Surface Layout
FOR UNDERGROUND LAYOUT. WRITTEN CONSENT OF THE COMPANY | W .
RENUMBERED AND RETITLED. BE COPIED IN WHOLE OR IN PART End of Construction
for 11 A FOR Wit & SUPPLED, [AUTHORISED|_ W-JOHNSON UNITS NETRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ON COMPLETION OF THE ORDER A 3 DRG E D RG 004 1] 1 23
TWARING D.WLLIS NOV 16 TWARING SLESSR | ori 2016 AUBHOO P.OASKELL DEC 14 \NSTRUUCNT?OENR n?ONTRRvjNCDTosom THIS DRAWING MUST BE RETURNED DATE DEC 2014 SCALE 1:5000 No .
°- IMMEDIATELY TO THE COMPANY . SIZE . STAT/REV



AutoCAD SHX Text
5

AutoCAD SHX Text
Management Centre

AutoCAD SHX Text
Waste and Container Receipt and Despatch Facilities

AutoCAD SHX Text
Administration and Visitors Centre

AutoCAD SHX Text
Workshops and Services

AutoCAD SHX Text
Construction and Mining Support Facilities

AutoCAD SHX Text
Car Park

AutoCAD SHX Text
Road

AutoCAD SHX Text
Rail Track

AutoCAD SHX Text
Rail Sidings

AutoCAD SHX Text
Hardstanding

AutoCAD SHX Text
Fencing

AutoCAD SHX Text
Perimeter Track

AutoCAD SHX Text
%%UKey

AutoCAD SHX Text
Shaft

AutoCAD SHX Text
Spoil Mound

AutoCAD SHX Text
1

AutoCAD SHX Text
3

AutoCAD SHX Text
4

AutoCAD SHX Text
5

AutoCAD SHX Text
6

AutoCAD SHX Text
9

AutoCAD SHX Text
7

AutoCAD SHX Text
8

AutoCAD SHX Text
2

AutoCAD SHX Text
2

AutoCAD SHX Text
1

AutoCAD SHX Text
10

AutoCAD SHX Text
3

AutoCAD SHX Text
4

AutoCAD SHX Text
6

AutoCAD SHX Text
8

AutoCAD SHX Text
6

AutoCAD SHX Text
6

AutoCAD SHX Text
7

AutoCAD SHX Text
11

AutoCAD SHX Text
11

AutoCAD SHX Text
1

AutoCAD SHX Text
11

AutoCAD SHX Text
11

AutoCAD SHX Text
7

AutoCAD SHX Text
7

AutoCAD SHX Text
9

AutoCAD SHX Text
HGV Parking Area

AutoCAD SHX Text
10

AutoCAD SHX Text
Internal Bus Park for Park & Ride

AutoCAD SHX Text
11

AutoCAD SHX Text
UNDER CONTRACT

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
for

AutoCAD SHX Text
DRAWING PRODUCED BY:

AutoCAD SHX Text
SUB

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
BY

AutoCAD SHX Text
No.

AutoCAD SHX Text
DRG.

AutoCAD SHX Text
STAT/REV

AutoCAD SHX Text
SECURITY CLASS

AutoCAD SHX Text
A3

AutoCAD SHX Text
SIZE

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
W.B.S.

AutoCAD SHX Text
SYSTEM

AutoCAD SHX Text
SCALE

AutoCAD SHX Text
DATE

AutoCAD SHX Text
THIS DRAWING IS THE PROPERTY OF

AutoCAD SHX Text
RADIOACTIVE WASTE MANAGEMENT LTD

AutoCAD SHX Text
AND MAY NOT WITHOUT THE EXPRESS

AutoCAD SHX Text
WRITTEN CONSENT OF THE COMPANY

AutoCAD SHX Text
BE COPIED IN WHOLE OR IN PART

AutoCAD SHX Text
OR USED FOR ANY PURPOSE OTHER

AutoCAD SHX Text
THAN THAT FOR WHICH IT IS SUPPLIED.

AutoCAD SHX Text
ON COMPLETION OF THE ORDER

AutoCAD SHX Text
THIS DRAWING MUST BE RETURNED

AutoCAD SHX Text
IMMEDIATELY TO THE COMPANY

AutoCAD SHX Text
UNITS

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
BY RWM

AutoCAD SHX Text
AUTHORISED

AutoCAD SHX Text
GEOLOGICAL DISPOSAL FACILITY

AutoCAD SHX Text
Overall Surface Layout

AutoCAD SHX Text
End of Construction

AutoCAD SHX Text
E/DRG/0041123

AutoCAD SHX Text
P-04

AutoCAD SHX Text
50003.11.03

AutoCAD SHX Text
KSF

AutoCAD SHX Text
LY

AutoCAD SHX Text
METRES

AutoCAD SHX Text
1:5000

AutoCAD SHX Text
A.UBHOO

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
M.JOHNSON

AutoCAD SHX Text
DEC 2014

AutoCAD SHX Text
Not Protectively Marked

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
INSTRUCTION No. RWND05040

AutoCAD SHX Text
P-02

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
M.JOHNSON

AutoCAD SHX Text
FIRST ISSUE OF SURFACE LAYOUT.

AutoCAD SHX Text
DRAWING NUMBER PREVIOUSLY USED

AutoCAD SHX Text
FOR UNDERGROUND LAYOUT.

AutoCAD SHX Text
RENUMBERED AND RETITLED.

AutoCAD SHX Text
A.UBHOO

AutoCAD SHX Text
P.GASKELL

AutoCAD SHX Text
DEC 14

AutoCAD SHX Text
P-03

AutoCAD SHX Text
S,LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
REVISED ANNOTATIONS TO MEET

AutoCAD SHX Text
SECURITY REQUIREMENTS.

AutoCAD SHX Text
T.WARING

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
APRIL 2016

AutoCAD SHX Text
P-04

AutoCAD SHX Text
S.LESSER

AutoCAD SHX Text
I.PHIMISTER

AutoCAD SHX Text
REVISION DETAILS ADDED.

AutoCAD SHX Text
T.WARING

AutoCAD SHX Text
D.WILLIS

AutoCAD SHX Text
NOV 16

AutoCAD SHX Text
Uncontrolled Hard Copy

AutoCAD SHX Text
ARUP

AutoCAD SHX Text
E/DRG/0041123

AutoCAD SHX Text
2013 INVENTORY FOR DISPOSAL

AutoCAD SHX Text
EVAPORITE ROCK


5660m

1680m 960m 3020m
DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA
MODULE 1 MODULE 2 MODULE 3 MODULE 4 MODULE 5
= - )
@ UILW DISPOSAL VAULT
@ UILW INLET CELL
= = = @D UILW PACKAGE TRANSFER
g ©)
4) UILW TRANSPORT CONTAINER TRANSFER LINES
o °
= 870m 810m
- @ UILW RECEPTION/MARSHALLING AREA (HIGH)
-
e @ UILW RECEPTION/MARSHALLING AREA (LOW)
~ I~ ~ @ UILW ACTIVE AREA SUPPORT FACILITY
IYo)
— @ UILW TRANSFER TUNNEL
@ LHGW EFFLUENT RECEIPT/DISPATCH
SILWLLW (G 7)  SILWLLW uiLw uiLW -
MODULE3 L MODULE 1 25) MODULE3 (1)  MODULE ng,, 1 - - | 70) LHGW SERVICE TUNNELS
, ~ ) ) '
S 52) 7o) B A I ! | 8 11) SILW/LLW DISPOSAL VAULT
Q €§< \lf/ 1 =2 o i l I ‘
- — i B ) L ! I @ SILW/LLW FORKLIFT GARAGE/TURNING AREA
IC T 100 IC ] [E I IC | -
i ] F ; % ; 9| o H ~ v @ SILW/LLW TEMPORARY STORE
| [ A0A L gl I 9 -
SILW/LLW VAULT ACCESS
c = ol B =] 2| B ; ) %5 ) 9 ) (19)
= —F EIlE IR N I . 2 @ SILW/LLW HEPA FILTERS
S = EIlE EIlE ;i i I -
8 = i / il W | < N s 5 G 23 (16) HHGW/LHGW SPOIL BUNKER
: 3) 21 ) ) . -
| 1 / T 1 23) Q @ HHGW/LHGW VENTILATION HALL
L I I
c (15} @@ =a =t 6@ HHGW/LHGW SUPPORT HALLS
= a2 \@\/ /@)\ == - BRI — (19) HHGW SERVICE TUNNEL
™ (23) 1 — e i \_ A (50) @ HHGW DISPOSAL TUNNEL ENTRANCE
A B — — <
| \ L0 21) HHGW DISPOSAL TUNNEL
[ I [ 0 | S
—~ b0 I I - -
= | :: (22) Access sHaFTs
5 §
28) j:.‘:'E 1 I CE) @ HHGW TRANSPORT TUNNELS
- | — - 1 [ [ \_ D
———11 (o) ~ ‘ h @ [ [~ = (2@ HHGW TRANSFER HALL
Ne—————— 0 I I _ -
i B - 1 ! = (25) NNB SILW CONCRETE DRUM DISPOSAL VAULT
] = i I 23) '
= @ ‘ I RSILW CONTAINER DISPOSAL VAULT
Oo———— 0 I | L (
- =~
~ 8) 9 ) 2@ EMPLACEMENT SHAFT
@' siww (12 uiLw uiLw ~ 67) — ] O DNLEU SILW DISPOSAL VAULT
: - 28
c MODULE 2 MODULE 4 MODULE 2 COMMON SERVICE AREA 2
)
©
<
- -
6@777, - - LEGEND
CONSTRUCTION INTAKE
DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA
MODULE 6 MODULE 7 MODULE 8 MODULE 9 CONSTRUCTION RETURN
EMPLACEMENT INTAKE
EMPLACEMENT RETURN
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ £/DRG/0041126
R. STACEY
STAT/REV. | APPEOVED | AQTGRRFD | sTaT/Rev | APPEOVED | AGHORRED| sTAT/REV | APPROVED | AQTCRISED[ sTat/Rey | APPRQVED: | AGTHORISED| sTaT/REV | APPEDVED | AQHORISED DRAWING PRODUCED BY: SECURITY CLASS| orawn W.B.S. | 50003.11.03 GEOLOGICAL DISPOSAL FACILITY
P03 [ [mmsE | p) [ | amisee] Y57 | PARSONS BRNCKERHORF IR Protectively Marked | creckep [—P-SASKEL SYSTEM KsF 2013 INVENTORY FOR DISPOSAL
REVISED IN LINE WITH CLIENT COMMENTS [ UPDATED FOLLOWING INPLEMENTATION OF| PARSONS THIS DRANNG IS THE PROPERTY OF 5. NILWARD o SuB EVAPORITE ROCK
MARCH 2017 CR54 UILW DISPOSAL VAULTS ‘WSP | ERINCKERHOFF | F/DIOACTVE WASTE VANAGEWENT LTD APPROVED Radioactive Waste [ SYstew = UNDERGROUND LAYOUT
REDUCED BY 18 AND 30 NEW ADDED WRITTEN CONSENT OF THE COMPANY B Management
DNLEU. NUMBER OF DISPOSAL TUNNELS S COPED IN WHOLE OR IN PART. END OF OPERATIONAL PHASE
INCREASED BY 5 for C . JAUTHORISED M. JOHNSON
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD THAZNTH:JM:;!:‘OHF :HE j:;:;m BY RWM UNITS METRES AB DRG E RG OOL]H] 1 26 O
M. PAOLEY | POASKELL |\ pqey gpp7 [—S-BRITTON L P GASKELL |y v oy INSTRUCTION No. 007827 THIS DRANNG MUST BE REIURNED | DATE | 11ARCH 2015 SCALE 1:20000 No -
° IMMEDIATELY TO THE COMPANY : SIZE : STAT/REV




LHGW NUMBER OF
DISPOSAL VAULTS
5660m B LEGACY siLwiLLw 10.0
960m 3020m
| NNB SILW 5.0
DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA
MODULE 1 MODULE 2 MODULE 3 MODULE 4 MODULE 5
B RsiLw 2.0
I~
| —— DNLEU SILW 27.0
L LEGACY UILW 43.0
I~
5
2 870m 810m | DNLEU UILLW 2.5
—
L - | £
~ = ~ S || NNBULW 35
Te}
SILW/LLW SILW/LLW uiLWw uiLw TOTAL LHGW 93.0
MODULE 3 MODULE 1 MODULE 3 MODULE 1 ||
E ] an [ ] A~
o il 0 [ i
ol H B 1 ; HHGW NUMBER OF
IC 10|
; ol A 9| o 3 3} DISPOSAL TUNNELS
I [m il 0O [ [ I
I0q U 07 [ LA LI iy
£ : =IR: :Ih: 11 :: Bl Lecacy HLw 3838
S 1 Ells B o ;i 1 ;
o] I 0 m O I I I I —
o I ] O O I I I I
™ ‘ ‘ ﬂ ﬂ ‘ A H : LEGACY AGR SF 38.4
L IC IC
‘ )H ‘ )H
=0 =50
£ B LEGACY PWR SF 9.6
g E= ER
T T
- | I rh B LEGACY MAGNOX/PFR SF 14.3
: o i ::
il:lg i ; & - PU/HEU 14.0
o0 I T o
I 3 <t
fl:E ,‘\—A“L ﬁ
zI:IE 1 ll 1 . MOX SF 493
zI:IE } 11 D u D u
[ —— ] I I
| —— I I
SILW/LLW uiLWw uiLw . NNB SF 162.6
c MODULE 2 MODULE 4 MODULE 2 COMMON SERVICE AREA
2 TOTAL HHGW 327.0
<t
DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA DEPOSITION AREA
MODULE 6 MODULE 7 MODULE 8 MODULE 9
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041127
sTAT/Rev | MTTEPNED | MGRRED | srar/mey | MPTEOED | MEISRRE| srar/rey | TR | MYSRRR| sTar/mey. | RS [ NGRION smar/rew | ATRVED [ ARG peams seomceo o [ SECURITY CLASS | oramn | WES. | 500031103 GEOLOGICAL DISPOSAL FACILITY
P_(3 [ [ ipimsteR | p_ () [ S AU | I PHMSIER ‘ Not Protectively Marked | crecken 2SSk SYSTEM KSF 2013 INVENTORY FOR DISPOSAL
REVISED IN LINE WITH CLIENT COMMENTS | UPDATED FOLLOWING IMPLEMENTATION OF] THIS DRAWING IS THE PROPERTY OF S. MILWARD SuB EVAPORITE ROCK
MARCH 2017 CR54 UILW DISPOSAL VAULTS ‘WSP ‘ EACKERHOFF T WASTE NANAGEMENT LTD APPROVED Radioactive Waste | SYSTEM LY UNDERGROUND LAYOUT
REDUCED BY 18 AND 30 NEW ADDED WRITTEN CONSENT OF THE COMPANY B Management
DNLEU. NUMBER OF DISPOSAL TUNNELS EF COPIED IN WHOLE O IV PART WASTE CATEGORIES
INCREASED BY 5 for AUTHORISED| M. JOHNSON
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD [ T THAT FOR WHICH IT 1S SUPPLIED BY RWM UNITS NETRES A 3 DRG E D RG 004 1] 1 27 O
M. PADLEY | P. CASKELL | yyppe gor7 |- BRITTON | P GASKELL |y 916 NSTRUGTION No. 067927 S DRNG NUsT 8t ReromeD | pare | uagc 2015 SCALE 1:20000 No -
© IMMEDIATELY TO THE COMPANY : SIZE : STAT/REV




Rail Mounted Electric
Powered Stacker Truck

\u\\u\\u\“\u\“\u*‘\u\“\u\‘
Ventilation
- —_—
=] | —— —— | p—— | ——— Outlet
RN e e B B s s s | e e
el
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF \ E/DRG,/0041130
STAT/REV | AREROIED. | AUTHORISED| staT/Rev | ARPROVED | AJTHORISED) srat/Rev | ARERQVED | AUTHORIEDY staT/Rev | ARRROVED | AJTHORISEDY sat/Rev | 0ROl | A oD R e orr | SECURITY CLASS| orawn | —EE W.B.S. GEOLOGICAL DISPOSAL FACILITY
PARSONS Not Protectively Marked | cHECKED [—-SASKELE SYSTEM KSF 2013 DERIVED INVENTORY
bwsP | BRINCKERHOFF THIS DRAWING IS THE PROPERTY OF APPROVED S. MILWARD SUB LY EVAPORWE ROCK
wmomirramioycr 15 s | AND MY NOT WTHOUT THE EXPRESS r"Bﬂh'ﬂ':ﬂ\'e\'\'aﬂe SYSTEM UILW DISPOSAL VAULT TRANSFER AND EMPLACEMENT
EEC R IBHEER | ol cowan o mE coupaly Management LONGITUDINAL SECTION
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT IS SUPPLIED. JAUTHORISED| _ M.JOHNSON UNITS VETRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RAD‘OACTWUEN[!VEARST(EOM%E:?TEMENT LTD ON COMPLETION OF THE ORDER BY RWM AB DRG |E/ RG/OO4 1] ,] 30 P= O /]
INSTRUCTION No. RWM 007927 THIS DRANING MUST BE RETURNED DATE DEC 2014 SCALE 1:100 SIZE No. STAT/REV




Free Steered Stacker Truck

g Ventilation g
_ _ | — _ _ | Outlet
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041131
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED DRAWING PRODUCED BY: R STACEY
STAT/REV | “ay"pg v run | STAT/REV | “gy'og v run | STAT/REV | gy g v ru | STAT/REV | “gy'pg By run | STAT/REV | gy b BY RWM wse | parsons rickeriorr | SECURITY  CLASS| prawn WBS. GEOLOGICAL DISPOSAL FACILITY
P703 S.MAJHU I.PHIMISTER P702 S.MAJHU |.PHIMISTER SP| Not F“rofecﬁue\; Marked CHECKED P.GASKELL SYSTEM KSF 2013 DERIVED INVENTORY
vv BRINCKERMHOFF
REVISED IN LINE WITH CLIENT COMMENTS| AMENDED ANNGTATIONS BASED ON RWM ‘ TS DRAVWNG 18 THE PROPERTY OF ) ooy el . MILUARD SUB Ly EVAPORITE ROCK
MARCH 2017 FEEDBACK 5 rodioactive Weste | ot SILW/LLW DISPOSAL VAULT TRANSFER AND EMPLACEMENT
o | O N ol o i o Management LONGITUDINAL_SECTION
OR USED FOR ANY PURPOSE OTHER
for THAN THAT FOR WHICH IT IS SUPPLIED. JAUTHORISED|  M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RAD‘OACT%EN[?/EARST(%ON'?RN:SEMENT LD ON COMPLETION OF THE ORDER RWM A 3 D RG E/D RG/O O 4 '] 1] 3 1] |P _ O 3
M. PADLEY | P. OASKELL |y 9017 LPRATT POAKELL 1 iy 2016 INSTRUCTION No. RWM 007927 T S BE BE D DATE DEC 2014 SCALE 1:100 SIZE No. STAT/REV




=
£ N
~ -
- S
S - is
= 2 ~
(@) &) O
g ~ © =)
S| o GO v
) ©
= ) %1 g =
= o
=2 Q= | X2
— Lo S|
oo = o
= O £
S| ™ g
o <
N
08m 8.5m Package Stack Width ‘ 0.8m 0.9m 8.2m Package Stack Width 09m
| | |
10.0m Wide Excavation 10.0m Wide Excavation
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041132
. R.STACEY
STAT/REV. | ARERRET | M i | STAT/REV | MERRET | My R | STAT/REV | AETRED | AR | STaT/Rev | MRRRED | MEV i | STAT/REV | MEFRED | MER| wse | parsos srnoxeriore | SECURITY CLASS| orawn WBS. GEOLOGICAL DISPOSAL FACILITY
S.MAJHU |. PHIMISTER M.MAJHU |.PHIMISTER B P.GASKELL
P-03 P-02 SWSP | PARSONS Not Protectively Marked |cHeckep SYSTEM KsF 2013 DERVED INVENTORY
REVISED IN LINE WITH CLIENT COMMENTS| UPDATED ANNOTATIONS TO INCLUDE BN CRERHOFF [ e NG 15 THE PROPERTY OF APPROVED| S MLWARD SuB Ly EVAPORITE ROCK
NARCH 2017 gETgEoss A;& B\%ggﬁ g%figE SSPAC\NG e 10 o | BT RO WO T AR nmm SYSTEM UILW & SILW/LLW DISPOSAL VAULT TRANSFER AND EMPLACEMENT
. . oot Tona e g | WRITEN CONSENT OF THE COMPANY w CROSS=SECTIONS
for T:/FN UTSH% Egz CJFAY\CEU\:P\OSSESUOPT;\E’E?D. AUTHORISED M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ON COMPLETION OF THE ORDER AB DRG E RG OOL]H] 1 32 P 03
M. PADLEY | P. GASKELL T.PRATT P.GASKELL UNDER CONTRACT THS DRAWNG MUST BE RETURNED ) N -
MAY 2017 OCTOBER 2016 INSTRUCTION No. RWM 007927 ARSI DATE DEC 2014 SCALE 1:100 SI7E 0. STAT/REV




To drift reception area

=)

u

Elevated control area with vent duct under

Horizontal sliding

/ shield door

Transport overpack

o RSILW \ — A . -
containing RSILW Comgmer${ 1N I Rail mounted electric powered stacker truck QOQ
packages set down - ‘ - 4 ‘
) ‘ position > T S Q O Q
L 3 g L
YA
RSILW S \ N ‘ Q Q Q O
comtaner raversing w — w L
removal Q turntable i Maintenance Area i Q Q O O
station | 7\ | Disposal Q Q O O
| / \ | vault
; / \ ; -
Free Steered Z S | / AN | O O O Q
Stacker truck — ~
/ \ OO0
L Nd
p N — - ; _
Containment Travel rails L Travel rails
screen and
roller shutter
door S o
To other disposal vaults L
¢ (@)
Containment
screen and roller Robatic Linear slideway & Overhead Robotic Linear
shutter door  manipulator overhead beam Ventilation duct beam manipulator slideway
\ \ / / \ / /
\ \ / \ / /
\ / \ / /
I 0 ‘ ‘
To drift reception area —— / Hoﬁzontq\ sliding
shield door
2 Elevated
Free Steered Flevated ‘ Maintenance Area DSESEG‘ control
Stacker Truck control area area
‘ .
container ‘
removal Vent
station Duct
AN ‘ —
Rail mounted electric
powered stacker truck
Traversing Harizontal sliding RSILW Set Down 'N'_'R'
Q Turntable shield door Position SECTION B B
SECTION 'A’-'A’
Uncontrolled Hard Copy
NUVIA LIMITED ‘ E/DRG/0041133
ST/ | TR [ S/ | P | R S/ | MO |G| ST/ | gy | M| sw/ve | Morgg [y wame s o [SECURITY CLASS| opany oo wes. CEOLOGICAL DISPOSAL FACILITY
P—035 SR _| PAVETER | D_()) | CEDWARDS | M.JORNSON Not Protectively Marked |cHECKED —MSS SYSTEM KSF 2013 DERIVED INVENTORY
REVISED IN LINE WITH CLIENT COMMENTS| MINOR REVISIONS BASED ON RWM THIS DRAWING IS THE PROPERTY OF C.EDWARDS sus EVAPORITE ROCK
APPROVED LY
WARCH 2017 FEEDBACK. Q AR A N WTHOUT T EXPRESS r."a"“ﬂ'\'!\‘\'me SYSTEM RSILW CONTAINER DISPOSAL VAULT TRANSFER AND EMPLACEMENT
NUVIA 15 ComED I Whole O Management LAYOUT & LONGITUDINAL SECTION
for AUTHORISED] __ NJOFNSON
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LT | T THAT FOR WHICH 1T IS SUPPLED. BY RWM UNITS METRES AB DRG E DRG 004] 1] 33
M. PADLEY | P. GASKELL SWILLAMS-CONDOR|  K.MOSS UNDER CONTRACT ﬂf‘g ggmLNFGﬂ%NUS?FBTEHERE%%RED : N _
MARCH 2017 MARCH 2015 INSTRUCTION No. RWM 007927 AN SIS DATE MARCH 2015 SCALE 1:500 SIZE 0. STAT/REV




?

To drift reception areq

=)

Horizontal sliding

‘ / shield door

Up Elevated control area with
vent duct under T
Transport N Koo 7
overp?ck coEtcmmg Seési%vgn / \ s /;
waste packages positi . RN o QO Q Q
7 Y \ \ / \
I\ o AN / |
C I © 0
Concrete oA — ‘ - -
drum ] LN ]
. | Maintenance area |
removal Traversing i 7S |
station Py turntable i / N i Disposal C) )
| F AN | vault
Free steered 7 3 T N — = —
stacker truck b N Q Q
L/ N
A N e —— \J /
Containment Travel rails L Travel rails
screen and
roller shutter
door S 2
To other disposal vaults Q L
v
Containment screen and Robotic Linear slideway & Overhead Robotic Linear
roller shutter door ~ manipulator overhead beam Ventilation duct beam manipulator  slideway
\ \ y / \ / ;
\ \ /
\ \ / / Elevated \ / /
( \ control \
To drift reception area ‘ 7 areq
Free steered Flevated ‘ Maintenance area D‘SESEG‘ \
stacker truck 5 control area
T ‘ =5
Concrete
drum ‘ =
removal en
station | \_/ duct
AN —
%ﬁ%,:‘ Rail mounted electric powered
stacker truck
Traversing Harizontal sliding RSILW Set Down 'N'_'R'
Q turntable shield door Position SECTION B B
SECTION 'A’-'A’
Uncontrolled Hard Copy
NUVIA LIMITED ‘ E/DRG/0041134
ST/ | TR [ S/ | P | B S/ | MO |G| ST/ | gy | M| sw/ve | Morgg [y e prves ot [SECURITY CLASS| opany e wss. CEOLOGICAL DISPOSAL FACILITY
P—(Q3 [ S A | LHSTER | p_()) | CEDWARDS | WLJORNSON Not Protectively Marked |cHEcKED [—H0%8 SYSTEM KSF 2013 DERIVED INVENTORY
REVISED IN LINE WITH CLIENT COMMENTS THIS DRAWING IS THE PROPERTY OF C.EDWARDS suB EVAPORITE ROCK
APPROVED LY
MARCH 2017 Q AD Nko NOT WITHOUT ToE  EXPRESS r."a"“ﬂ'\'!\‘\'as‘e STSTEM CONCRETE DRUM DISPOSAL VAULT TRANSFER AND EMPLACEMENT
NUVIA B GOPIED N WHOLE OR P Management LAYOUT & LONGITUDINAL SECTION
for T AT FOR WHICH I 15 SUPBLED. [AUTHORISED] __WJOMNSOR
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ‘| BY Rwm UNITS METRES AB DRG E DRG OOAJ] 1 34
W PAOLEY | P GRSKELL | ey 7 [SMUMSCOMOR 0SS | yors | sroucTion o R 007927 THS DRAWNG WUST BE RERED | paTe | WRCH 2015 SCALE 1:500 No o
° IMMEDIATELY TO THE COMPANY i SIZE . STAT/REV




_| £ =
S} =) o =y
S cl e
= S z S
g o g wd
O (48] O ()
2 o : o>
8 g8
= =
> o2
N~ N~
7.9m Package Stack Width 7.6m Package Stack Width
10.0m Internal | | 10.0m Internal
Section through NNB SILW Vault Section through NNB SILW Vault
1m3 Concrete Drums 5001 Concrete Drums
E ElEy
— — - Real
D
= <l +
| &= -l 3
<= @]
S| =3 S| &
D
) =
E g
o e
~
~
8.8m Package Stack Width 9./m Package Stack Width
10.0m Internal | 10.0m Internal
| |
Section through RSILW Vault Section through RSILW Vault
5001 Drums 3m?3 Boxes
Uncontrolled Hard Copy
NUVIA LIMITED ‘ E/DRG/0041135
STAT/REV | APRROUED | AUTHORISEDT Srar /ey | APPROVED [ AUTHORISEDT srar /Ry | APPROVED [ AUTHORISEDI srar /ey | APRROVED [ AUTHORISEDT Spar /ey | APEROVED [ AUHORSEDT opaun prooucen o |SECURITY CLASS| orawn PULS-COR WBS. OEOLOGICAL DISPOSAL FACILITY
p704 S. MAJHU | PHIMISTER p*OB S.MAJHU |.PHIMISTER p702 C.EDWARDS M.JOHNSON NUVIA Not Protecﬁve\y Marked CHECKED K.MOSS SYSTEM KSF 2013 DERIVED INVENTORY
REVISED TO CLIENT COMMENTS REVISED ANNOTATIONS 10 INCLUDE MINOR AMENDMENTS BASED ON RWM THS DRAWNG IS THE PROPERTY OF C.EDWARDS suB EVAPORITE ROCK
WARCH 2017 METRES & T0 REMOVE NUMBER OF | FEEDBACK. Q eI WheTe ot Lo [APPROVED rmm SYSTEM - RSILW & CONCRETE DRUMS DISPOSAL VAULT
RO TLEE: NUVIA B GOPIED N WHOLE OR P ¥ Management TRANSFER AND EMPLACEMENT CROSS SECTIONS
for T}—?ARN UT?—{S\? Eg; C/’LTC:UEP%SESU%T;\EED. AUTHORISED| _ M.JOHNSON UNITS METRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RAD‘OACTWUENSVSFRSTgOMTAS:gTEMENT LD ON COMPLETION OF THE ORDER BY RWM A 3 DRC. E/D RG/OO 4 'ﬂ 'ﬂ 35 P — 04
M. PADLEY | P GASKELL | \peoy gpr7 |—RSINGLETON | POASKELL |y ogyq | SMLLANSZCONDOR  KMOSS MARCH 2015 INSTRUCTION No. RWM 007927 T NG MUST BE BETNED DATE MARCH 2015 SCALE 1:250 SIZE No. STAT/REV




Crushed

Evaporite
5.0m Spacing
— —
=
<
N~
i Rails
D\sposq\ 3.0m
Container
Crushed
Evaporite
=
O.
N~
Disposal
\ / Container
1 1
Rails for emplacement Uncontrolled Hard COPY
machine WSP | PARSONS BRINCKERHOFF | E/DRG/0041137
STAT/REV | AFRROED | ATHORSEPL srar/rev. | AERROUD | AJHORSED] srar/rev | MRROED | ATHORSED] star/rev | AEROED | ATHORSED] star/rev | ARRBED | A e e iorr | SECURITY  CLASS| orawn |—E WBS. GEOLOGICAL DISPOSAL FACILITY
P02 | R WSP | 2oz Not Protectively Marked |crecke [—PESELL SYSTEM KSF 2013 DERIVED INVENTORY
ADDED ANNOTATIONS AND AMENDED ‘ BRINCRERHOFF [0 NG 15 TE PROPERTY OF APPROVED ]S MILWARD SUB v EVAPORITE ROCK
COLOUR OF BUFFER MATERIAL, RADOACTIVE WASTE WANAGEVENT LTD r Radioactive Waste | svstev HHGW DISPOSAL TUNNEL
R—
- s A B Monsgement CROSS & LONGITUDINAL SECTIONS
for T TRAT FOR WAL T 1 SUPALIED. [AUTHORISED | MJOHNSON UNITS VETRES
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ON COMPLETION OF THE ORDER AB DRG E/ RG/OOLM] 1 37 _
RSNCLETON | POASKELL |1y 5015 INSTRUCTION No.. RN 007927 THIS DRANNG MUST BE RETURNED | pATE DEC 2014 SCALE 1:50 No
) IMMEDIATELY TO THE COMPANY i SIZE . STAT/REV




—UULOoo

UILW Reception/Marshalling Area (High)

onal Area = 10m x 11m =
Area Perimeter = 41.2m
N/
Voult LHGW Effluent Receipt/Despatch
Actual Cross—sectional Area = 8m x 11m = 87.8m’
Perimeter = 37.2m
RSILW Container Disposal Vault

ectional Area = 10m x 5m = 49.8m’
Perimeter

Actual C

Actual Cro:

SILW/LLW Disposal Vault

sectional Area = 10m x 5.5m = 54.8m’ o
Perimeter = 30.2m HHOW/LHGW Ventilotion Hall

Actual Cross

Perimeter =

HHGW/LHGW Support Halls

Actual Cross-—sectional Area = 7m x 5m = 34.8m’
Perimeter = 23.2m

Perimeter = 11.1m

UILW Transfer Tunnel

Actual Cross—sectional Area
4m x 4m = 15.8m"
Perimeter = )

(10

LHGW Service Tunnels

SILW/LLW HEPA Filters

Actual Cross

Emp\o‘:rmiem Shaft

jonal Area = 9m Dia = 63.6m"
Perimeter = 3m

Uncontrolled Hard Copy

WSP | PARSONS BRINCKERHOFF ‘ E/DRG/0041138
APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED APPROVED | AUTHORISED DRAWING PRODUCED BY:
STAT/REV | “ay"pg v run | STAT/REV | gy g v run | STAT/REV | gy g By run | STAT/REV | “gy'pg B R | STAT/REV | “gy'pg BY RWM wse | parsons snckeriore | SECURITY CLASS WBS. GEOLOGICAL DISPOSAL FACILITY
P02 SMAJHU .PHIMISTER WSP | PARSONS Not Protectively Marked SYSTEM KSF 2015 DERIVED INVENTORY
BRINCKERMOFF
UPDATE FOLLOWING IMPLEMENTATION OF ‘ THis DRANING 18 THE PROPERTY OF SUB Ly EVAPORITE ROCK
Radioactive Waste
CR54. oo eavoncase e sspovzonson | AND AT NOT WITHOUT THE EXPRESS SYSTEM LHGW, HHGW & COMMON SERVICE AREAS
ADDED DNLEU DISPOSAL VAULT. Oxford Road o 44 0161200.5001 WRITTEN CONSENT OF THE COMPANY
anchetr 1 760 o BE COPIED IN WHOLE OR IN PART EXCAVATION PROFILES
for OR USED FOR ANY PURPOSE OTHER
RADIOACTIVE WASTE MANAGEMENT (7D | A THAT FOR WHICH T 15 SUPPLED. UNITS METRES DRG
DRAWN | CHECKED | _ DATE DRAWN | CHECKED | _ DATE DRAWN | CHECKED | _ DATE DRAWN | CHECKED | _ DAIE DRAWN | CHECKED | _ DATE . E RG OOLH 1 38
RSINGLETON | P.GASKELL UNDER NIRRT TS GRAVING MUST 8 RETURNED . N P-02
JULY 2016 INSTRUCTION No. RWM 007327 1S DRAVING MUST BE RETURN SCALE 1:200 0. AT /R




=
™~
o
< 5
2 ©
5| T
=
S ~
&) O
x| =2
= dn
- | |
= & -
- S| B
S
= o
O A
BRI =
Q
<
1.0m 6.0m Package Stack Width 1.0m
\ \
8.0m Wide Excavation
Uncontrolled Hard Copy
WSP | PARSONS BRINCKERHOFF ‘ £/DRG/0041139
S e | TR |G| /e | VAR [P s | VA |G| /e | MEraed | PR /e | AR [PER] e Mo s |SECURITY CLASS| owan [T GEOLOGICAL DISPOSAL FACILTY
WSP | PARSONS Not Protectively Marked |cHecKED —TASKELL SYSTEM KSF 2013 DERIVED INVENTORY
‘ BRINCKERHOFF [~ s s THE PROPERTY oF APPROVED S MAHU SUB Iy EVAPORITE ROCK
e reomeos 12 ommoses | DAY KOT ATHOUT ToE EXPRESS nmm SYSTEM DNLEU DISPOSAL VAULT TRANSFER AND EMPLACEMENT
EEITTT RumEE | Ve e e Management CROSS-SECTONS
for A THAT FOR WHICH 115 SUPPLED, [*UTHORISED| 1. PHISTER
DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE DRAWN CHECKED DATE RADIOACTIVE WASTE MANAGEMENT LTD ’ UNITS METRES DRG
2 caneren o e _ N £/DRG/0041139 | P-01
INSTRUCTION No. RWM 007927 1S DRAWING MUST BE RETURN DATE | JULY 2016 SCALE 1:100 SIZE 0. STAT/REV







22

’\C}‘LRQA

¢ P
B UKAS

N | e

001

\,\_OYD’S&C

1SO 9001 - 1SO 14001

Certificate No LRQ 4008580

t +44 (0)1925 802820

Radioactive Waste Management Limited
f +44 (0)1925 802932

Building 587

Curie Avenue

Harwell Oxford

Didcot W www.gov.uk/rwm
© Nuclear Decommissioning Authority 2016

Oxfordshire OX11 ORH



	Front Cover
	Geological Disposal: Generic Disposal Facility Design
	Conditions of Publication
	Preface
	Executive Summary
	List of Contents
	1 Introduction
	1.1 The generic Disposal System Safety Case
	1.2 Introduction to the Generic Disposal Facility Designs report
	1.3 Objective
	1.4 Scope
	1.5 Document structure

	2 GDF Design Development 
	2.1 Disposal concepts
	2.2 Development of the generic designs
	2.3 Iterative design process
	2.4 Design reports and supporting documents
	2.5 Design assumptions
	2.6 Integrating safety into the design
	2.7 Flexibility of the design

	3 Environment and Sustainability
	3.1 Surface spoil management
	3.2 Traffic and transport management
	3.3 Landscape character and visual amenity
	3.4 Flora and fauna
	3.5 Drainage and groundwater management
	3.6 Water supply
	3.7  Ground vibration
	3.8 Noise
	3.9 Light 
	3.10 Air quality
	3.11 Sustainable design

	4 Construction
	4.1 Initial construction phase
	4.2 Concurrent construction and operation
	4.3 Excavation profiles and rock support
	4.4 Groundwater management during construction

	5 Waste Transport, Receipt and Transfer
	5.1 Waste transport
	5.2 Waste receipt and transfer

	6 Surface Support Facilities and Infrastructure
	6.1 Construction support facilities
	6.2 Waste emplacement support facilities
	6.3 Surface infrastructure

	7 Surface to Underground Waste Transport and Facilities
	7.1 Drift
	7.2 Shafts
	7.3 Emplacement shaft (evaporite rock)
	7.4 Access and egress for personnel
	7.5 Underground transport 

	8 Illustrative Underground Layouts and Operations
	8.1 Illustrative underground layouts
	8.2 Operational programme

	9 LHGW Handling and Emplacement
	9.1 UILW handling
	9.2 UILW emplacement
	9.3 SILW and LLW handling 
	9.4 SILW and LLW emplacement
	9.5 NNB SILW concrete drum waste package handling
	9.6 NNB SILW concrete drum emplacement  
	9.7 RSILW container handling 
	9.8  Emplacement of RSILW containers 

	10 HHGW Handling and Emplacement
	10.1 HHGW handling
	10.2 HHGW emplacement
	10.3 Lower strength sedimentary rock  
	10.4 Evaporite rock  

	11 Underground Facilities, Infrastructure and Services
	11.1 Underground facilities 
	11.2 Ventilation systems
	11.3 Underground groundwater management during operation 
	11.4 Electrical power supplies
	11.5 Fire prevention, detection and suppression
	11.6  Emergency preparedness
	11.7 Control systems

	12 Backfilling, Sealing, Closure and Decommissioning
	12.1 Disposal vault and tunnel backfilling during operational phase
	12.2 Disposal vault and tunnel backfilling during closure phase
	12.3 Sealing strategy
	12.4 Closure and decommissioning

	13 Monitoring
	13.1 Baseline monitoring
	13.2 Construction monitoring
	13.3 Monitoring during on-going operation and closure 
	13.4 Post-closure monitoring

	14 Security and Safeguards
	14.1 Security
	14.2 Safeguards

	15 Retrievability
	15.1 Context
	15.2 Retrievability of LHGW packages
	15.3 Retrievability of HHGW packages

	16 Implications of a Change in Inventory
	16.1 Introduction

	17 The Way Forward
	References
	Glossary
	Appendices
	Appendix A – Waste Volumes for Disposal
	Appendix B – Waste Package Numbers
	Appendix C – Summary of the Illustrative Designs
	Appendix D – Construction Materials and Volumes
	Appendix E – GDF Footprint
	Appendix F – Backfill Materials and Volumes
	Appendix G – Packages Requiring Special Emplacement
	Appendix H – Implications of a Change in Inventory
	Appendix I - Waste Disposal Route Diagrams
	1584-04-NDA - Disposal Routes for Radioactive Wastes in Higher Strength Rock.pdf
	1585-04-NDA - Disposal Routes for Radioactive Wastes in Lower Strength Sedimentary Rock.pdf
	1586-04-NDA - Disposal Routes for Radioactive Wastes in Evaporite Rock.pdf


	Drawings
	Higher strength rock illustrative design drawings
	E/DRG/0041021/P-05
	E/DRG/0041023/P-04
	E/DRG/0041026/P-02
	E/DRG/0041027/P-02
	E/DRG/0041028/P-03
	E/DRG/0041029/P-03
	E/DRG/0041030/P-01
	E/DRG/0041031/P-03
	E/DRG/0041032/P-02
	E/DRG/0041033/P-03
	E/DRG/0041034/P-03
	E/DRG/0041035/P-04
	E/DRG/0041036/P-03
	E/DRG/0041037/P-01
	E/DRG/0041038/P-03
	E/DRG/0041039/P-01

	Lower strength sedimentary rock illustrative design drawings
	E/DRG/0041071/P-07
	E/DRG/0041073/P-04
	E/DRG/0041076/P-02
	E/DRG/0041077/P-03
	E/DRG/0041080/P-01
	E/DRG/0041081/P-02
	E/DRG/0041082/P-03
	E/DRG/0041083/P-03
	E/DRG/0041084/P-03
	E/DRG/0041085/P-04
	E/DRG/0041087/P-02
	E/DRG/0041088/P-03
	E/DRG/0041089/P-03
	E/DRG/0041090/P-01

	Evaporite rock illustrative design drawings
	E/DRG/0041021/P-06
	E/DRG/0041123/P-04
	E/DRG/0041126/P-03
	E/DRG/0041127/P-03
	E/DRG/0041130/P-01
	E/DRG/0041131/P-03
	E/DRG/0041132/P-03
	E/DRG/0041133/P-03
	E/DRG/0041134/P-03
	E/DRG/0041135/P-04
	E/DRG/0041137/P-02
	E/DRG/0041138/P-02
	E/DRG/0041139/P-01



	Back Cover



