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The 2011 ESC Site History and Description

Preface

The Low Level Waste Repository (LLWR) is the United Kingdom'’s principal facility for
the disposal of solid low-level radioactive waste. The LLWR is owned by the Nuclear
Decommissioning Authority (NDA) and operated on behalf of the NDA by a Site
Licence Company (SLC) — LLW Repository Ltd.

We, LLW Repository Ltd, are committed to operating the LLWR as a safe and
efficient facility that provides a continuing option for the disposal of low-level
radioactive waste in the UK. This will be achieved consistent with good practice for
the near-surface disposal of radioactive waste, in accordance with environmental and
health and safety regulation and guidance, and in compliance with the terms of our
Nuclear Site Licence and Permit to dispose of radioactive waste.

This report is one of a series of reports that present the evidence underpinning the
2011 Environmental Safety Case for the LLWR —the 2011 ESC. The report has
been prepared by the Environmental Safety Case Project and is issued under the
authority of the Managing Director of LLW Repository Ltd.

ESC objectives

Under the terms of our Permit granted by the Environment Agency, we are required
to submit an Environmental Safety Case (ESC) for the LLWR no later than 1st May
2011 and at intervals thereafter as requested by the Agency. The ESC:

. presents the arguments and evidence concerning the environmental safety of
disposals of solid radioactive waste at the LLWR, at present and in the future,
consistent with the Agency’s Guidance on Requirements for Authorisation;

. provides a basis for the environmentally safe management of the site by the
SLC, and regulation of the site by the Agency, including setting of conditions on
its future management and acceptance of waste.

The ESC is addressed primarily to the Agency and is intended to inform and enable
their regulation of the LLWR. It also provides a plan for the future management of
the LLWR and a baseline against which proposed changes in the plan for the
development of the facility can be tested. As such, it will be of interest to our other
stakeholders, both local and national.

ESC document plan
The ESC consists of documents at two levels:

. A single ‘Level 1’ report outlines the plan for the development of the LLWR and
the main arguments concerning environmental safety and how this is achieved.

. A series of ‘Level 2’ reports present the evidence that underpins our safety
arguments, including descriptions of our management framework, system
understanding, design and management choices, and assessments.

This is a Level 2 report. The ESC Level 1 and 2 reports are listed in the table at the
end of this Preface, which also shows for the Level 2 reports the set of arguments for
which each report mainly provides evidence. The ESC is supported by a large
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number of technical and scientific reports and references that we refer to as ‘Level 3’
documents.

Level 1 — The ESC

Presents the safety arguments

Arguments

Level 2 — ESC topic reports
Presents the evidence, evaluations etc Evidence

Level 3 — Supporting documents
LLWR and contractor technical reports
and external references

The ESC documentation concept
Scope and audiences

The 2011 ESC is based on an optimised ‘Site Development Plan’ developed under
our Environmental Safety Strategy. The Plan sets out our proposals and
assumptions on operations, remedial activities, vault design, capacity and future
waste disposal practice, closure design and management up to the end of
management and regulatory control. It provides a basis for our quantitative
assessments. The Plan is flexible, however, and will be amended as necessary in
the light of UK radioactive waste management needs, operating experience, results
of monitoring, future iterations of the ESC, regulatory and planning guidance and
decisions, and stakeholder views.

The safety arguments set out in the Level 1 report comprise arguments concerning
the development and safety of the Site Development Plan. The Level 1 report
focuses on the arguments in principle, referring to the more detailed and quantitative
evidence that is presented in the Level 2 reports. The main features and findings of
the supporting reports are presented, demonstrating that the Site Development Plan
is optimised, and that the assessed safety is consistent with the regulatory guidance
over the lifetime of the facility, including after closure. The Level 1 report is intended
to be complete enough to inform managers from the Environment Agency,
Government ministries and local government representatives and officials on the
environmental safety of disposal of radioactive waste at the facility. It is also
intended to be an entry point to the safety case for the Agency’s technical staff and
assessors.

The Level 2 reports present the evidence that underpins our safety arguments,
including descriptions of our management framework, system understanding,
optimisation, assessments and proposed conditions for acceptance of waste. The
Level 2 reports are primarily addressed to the Agency’s Nuclear Regulator for the site
and technical staff, and may be of interest to experts in specific technical fields. To
fully satisfy themselves, however, for example, to find supporting information and
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details of the model formulations and data used, technical specialists and reviewers
in specific topic areas may need to refer to Level 3 documents.

We have also produced a Non-technical Summary of the ESC, to help a wider group
of stakeholders understand its nature, conclusions and implications.

Level 1

The 2011 Environmental Safety Case — Main Report [1]

Level 2

Management and
dialogue

Management and Dialogue [2]

System
characterisation
and
understanding

Site History and Description [3]
Inventory [4]

Engineering Design [5]

Near Field [6]

Hydrogeology [7]

Site Evolution [8]

Monitoring [9]

Optimisation and
Site Development
Plan

Optimisation and Development Plan [10]

Assessments

Environmental Safety During the Period of Authorisation [11]
Assessment of Long-term Radiological Impacts [12]
Assessment of Non-radiological Impacts [13]

Assessment of Impacts on Non-human Biota [14]

Waste Acceptance [15]

Assessment of an Extended Disposal Area [16]

Audit

Addressing the GRA [17]

LLWR/ESC/R(11)10018

Page 3 of 64



The 2011 ESC Site History and Description

This page is left blank intentionally.

LLWR/ESC/R(11)10018 Page 4 of 64



The 2011 ESC Site History and Description

Executive Summary

This report presents background information on the past and current state of the
LLWR site as well as information on the geographical and environmental setting of
the facility.

The report provides a description of the history of site use and development, initially
for industrial purposes during World War II, and then as a low-level waste repository,
beginning in 1959 with wastes disposed into trenches. It shows how waste treatment
and disposal practices, as well as management processes, have developed and
improved over the years, in line with enhanced safety requirements, changes in the
types of Low Level Waste (LLW) arising for disposal, and increasing technical
knowledge.

Summary details of the engineered features of the site and an overview of LLW
disposed - the waste inventory - to the different parts of the site are provided. This
highlights the progression in LLW management at the site, from the early disposal of
wastes into open trenches excavated into the local strata, to more recent and much
more highly engineered emplacement and containment in vaults. It also includes a
summary description of LLW, what it consists of, where it comes from, and its
radioactive and other hazardous characteristics.

Other sections of the report provide a description of the geographical and
environmental setting of the facility and its environs and refer to appropriate
supporting documents within the ESC and elsewhere which provide greater detail.
The descriptions include the surface environment (including climate, topography,
soils and sediments, geology and hydrogeology, surface waters, coastal processes,
flora and fauna distributions), and information on human settlement patterns and land
use. Within the context of the ESC, the aim has been to summarise information
about the development of the LLWR site and demonstrate that the understanding of
the biosphere is sufficiently developed to support the performance assessments
undertaken.
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1 Introduction

1.1 Objectives

This report has two main objectives. This first is to provide background information
on the past and current state of the LLWR site to show how it has been developed for
low-level waste disposal. The second is to demonstrate how LLWR have addressed
paragraph 6.4.9 of Requirement 11 of the Guidance on Requirements for
Authorisation (GRA) [18].

Requirement R11: Site investigation

6.4.9 The biosphere is characterised, understood and capable of analysis to the
extent necessary to support the environmental safety case. This may involve
consideration of, for example, topography, soils, surface water systems, flora and
fauna distributions and human settlement patterns and activities.

The investigation and characterisation of the biosphere should be sufficiently
comprehensive to support calculations of dose during the period of authorisation
and should be proportionate to the assumptions made in the environmental safety
case for calculating risks after the period of authorisation.

1.2 Scope

This document provides background information describing the site development and
the current state of the LLWR and the surrounding environment. It includes a
summary description of Low Level Waste (LLW), what it consists of, where it comes
from, its radioactive and other hazardous characteristics, the inventory of LLW
already disposed and that which is planned for future disposal. It also provides
supporting information for the justification of biosphere models used in assessments
of environmental safety during the Period of Authorisation, now under the
Environmental Permitting Regulations 2010, and in long-term assessments after the
authorisation period is completed. The assessments, reported elsewhere, are of
radiological risks to people, but also to other living organisms and to the impacts
associated with non-radiological hazards.

The document begins with a brief description of the setting and main characteristics
of the LLWR site, followed by information on the site history including descriptions of
the site use from the industrial development during World War 1l through to current
LLW management using engineered vaults.

The geographical context of the repository and its environs is described. The focus
is upon the surface environment: the climate, topography, soils and sediments,
surface water systems, flora and fauna distributions, human settlement patterns and
land use. These are all features which we take to correspond to the term biosphere,
as used in paragraph 6.4.9 of the NS-GRA [18]. The geology and hydrogeology of
the site are reported in detail in the ‘Hydrogeology’ report [7].
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The description is made at the regional scale (including the coastal plain and
margins) and the more local scale (the LLWR and its immediate surroundings), as
appropriate to support different aspects of the ESC.

The document does not define or justify assessment models for use in safety
analyses; rather it informs the model development process. The accent of the
description is upon the present-day situation, since discussion of past and
prospective evolution from a climate and landscape perspective is addressed
elsewhere in the ‘Site Evolution’ report [8]. However, important aspects which
require consideration of their future development within the ESC are identified.

The report also provides a context for the discussion of site vulnerability to threats
associated with potential inadvertent human intrusion.

Discussion of present-day climate, soils, sediments and surface waters establishes a
reference point for the analysis of site evolution.

1.3 Structure

Section 2 of this report describes the history of site operations and the industrial
development of the site over a period of more than 70 years. Section 3 provides a
description of the site, including the engineering developments and its environmental
setting. The latter includes descriptions of the local climate, local hydrology, geology
and hydrogeology, soils and sediments and nearby coastal processes. Section 4
presents the conclusions of the report.

All references are supplied in Section 5. A list of acronyms used in the report is given
in Appendix 1. A general glossary for the ESC is appended to the ‘Main Report’ [1].

LLWR/ESC/R(11)10018 Page 10 of 64



The 2011 ESC Site History and Description

2 Site History

2.1 Site Setting

The LLWR is located on the coastal plain of West Cumbria about 0.5 km from the
Irish Sea coast (see Figure 2.1). It is about 3 km from the Ravenglass Estuary where
the Rivers Irt, Mite and Esk join. The Rivers Irt and Mite flow roughly south-west
from the hills inland in the Lake District. The River Esk is separated from the other
rivers by the prominent bedrock ridge of Muncaster Fell. To the east, the site is
bounded by the Carlisle to Barrow-in-Furness railway line.

The topography surrounding the site varies from about 25 m above current sea level
(above ordnance datum, AOD) to the north-east and west of the site to less than

5 m AOD at the south-eastern site boundary. To the west of the site, the topography
gently undulates towards a small cliff line marking the edge of the Drigg beach.

The Drigg Stream flows through the site roughly parallel with the western site
boundary. Towards the centre of the site, the Drigg Stream is joined by the
East-West Stream, which originates off site to the north-east, draining farmland and
also taking water from the railway drain. The Drigg Stream leaves the site to the
south and discharges into the River Irt, which is tidal at that point. The River Irt forms
the northern arm of the estuary complex at Ravenglass that also comprises the rivers
Mite and Esk.

Approximately 1 million m® of low level waste has been disposed, initially as loose
tipped waste in trenches excavated into the ground, and latterly as treated wastes,
grouted into steel ISO containers placed within specially built concrete-lined vaults®.
A recent aerial view of the site is presented as Figure 2.2 and the principal site
features are shown on Figure 2.3. The existing and planned vault bases have
elevations of 10 to 14 m AOD, and final waste stack heights will be from 21 m AOD
(four-high container stacking) to 27 m AOD (eight-high stacking). The trench bases
have elevations of around 10 m AOD.

LLW consists of a wide variety of materials containing or contaminated with a variety
of radionuclides, some of which are man-made and some of which arise naturally but
whose concentrations have been modified by human activities, to the extent that it is
considered appropriate to manage them as radioactive waste.

LLW is less hazardous than higher activity concentration radioactive waste (for
instance, shielding is not normally required during routine handing or transport [19])
and some types of non-radioactive hazardous waste [20].

' The volume of waste disposed is not the same as the volume occupied by the waste.

For example, about 800,000 m*® of waste was disposed to the disposal trenches. This
was compressed down to occupy a volume of about 500,000 m?®.
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Figure 2.1 Site location
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Figure 2.2 Aerial photograph of the LLWR site 2011  (viewed from north-west
to south-east)

Figure 2.3 Schematic view of the LLWR site (from th e south-east) showing
the trenches, Vault 8 and Vault 9
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