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The 2011 ESC Assessment of Non-radiological Impacts

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 | Management and Dialogue [2]
dialogue

System Site History and Description [3]
characterisation

and understanding Inventory [4]

Engineering Design [5]
Near Field [6]
Hydrogeology [7]

Site Evolution [8]
Monitoring [9]

Optimisation and Optimisation and Development Plan [10]
Site Development
Plan

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]
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Executive Summary

We, the LLW Repository Ltd, consider that the Low Level Waste Repository (LLWR)
provides a level of protection for people and the environment against non-radiological
hazards that is ‘no less stringent’ than would apply under ‘nationally acceptable
standards’ for the disposal of hazardous waste, in keeping with Requirement R10 in
the environment agencies’ ‘Near-Surface Disposal Facilities on Land for Solid
Radioactive Wastes Guidance on Requirements for Authorisation’. In support of this
conclusion, we present data from the LLWR's non-radiological monitoring
programme and the results of assessment calculations. We have considered relevant
aspects of the design and management of the LLWR that support the statement that
the LLWR provides adequate and ‘no less stringent’ protection of people and the
environment against non-radiological hazards.

Design of the disposal system

Historically, waste was disposed of at the LLWR by tumble tipping into the trenches.
This was a widespread and internationally accepted practice when the trenches were
first commissioned. Post-emplacement engineering included the installation of an
interim cap and cut-off wall (COW), which act to reduce the non-radiological impacts
of the inventory disposed of in the trenches by limiting release of both gaseous and
agueous contaminants into the environment. In the vaults, wastes are grouted and
disposed of in mild steel containers, which are more durable than containers that
would be used to dispose of hazardous wastes in a landfill and reduce the potential
for interaction between the wastes and water passing through the facility. Both the
trenches and the vaults will be covered by a final cap and the COW will be extended
around the facility. Leachate will be collected from the bottom of the trenches and the
vaults and discharged via the Marine Pipeline.

Given that the release of contaminants cannot be prevented indefinitely, these
measures act to reduce the potential impacts on people and the environment by
reducing the likelihood of local discharge to the surface environment and reducing
concentrations of non-radiological contaminants in groundwater during the Period of
Authorisation (PoA) and following withdrawal of our environmental Permit.

Our design for the vaults is more effective in limiting releases of non-radioactive
contaminants than would be the case for a landfill in the following respects:

. the waste in the vaults is contained in ISO containers, which will provide
substantial containment during the PoA,;

. given the persistence of the ISO containers, pumping of leachate will be highly
effective in limiting releases to groundwater during the PoA;

. the low sidewalls in the future vaults will make local discharge to the surface
environment much less likely than would be the case with a landfill;

. wastes in the vaults are grouted to reduce voidage, promoting the stability of
the cap;

. the period of active institutional control will be substantial, far longer than is
planned for any landfill, allowing monitoring of the evolution of the engineered
features.
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Assessment approach

In assessing the impacts from non-radiological contaminants, we have drawn on data
from the current monitoring programme and on the results of assessment
calculations.

We believe that it is appropriate to assess the potential non-radiological impacts
arising from the LLWR in a manner that is as consistent as possible with the
approach that we have followed with respect to radiological impacts. We have
assessed non-radiological impacts for the groundwater pathway using a systems
assessment model developed using the program GoldSim.

Concentrations of contaminants in groundwater have been calculated underneath the
LLWR and between the LLWR and the coast (where groundwater might be exploited
using a water abstraction well). Calculated concentrations have been compared with
assessment standards, which are usually based on the more restrictive limit of the
UK Drinking Water Standard or the Environmental Quality Standard for freshwater.
The use of such standards ensures the protection of people and the environment.

We have followed a more comprehensive approach to the assessment of non-
radiological hazards than would be the case for a landfill. In particular, we consider
what will happen to the facility after the end of management control and extend our
assessment to long times in the future.

It is noted that a number of aspects of our assessment models are cautious. In
particular, we have compared estimated leachate concentrations from our
groundwater pathway assessment model with monitoring data for leachate. We have
found that the assessment model for the Period of Authorisation generally predicts
higher contaminant concentrations than we currently measure in leachate.

Impacts during the Period of Authorisation

Monitoring data for non-radiological contaminants in groundwater have been
reviewed recently. The levels of non-radiological contaminants leaving the LLWR at
present are sufficiently low that their impact is indiscernible from background
concentrations. Where concentrations exceed the relevant assessment standards,
these substances are considered to be present in groundwater as a result of natural
processes or agricultural activities up-stream of the site. Monitoring will continue
during the POA to provide reassurance that concentrations of non-radiological
contaminants remain low.

We have assessed the impact of the release of non-radioactive contaminants from
the trenches during the PoA. The combined effects of the cap, the ISO containers
and leachate collection will ensure that releases from the vaults are not significant.
Assessment calculations suggest that, as a result of releases from the trenches,
there will no exceedances of the relevant standards during the remainder of the PoA.

Impacts after the Period of Authorisation

Assessment models have been used to estimate impacts for release in groundwater,
and consequent on human intrusion and coastal erosion. For the groundwater
underneath the vaults and after the end of the PoA, results based on our reference
case assessment model lead to a number of exceedances of the relevant
assessment standards. For chromium results are approximately equal to, for lead
about half an order of magnitude higher than, and for molybdenum and nickel up to
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about an order of magnitude higher than the relevant assessment standard. For
groundwater underneath the trenches and after the end of the PoA, results for
chromium are approximately equal to, for lead, molybdenum and zinc about an order
of magnitude higher than, and for nickel about two orders of magnitude higher than,
the relevant assessment standard. We have compared leachate concentrations
estimated with our assessment models with those that are currently observed in
trench leachate. This comparison suggests that, in general, the assessment near-
field model overestimates leachate concentrations.

A simple assessment has been performed of potential non-radiological impacts
arising from human intrusion. The same conceptual model has been used as for
radiological impacts. An intrusion associated with a smallholding has been
considered and it is assumed that the smallholder grows crops on land contaminated
as a result of an intrusion associated with the smallholding. Concentrations of
contaminants in soils were compared with Soil Guideline Values. A number of
contaminants were found to be present in excess of these values, in particular iron (a
factor of about two above), chromium (about an order of magnitude above), lead
(less than a factor of two above), molybdenum (about an order of magnitude above),
nickel (a factor of about thirty above) and uranium (a factor of about five above).
However, the model used was simple and assumed that metals would be released
into the soil instantaneously, rather than remaining for a period within uncorroded
metal, and the leaching of contaminants from the soil has not been represented.

Concentrations of contaminants in beach sediments were calculated, subsequent to
the occurrence of coastal erosion. These were compared with concentration
measures based on acceptable intakes, and assuming inhalation of dust and
inadvertent ingestion of sediment. It was found that concentrations of chromium (a
few percent above) and copper (a factor of three above) are above the relevant
concentration measures. At this stage, we have not assessed the potential impacts
that might arise via marine pathways.

We have considered the impacts that might arise from toxic or flammable gases and
concluded that such impacts will be very low.

Assessment models suggest that a number of metals would be present in the
environment, after the end of the PoA, at concentrations exceeding the standards
that we have set out. The exceedances relate to substances present in steels,
common alloys and copper, rather than to hazardous substances. We consider that
the performance provided by the LLWR would be similar or better than that provided
by any landfill after the end of the period of management and note that assessments
are not required or conventionally undertaken for a landfill after this period. In terms
of broad consistency with policy for the management of landfill wastes, we suggest
that the proposed disposals of these materials to the LLWR are acceptable.

Waste acceptance aspects

In our judgment, there are a number of areas where disposals of chemotoxic
substances should be limited. For specific contaminants identified:

. as hazardous under the Hazardous Waste regime,
. as hazardous pollutants in relation to the Environmental Permitting regime, or

. as non hazardous pollutants, but present in a soluble form,
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. containing lead,;
. containing asbestos.

Given the issues arising with respect to the period after the withdrawal of the
environmental Permit and the choices that need to be made in setting Waste
Acceptance Criteria, we would value further discussion with the Environment Agency
before finalising our proposals.
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1 Introduction

1.1 Objectives

This report on the assessment of non-radiological hazards provides evidence that
we, the LLW Repository Ltd, have met Requirement R10 of the environment
agencies’ ‘Near-Surface Disposal Facilities on Land for Solid Radioactive Wastes
Guidance on Requirements for Authorisation’ (the GRA) [18]:

Requirement R10: Protection against non-radiological hazards

The developer/operator of a disposal facility for solid radioactive waste
should demonstrate that the disposal system provides adequate protection
against non-radiological hazards.

The objectives of this report are based on the detailed requirements in the GRA,
which are quoted in Subsection 2.4. We aim to provide evidence that levels of
environmental protection for people and the environment against non-radiological
hazards at the Low Level Waste Repository (LLWR) are ‘no less stringent’ than those
applied under ‘nationally acceptable standards’ for the disposal of hazardous waste,
as stated in the GRA [18]. We focus on presenting evidence to support the following
safety arguments:

. optimisation of the management, design and operation of the LLWR with
respect to radiological hazards will also act to limit as far as practicable the
potential impact of non-radiological hazards from the LLWR;

. results from current monitoring programmes at the LLWR provide reassurance
that appropriate standards for protection of people and the environment are
being met during the operational phase;

. appropriate environmental monitoring programmes will be implemented during
the period of active institutional control;

. assessment calculations provide reassurance that appropriate standards of
protection of people and the environment will be met in the post-closure period
after the cessation of active institutional control.

The scope and structure of this report are defined and outlined in Subsections 1.2
and 1.3, respectively.
1.2 Scope

This report considers the non-radiological hazards that may be associated with the
disposal of radioactive waste at the LLWR and discusses four aspects:

. the design of the facility;

. the non-radioactive component of the disposed inventory;
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. results from past and current monitoring programmes;

. assessment calculations for the Period of Authorisation (PoA) and the period
following the withdrawal of the environmental Permit.

The scope of this report does not include potential legacy or more recent sources of
non-radiologically contaminated land at the LLWR that could pose a hazard to people
or the environment [19]. The sources listed below are described in the ‘Site History
and Description’ report [3] and are covered by a separate contaminated land safety
assessment [20]:

. the legacy of Royal Ordnance Factory (ROF) operations and buildings;

. storage of chemicals within the Plutonium Contaminated Material (PCM)
magazines and adjacent area;

. potential contaminant migration from off-site, across the site boundary;

. LLWR operations other than waste disposal, including transport, waste
conditioning and herbicide application;

. drainage systems and foul sewers.

The approach taken in the assessment of the non-radiological hazards associated
with the disposed waste inventory is described and justified and the results of
monitoring and assessment calculations are compared with values from appropriate
assessment standards for the four main pathways that are considered in the
radiological hazard assessment, namely groundwater, gas, coastal erosion and
human intrusion.

The potential impact of non-radiological hazards from the groundwater pathway and,
to a lesser extent, those from the coastal erosion pathway are assessed in more
detail than the potential impact from the gas and human intrusion pathways,
reflecting the likely relative significance of the pathways. The latter pathways are
assessed on the basis of scoping calculations and qualitative arguments.

This report presents evidence that the disposal system provides adequate protection
against non-radiological hazards. Where relevant, reference is made to other ESC
reports for background and supporting information:

. The ‘Site History and Description’ report [3] provides a detailed description of
the LLWR site and the historical development of the disposal facility trenches
and vaults, which is summarised in Subsection 2.3.

. The non-radiological inventory of the LLWR is summarised in the ‘Inventory’
report [4]

. Hydrogeological data for the LLWR site that are used in the non-radiological
assessment are mainly taken from the ‘Hydrogeology’ report [7].

. The results in this report are presented in terms of contaminant concentrations
in environmental media, with reference concentration values given for
comparison. Some of these values, along with monitoring data, have been
compiled from the ‘Monitoring’ report [9].
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. Information on the design of the facility and optimisation for radiological risks
are taken from the ‘Engineering Design’ [5] and the ‘Optimisation and
Development Plan’ [10] reports, respectively.

. The ‘Assessment of an Extended Disposal Area ‘report [16] contains the results
of a long-term non-radiological assessment, conducted using a similar
methodology to the non-radiological assessment for the Reference Disposal
Area (this report).

This report is also based on an assessment reported in reference [21] and previous
work [19] conducted to consider the potential non-radiological hazards posed by the
inventory at the LLWR, focusing on the period after emplacement of the cap in 2180.

This report uses information from the detailed Level 3 reports to support the safety
arguments presented. A recent review of non-radiological monitoring data [22] and a
periodic review of monitoring data conducted by LLWR in 2010 [23] provide
additional information to the ‘Monitoring’ report [9], particularly on the results of
historical and current monitoring and the details of future monitoring programmes.

1.3 Structure
The report is structured as follows:

. Section 2 briefly describes the geology and hydrogeology of the LLWR site and
the LLWR disposal system, explains how the non-radiological inventory has
been derived for the trenches and vaults, and presents the regulatory context
for the main legislative and regulatory requirements and guidance that are
relevant to non-radiological hazards at the LLWR.

. Section 3 provides admissible concentration values for contaminants in
environmental media and defines Environmental Quality Standards (EQS)
against which the results of the assessment can be compared.

. Section 4 discusses aspects of the disposal system design and management
that act to protect people and the environment from the potential impact of non-
radiological contaminants from the LLWR.

. Section 5 compares the non-radiological monitoring data for the LLWR against
applicable standards and baseline ranges to assess the past and current
impact on the environment of releases of non-radiological contaminants from
the LLWR into groundwater. The future monitoring programme and strategy are
also described.

. Section 6 describes the calculations performed to assess the impact on the
environment of releases of non-radiological contaminants from the LLWR
through the groundwater, gas, coastal erosion and human intrusion pathways.

. Section 7 presents the non-radiological safety arguments, based on the design
and management of the disposal system, monitoring data, and results from
assessment calculations that support our response to Requirement R10.

. Section 8 provides the conclusions of the report.
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. Section 9 lists the references used in the report.

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].
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2 Background

This section briefly describes the development of an assessment of non-radiological
impacts for the 2011 ESC (Subsection 2.1), the geology and hydrogeology of the
LLWR site (Subsection 2.2) and the LLWR disposal system (Subsection 2.3),
considers the regulatory context for the main legislative and regulatory requirements
and guidance that are relevant to non-radiological hazards at the LLWR
(Subsection 2.4) and details the non-radiological inventory disposed of in the
trenches and vaults (Subsection 2.5).

2.1 Previous Submissions

The previous Site Licence Company (SLC), British Nuclear Fuels plc (BNFL),
submitted operational and post-closure safety cases (the OESC and PCSC,
respectively) for the LLWR to the Environment Agency in 2002 [24,25]. The 2002
safety cases did not include an assessment of non-radiological impacts because
these were out of scope at the time; Requirement R10 as set out in the 2009
GRA [18] is a new requirement.

The 2002 OESC and PCSC were reviewed by the Agency and, following a period of
consultation, a new Authorisation was granted [26]. Under the Environmental
Permitting Regulations 2010 (EPR10), this has been replaced by a Permit that
carries forward the previous conditions and requirements [27]. The Permit is split
into a number of schedules, of which Schedule 9 is a list of improvements and
additional information that the operator must supply. Requirement 13 of Schedule 9
stated ‘The Operator shall undertake a review that considers the nature, quantities
and sources of foreseeable emissions of non-radioactive substances from the
installation into each environmental medium, and a description of any foreseeable
significant effects on the environment, and provide a detailed written report to the
Agency’.

An assessment of non-radiological impacts was submitted to the Environment
Agency in 2008 [19] in response to Requirement 13 of Schedule 9. Reference [21]
includes a more sophisticated treatment of the release and transport of contaminants
from the near field than that used in the Requirement 13 assessment. The
Requirement 13 assessment neglected solubility limitation and sorption to near-field
materials such as soil in the trenches and grout in the vaults, and assumed that the
entire disposed inventory entered into solution immediately on contact with pore
water. The approach underpinning the non-radiological assessment calculations for
the ESC is described in Section 6.

2.2 Geology and Hydrogeology of the LLWR Site

The regional geology of west Cumbria is described in the publications of the British
Geological Survey [28,29]. The geological structure in the region of the LLWR
consists of Quaternary deposits (up to 2.6 million years old) overlie older bedrock.
Quaternary deposits at the LLWR site are a reflection of complex glacial processes,
which were responsible for the deposition of a sequence of glacio-fluvial drift deposits
up to 60 m thick. The deposits consist for the most part of interbedded clay, sands
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and gravels. The Quaternary deposits overlie Triassic Ormskirk Sandstone (around
240 million years old).

In the vicinity of the LLWR site, groundwater generally flows from the Lake District
hills towards the coast (see Figure 6.3). The hydrogeology at the LLWR site, as
described in reference [30], is complex and key features include an Upper and
Regional Groundwater. The Upper Groundwater is unconfined within shallow
Quaternary drift deposits (outwash sands and clayey till), above 5 to 8 m above
Ordnance Datum (AOD), and is most evident in the north-west and central parts of
the site. Towards the south-east boundary of the site, the direction of groundwater
flow in the Upper Groundwater merges with that in the Regional Groundwater and
the two cannot be differentiated in this area. There are steep vertical hydraulic
gradients between the Upper Groundwater and the underlying Regional
Groundwater, which occur in the deeper drift deposits and in the underlying Ormskirk
Sandstone.

The groundwater flow direction in the Regional Groundwater at the LLWR is
generally to the south-west (towards the coast) where it discharges to the inter-tidal
zone and off shore. A component of the Regional Groundwater passing under the
south-eastern part of the site discharges to the River Irt and the Ravenglass Estuary
(Figure 2.1). It also discharges into the Drigg Stream in the south-eastern area of the
site.

Further information is given in the ‘Hydrogeology’ report [7].
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Figure 2.1 Location of the LLWR in relation to the coastline and the River Irt,
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2.3 Background to LLW Disposals at the LLWR

A detailed account of the historical development of the LLWR is provided in the ‘Site
History and Description’ report [3]. An overview of the development of the LLWR
facility, focusing on previous LLW disposals to the trenches and vaults, is provided
below. The LLWR receives waste from a range of consignors, including nuclear
power stations, fuel cycle facilities, defence establishments, general industry, isotope
manufacture sites, hospitals, universities and from the clean-up of historically
contaminated sites.
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Figure 2.2 Layout of the trenches and vaults (including future Vaults 10 to 14)
at the LLWR, from reference [5]

2.3.1 Trench Disposals

Between 1959 and 1995, seven trenches were excavated (Figure 2.2). Where
possible, the excavation was taken down to a natural clay layer. The base of each
trench was generally excavated into a clay-rich layer of the natural geology at a
depth of 5 to 8 m below ground level, with imported bentonite clay added where the
natural clay layers were incomplete or absent. A total volume of approximately
800,000 m® of LLW has been disposed by tumble-tipping into the trenches; this
volume has reduced to less than 500,000 m? as a result of compaction on disposal
and settlement and degradation processes.
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Figure 2.3 Schematic cross-section through the LLWR, from
reference [5] showing the graded stacking of ISO containers in the vaults
from 4 to 8 high (HI). (Note: vertical scale exaggerated for clarity)

Post-emplacement engineering has been undertaken to mitigate the impacts of
groundwater migration from the trenches towards the coast. Leachate drains were
constructed at the bottom of the trenches and firebreaks were constructed at
intervals in some trenches. Leachate is collected from the southern end of each
trench and discharged to sea via the Marine Holding Tanks (MHT). A cut-off wall
(COW) was installed from the north-east corner of Trench 8 to the southern end of
Trench 7 between late 1989 and 1995 in order to limit the potential for lateral
migration of leachate from the trenches to the adjacent railway cutting (Figure 2.3).
In addition, an interim cap, extending over the top of the COW, was completed over
Trenches 1 to 6 in 1989 with these objectives:

. to isolate the waste from the near-surface environment, limiting the possibility
of disturbance and protecting the waste during the initial phases of waste
settlement;

. to control the release of gas from the trench disposal area,;

. to limit the infiltration of rainwater into the disposal area and, hence, the volume
of leachate generated.

In combination with the interim cap, the COW also supports the minimisation of
leachate production by controlling the lateral migration of meteoric groundwater into
the trenches from the surrounding land.

The interim cap was subsequently extended to cover Trench 7, following completion
of trench disposal operations in 1995. In association with these post-emplacement
actions, the disposal of loose wastes was phased out, and was replaced by the
emplacement of compacted, containerised and grouted wastes in engineered
concrete vaults.
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2.3.2 Vault Disposals

In 1988, Vault 8 was constructed, with concrete walls, and a base consisting of
concrete and a geo-membrane. The vault has surface water drains to collect
rainwater from the surface of the base slab, while an under-slab drainage blanket
and perimeter drains collect groundwater from beneath and around the vault. The
ultimate barrier to downward migration of leachate is the same as for the trenches —
the low conductivity of the naturally occurring boulder clay layer beneath the vault
foundations, improved where necessary by the incorporation of bentonite.

Between 1988 and 1995 disposal to the trenches and Vault 8 occurred concurrently.
In Vault 8, containment of components of the disposed wastes within the vault was
enhanced by changes to the wasteform to reduce the potential for interaction
between the wastes and waters passing through the facility. LLW was generally
disposed of in the Vault grouted into half-height ISO (International Standard
Organisation) containers, although some larger items were grouted in place.

Vault 8 is currently uncapped and leachate consists predominantly of rainwater as
the waste in the vaults is contained and water is drained from the bottom of the
vaults. Leachate is collected and discharged to sea via the MHT.

Construction of Vault 9 commenced in September 2008 and was completed in
December 2010. The base and walls of Vault 9 include low-permeability membranes
and low-permeability Bentonite enriched soil (BES) layers, and the base includes a
drainage layer. Temporary planning permission for Vault 9 was granted in January
2008, on the basis that it would be used for storage only. This did not preclude the
possibility of subsequently achieving planning permission for the Vault to be
converted to use for disposal. However, such permission would necessarily be
conditional on satisfying Environment Agency requirements for regulatory
authorisation. The current ESC is a key supporting document in our plans to achieve
both planning permission and regulatory authorisation for continued disposal of LLW
at the facility.

2.4 Regulatory Context

The Environment Agency’s expectations regarding protection against non-
radiological hazards at near-surface facilities for the disposal of solid low-level
radioactive waste are described in Requirement 10 of the GRA [18] (Subsection 1.1).
The objectives of this report are based on the detailed requirements given in
supporting paragraphs (6.4.2 to 6.4.5 of reference [18]) that explain how a developer
or operator may meet Requirement 10 (emphasis added):
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Some waste disposed of at a facility receiving radioactive waste may be
potentially harmful wholly or partly because of its non-radioactive properties.
There are nationally acceptable standards for disposing of hazardous
waste. However, these standards may not be suitable to apply directly to
waste that presents both radiological and non-radiological hazards.
Accordingly, these standards need not necessarily be applied, but a level
of protection should be provided against the non-radiological hazards
that is no less stringent than would be provided if the standards were
applied. This could be achieved by ensuring that materials posing non-
radiological hazards are contained within the facility over timescales at least
as long as those provided for by the barriers at a site for disposal of non-
radiological hazardous wastes.

For some wastes disposed of, the non-radiological hazards may be greater or
more persistent than the radiological hazards. Non-radiological hazards may
be to people or to the environment or to both. They may constitute properties
of the waste as initially disposed of, or may result from subsequent physical or
chemical changes to the waste, or from chemical or biochemical action on it.
Non-radiological hazards may be presented by a wide range of substances
and in diverse ways. Examples of hazardous substances include asbestos,
poisonous inorganic chemicals such as heavy metals and their compounds,
poisonous organic chemicals such as cyanides, and gases such as methane
(generated by biochemical action), that are flammable and/or contribute to
climate change. Environmental safety case arguments focused on
radiological hazards may not be applicable to non-radiological hazards.

As stated in paragraph 4.4.2 under Principle 2, ‘optimisation’ (keeping risks as
low as reasonably achievable) only applies to radiological risks. However,
adequate protection against non-radiological hazards needs to be
maintained when optimising for radiological risks.

The environmental safety case will need to demonstrate that adequate
protection against non-radiological hazards is achieved, using methods and
approaches suited to the nature and proportionate to the magnitude of these
hazards and suited to the characteristics of the disposal system.

A key part of Requirement R10 is for ‘nationally acceptable standards’ to be
considered. The protection provided by the LLWR could therefore be assessed or
benchmarked against the following key pieces of legislation that provide public and
environmental protection against hazards in conventional hazardous waste facilities:

the European Union (EU) Water Framework Directive, as implemented in the
UK by the Environmental Permitting Regulations 2010 (EPR10) [31];

the EU Landfill Directive, as implemented in the UK by the EPR10;

the UK Drinking Water Standards (DWS), as set out in the Water Supply
Regulations [32].

The requirements of these three pieces of legislation are considered to be relevant to
the LLWR and are described briefly, in turn, below.
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2.4.1 The Water Framework Directive

The Water Framework Directive (WFD) [33] sets out general provisions to ensure
integrated management of surface waters and groundwater, water quality and water
resources. With regard to water quality, the WFD aims to protect groundwater from
pollution, and significantly reduce the entry of certain hazardous substances to
surface waters. It sets objectives for water quality, including an objective to meet
‘good chemical status’ by 2015, an objective on pollution trends, and an objective to
prevent or limit the input of pollutants to groundwater. The EU 2006 Groundwater
Directive [34] clarifies these objectives and sets out specific measures to prevent and
control groundwater pollution. The new groundwater regime (consisting of both the
WFD and the 2006 Groundwater Directive) was implemented in the Groundwater
(England and Wales) Regulations 2009 [35] (the ‘2009 Regulations’). Although the
2009 Regulations have been superseded by the groundwater provisions of EPR10, in
particular Schedule 22 of EPR10, with regard to groundwater protection, EPR10
achieves the same effect as the 2009 Regulations.

Of further relevance is the removal of the exemption under the Groundwater
Regulations for discharges containing radioactive substances [31]. As a result, the
LLWR must take ‘all measures deemed necessary and reasonable to avoid the entry
of hazardous substances to groundwater’ and non-hazardous substances should be
present at concentrations below the relevant standards. The Common
Implementation Strategy guidance issued by the European Commission states that
“reasonable’ means technically feasible and not involving disproportionate cost’.
However, the Defra guidance [36] also states that ‘for disposals of any solid wastes,
absolute and indefinite containment of pollutants within a disposal facility will not be
achievable’, and further that * ...when considering what measures are ‘reasonable’,
the radiation protection principle of optimisation should be observed'.

Annex 2 of reference [36] notes that there is 'a practical limit to what can realistically
be achieved within the overall context of aiming to avoid the introduction of all
hazardous substances into groundwater' and provides guidance on necessary and
reasonable measures.

The Defra guidance on EPR10 defines hazardous substances and non-hazardous
pollutants [36]:

‘4.7 ‘Hazardous substance’ is defined in Article 2(29) of the Water FD as
meaning substances or groups of substances that are toxic, persistent
and liable to bio-accumulate, and other substances or groups of
substances which give rise to an equivalent level of concern. Article 6.1
of the GWDD [the Groundwater Daughter Directive 2006] adds an
indicative list to this description by reference to list of pollutants in
Annex VIII to Water Framework Directive. This comprises a
combination of List | substances from the GWD [the Groundwater
Directive 1980] (and the annex to the 1998 Regulations) and any other
substances which meet the criteria for persistence, toxicity and
bioaccumulation taking into account those substances listed in Water
Framework Directive Annex VIII. List | substances are effectively a
(large) subset of the potentially wider group of hazardous substances.

4.8 For the purpose of clarity the Environment Agency is required to
maintain and publish a list of hazardous substances.
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4.9 The identification of hazardous substances will be the responsibility of
the Environment Agency on the recommendation of the Joint Agencies
Groundwater Directive Advisory Group (JAGDAG). JAGDAG comprises
a committee of experts drawn from the UK environment agencies,
research and consultancy interests, the water industry and various
other sector interests.’

The guidance also states that ‘all former List | substances are hazardous
substances’. Accordingly, we have defined hazardous substances and non-
hazardous pollutants based on the former List | and the draft list of substances
published by JAGDAG [37].

EPR10 is the key piece of legislation in England that provides for protection of
groundwater. It distinguishes between hazardous substances and non-hazardous
pollutants. A hazardous substance is defined as ‘any substance or group of
substances that are toxic, persistent and liable to bio-accumulate’ and ‘in particular
includes the following when they are toxic, persistent and liable to bioaccumulate —

(a) organohalogen compounds and substances which may form such
compounds in the aquatic environment;

(b) organophosphorous compounds;

(c) organotin compounds;

(d) substances and preparations, or the breakdown products of such, which have
been proved to possess carcinogenic or mutagenic properties or properties
which may affect steroidogenic, thyroid, reproduction or other endocrine-

related functions in or via the aquatic environment;

(e) persistent hydrocarbons and persistent and bioaccumulable organic toxic
substances;

() cyanides;

(9) metals (in particular cadmium and mercury) and their compounds;
(h) arsenic and its compounds;

0] biocides and plant protection products.’

A non-hazardous pollutant is defined as ‘any pollutant other than a hazardous
substance.’

EPR10 specifies that the Environment Agency may provide an exemption from the
requirement for a permit, a discharge or an activity that would result in an input of
pollutants to groundwater in circumstances when:

. the quality of groundwater would to all intents and purposes be unaffected;

. the measures needed to protect groundwater would cause greater harm to
human health or wider environmental needs; or

. the measures to remove quantities of pollutants from, or otherwise control their
percolation in, contaminated land or subsoil would be disproportionately costly.
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Under the WFD, Environmental Quality Standards (EQSs) for certain priority
substances have been developed throughout the EU, and the UK Joint Agencies
Groundwater Directive Advisory Group (JAGDAG) has published a draft list of
substances that it considers to be hazardous substances on the basis of their
intrinsic properties [37]. An EQS is a concentration (of a specific chemical or
compound) that is set to protect a range of biological receptors in the aquatic
environment (either freshwater or seawater). EQSs for substances in the groups
listed in Annex VIII (Indicative List of the Main Pollutants) of the WFD are concerned
with the protection of aquatic life, although they also take into account risks arising
from the contamination of sediments and impacts on prey species.

The Environment Agency has published a list of selected water-quality standards for
use in the environmental assessment of landfills (Appendix 8 of reference [38]).
Selected EQS for freshwater [EQS(F)] and saltwater [EQS(S)] are presented in

Table 2.1.

Table 2.1  Environmental Quality Standards for annual average

concentrations of selected contaminants in freshwater [EQS(F)]

and saltwater [EQS(S)] [38]

Contaminant Units EQS(F) EQS(S)
Ammonia (NH; as N) mg It 0.015 0.021
Arsenic mg I'* 50 25
Boron mg I 2 7
Cadmium mg I 0.08 —0.25 0.2
Chloride mg It 250

Chromium mg I'* 3.4-47 0.6
Copper mg I 1-28 5
Fluoride mg It 1-5

Iron mg I 1 1
Lead mg I'* 7.2 7.2
Mercury mg I 0.05 0.05
Nickel mg I 20 20
Phenol (total) mg I'* 7.7 7.7
Sulphate mg I 400 250
Tin mg I 25 10
Vanadium mg I 20 - 60 100
Zinc mg I 8125 40

2.4.2 The Landfill Directive

The Landfill Directive [39] aims to prevent or reduce as far as possible the negative
effects of landfilling on the environment, as well as any resultant risk to human
health. It seeks to achieve this through specifying uniform technical standards and
sets out requirements for the location, management, engineering, closure and
monitoring for landfills. The Directive is supported by EU Council Decision
2003/33/EC [40] that specifies waste acceptance procedures and criteria that waste
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must meet to be accepted at landfills. The requirements of the Landfill Directive are
implemented in England and Wales through EPR10 [31].

Although there is no requirement for the LLWR to meet the Landfill Directive [41], it
provides useful guidance. The requirements that are relevant to the protection of the
public and the environment against non-radiological hazards are outlined below,
along with Defra guidance on interpreting and implementing the requirements [42].
We have only included the requirements that we consider to be relevant to the
LLWR. The Environment Agency recognises the need for a proportionate approach
to the treatment of legacy landfills; a proportionate approach to the current and future
management of the trenches is set out in our strategy for the way forward
management plan and the ESC (see Subsection 4.1).

Water control and leachate management

The requirements for water control and leachate management (paragraph 2 of
Annex | to the Landfill Directive [41]) are specified as follows:

‘Appropriate measures shall be taken, with respect to the characteristics of the landfill
and the meteorological conditions, in order to:

. control water from precipitations entering into the landfill body,

. prevent surface water and/or groundwater from entering into the landfilled
waste,

. collect contaminated water and leachate. If an assessment based on
consideration of the location of the landfill and the waste to be accepted shows
that the landfill poses no potential hazard to the environment, the competent
authority may decide that this provision does not apply,

. treat contaminated water and leachate collected from the landfill to the
appropriate standard required for their discharge.’

The Defra guidance on these requirements specifies that the Environment Agency
can decide that the collection of contaminated water and leachate is not required if it
considers that the landfill poses no potential hazard to the environment, as
determined by an environmental risk assessment produced by the operator.

Protection of soil and water

The requirements for the protection of soil and water (paragraph 3 of Annex | to the
Landfill Directive) are as follows:

‘3.1 ... Protection of soil, groundwater and surface water is to be achieved by
the combination of a geological barrier and a bottom liner during the
operational/active phase and by the combination of a geological barrier
and a top liner during the passive phase/post closure.’

The requirements are proportionate to the hazard posed by the waste in the landfill.

The Defra guidance states that the geological barrier must provide sufficient
attenuation to prevent a potential risk to soil and groundwater, and that the adequacy
of the geological barrier should be demonstrated through an environmental risk
assessment. Where an operator considers that the necessary conditions are already
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in place to protect soil and water and that the addition of a barrier or liner is not
needed for environmental protection, this has to be demonstrated to the Environment
Agency, through an environmental risk assessment, for a decision to be made that
the barrier or liner is not required.

2.4.3 Drinking Water Standards

In England, acceptable levels for drinking water supply are listed in the Water Supply
(Water Quality) Regulations 2000 [32]. The regulations set the limits for
concentrations and values of substances in water used for domestic purposes, which
would otherwise constitute a potential danger to human health. These limits are
summarised in Table 2.2. The EQS(F) and EQS(S) presented in Table 2.1 and the
DWS presented in Table 2.2 are used in the derivation of LLWR-specific assessment
standards in Subsection 3.1.
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Table 2.2  Prescribed maximum concentrations of contaminants ( g I-1) at
consumers’ taps in the Water Supply (Water Quality) Regulations

2000 [32]
Contaminant Concentration Contaminant Concentration
1, 2 dichloroethane 3 Iron 200
Acrylamide 0.1 Lead® 10-25
Aluminium 200 Manganese 50
Ammonium 500 Mercury 1

(as NH4+)

Antimony 5 Nickel 20
Arsenic 10 Nitrate (as NOs) 50,000
Benzene 1 Nitrite (as NO,) 500

Benzo(a)pyrene 0.01 Polycyclic Aromatic 0.1
Hydrocarbons® (PAHs)
Boron 1,000 Selenium 10

Bromate 10 Sodium 200,000

Cadmium 5 Sulphate 250,000
Chloride 250,000 Tetrachloroethene 10

Chromium 50 Tetrachloromethane 3
Copper 2,000 Trichloroethene 10
Cyanide 50 Trihalomethanes® 100

Epichlorohydrin 0.1 Vinyl chloride 0.5
Fluoride 1,500

(a) The maximum concentration for lead is 10 g/l, on and after 25th December 2013, and 25 g/l from
25th December 2003 until immediately before 25th December 2013.

(b) The specified compounds are: benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, and
indeno(1,2,3-cd)pyrene. The maximum concentration applies to the sum of the concentrations of the
individual compounds detected and quantified in the monitoring process.

(c) The specified compounds are chloroform, bromoform, dibromochloromethane and
bromodichloromethane. The maximum concentration applies to the sum of the concentrations of the
individual compounds detected and quantified in the monitoring process.
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2.5 Non-radiological Inventory of the LLW Disposals at
LLWR

The non-radiological inventory of the LLWR is provided in the Inventory report and is
summarised below [4]. In determining the non-radiological contaminants to be
assessed, guidance from Defra and the Environment Agency on meeting the
requirements of EPR10 for landfills (e.g. [42,43]) has been reviewed to ensure that
our assessment [21] is as consistent as is feasible. This guidance sets out
expectations of a facility that will be used to dispose of conventional wastes.

2.5.1 Approach

A major consideration in the Non-radiological Assessment is the choice of non-
radiological contaminants that are to be assessed. The assessment includes past
and future disposals up to Vault 14. The inventories for a number of non-radiological
contaminants can be determined from the materials inventory for the LLWR.
However, leachate monitoring studies indicate that other contaminants may be
present, even though they are not declared in the materials inventory. To address
this, the full suite of detected contaminants has been assessed, with the materials
inventories used for those contaminants that are specified in the materials inventory,
and unit masses for the remaining contaminants, to facilitate the derivation of non-
radiological waste acceptance criteria (WAC) if these are required. The use of unit
masses will provide results that can form the basis for material capacity calculations,
which in turn can be used in WAC studies.

For an existing landfill, the Environment Agency landfill guidance [43] notes that
leachate quality data may already be available, and this is the case for the trenches.
Therefore, the trenches could be considered analogous to an existing landfill and the
vaults analogous to a new landfill. For the trenches, leachate data are available, and
these data are used in two ways in this study:

. To determine the list of contaminants to be considered.

. In some calculation cases, to determine calibrated models of leachate
concentration in the near field.

The following hazardous substances have been detected in leachate measurements
at the LLWR, and as such may require consideration in the Non-radiological
Assessment. It should be noted, however, that some of these substances have only
been detected sporadically and at low concentrations.

. Vinyl chloride (taken as representative of a range of organohalogen
compounds);

. Tributyl phosphate (TBP);
. Mercury;

. Arsenic;

. Cadmium;

. Phenaol;
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. Cyanide (included in former List I, but not included on the JAGDAG list).

Asbestos waste is hazardous waste if it contains more than 0.1% asbestos. Asbestos
is a carcinogen when fibres are airborne and inhaled.

Non-hazardous pollutants are either defined as such in the draft list of substances
published by JAGDAG [37] or are not included in the current JAGDAG list.

Schedule 22 of EPR10 [31] specifically includes arsenic and its compounds and
metals, which may include lead. As the JAGDAG list does not include these potential
contaminants, their status may need to be reviewed once the JAGDAG list is
updated.

The following non-hazardous pollutants have been detected in leachate
measurements at the LLWR, and as such require consideration in the non-
radiological assessment:

Zinc* Copper*
Lead Cobalt
Nickel Chromium
Selenium Antimony
Molybdenum Titanium
Tin Barium
Beryllium Boron
Uranium Vanadium
Nitrite Tellurium
Phosphate Fluoride
Ammonium

* Indicates potential contaminants that are listed as non-hazardous substances by

JAGDAG [37].

Substances that have a deleterious effect on the taste and/or odour of groundwater
are not considered explicitly. There are a number of substances that could have
these effects on groundwater if present at high enough concentrations. However,
these substances will be measured against other criteria to determine levels of
safety, and it is considered that these will provide a more restrictive test than the
tests for taste and odour.

2.5.2 Declared Contaminants

To calculate the masses of non-radiological contaminants present in the inventory,
the breakdown of waste materials into their constituent products has been assumed
using the following relationships [4]:

. Boral: 90% aluminium, 10% boron
. Brass: 63% copper, 37% zinc
. Bronze: 90% copper, 10% tin
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. Condensation polymers: taken to degrade to 100% benzene
. Dural: 94% aluminium, 1.5% magnesium, 4.5% copper

. Halogenated plastics and rubbers: taken to degrade to vinyl chloride

. Inconel: 100% nickel

. lon exchange resins: taken to degrade to 100% phenol

. Magnox: 100% magnesium

. Monel?: 67% copper, 33% nickel

. Nimonic: 80% nickel, 20% chromium

. Non-halogenated rubber: taken to degrade to 100% benzene

. Stainless steel: 75% iron, 15% chromium, 10% nickel
. Stellite®: 60% cobalt, 40% chromium

. Thermoplastics: taken to degrade to 100% benzene

Boral is a composite neutron absorber.
Monel is a trademarked series of nickel alloys.
Stellite is a trademarked range of cobalt-chromium alloys

The contaminants to be considered as part of the declared inventory are
therefore [4]:

Aluminium Molybdenum
Boron Nickel
Chromium Tin

Cobalt Uranium
Copper Zinc

Iron Benzene
Lead Vinyl chloride
Magnesium Phenol

2.5.3 Unknown Inventory

The composition of certain components of the materials inventory is listed as
‘unknown’; however, the total masses of these inventory components are known.
Rather than simply ignore the unknown components, it is assumed that the total
inventory of non-radiological contaminants (i.e. the sum of the known and unknown
components) is composed of the same materials as the known inventory, and
materials are assumed to be present in the unknown inventory in the same relative
proportions as they are in the known inventory. The masses of the unknown
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components of the inventory are partitioned between the different known
components, in the correct proportions.

2.5.4 Missing Contaminants

For the remaining contaminants, all that is known is that they are present — at some
levels — in the trenches and vaults. The contaminants for which this applies are:

Mercury Cadmium
TBP Cyanide
Selenium Arsenic
Antimony Titanium
Barium Beryllium
Vanadium Tellurium
Phosphate Fluoride
Ammonium Nitrite

The approach taken has been to estimate leachate concentrations for unit disposals
of these contaminants. This does not provide an estimate of their impact, but
provides data that could be used to calculate waste acceptance criteria, if considered
appropriate.
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3 Environmental Criteria

In order to determine the acceptability or otherwise of the concentrations of non-
radioactive contaminants that may be released from the LLWR in environmental
media, maximum acceptable concentrations are required for the contaminants and
the environmental media of interest. Measured and calculated concentrations can
then be compared with these concentration measures. For the non-radiological
assessment, three types of concentration measures are defined, namely:

. LLWR assessment standards for contaminants in water (Subsection 3.1);
. concentration measures for beach exposure (Subsection 3.2);

. concentration measures for contaminants in soils (Subsection 3.3).

3.1 Assessment Standards for Leachate, Groundwater,
Surface and Coastal Waters

In order to establish and monitor the environmental impact of the LLWR on
groundwater and surface waters, LLWR Assessment Standards (LLWRAS) were
specified for potential contaminants using the following sources of data [23]:

. Statutory (Compilation of Environment Agency Requirements (CEAR))
discharge limits, where specified.

. If not specified in the CEAR, effluent from the LLWR is discharged to sea and
therefore the LLWRAS for leachate are derived from the Environmental Quality
Standard (EQS) for saltwater [EQS(S)], where available, or the UK Drinking
Water Standards (DWS) where no value is available (see Table 3.1).

. The groundwater underlying the LLWR is in an aquifer and may therefore be
extracted for various purposes. As such, the applicable LLWRAS for
groundwater is either the DWS or the EQS for freshwater [EQS(F)], whichever
limit is the lower (see Table 3.1). As there is flow between ground and surface
waters, the same standards can also be considered to apply to surface waters.

. If no screening values are available for a potential contaminant from the
sources listed above, values are taken from the US Environmental Protection
Agency (US EPA) National Primary Drinking Water Regulations [44] or the
World Health Organisation (WHO) Guidelines for Drinking Water Quality [45].

The selected LLWR Assessment Standards for leachate, groundwater and surface
water are shown in Table 3.1; assessment results are compared with these values to
indicate whether they are significant. It is noted that these standards do not take any
account of background concentrations of contaminants and therefore caution should
be exercised in comparing monitoring data with them.
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Table 3.1 LLWR Assessment Standards for Leachate, Groundwater and Surface Water, with the limit of detection (LoD) of
analytical techniques for measurement of potential contaminants, where available. From Table 4.1 in reference [23] and

Table 6.1 in reference [21].

LLWRAS
Determinand Units | EQS(F)[38] | EQS(S)[38] | DWS[32] | Other | LoD Leachate | Groundwater Surface
Water
Aluminium mg I 200 200 200 200
Ammoniacal nitrogen mg I 15 21 500 21 15 15
Antimony mg I 5 5 5 5
Arsenic mg I 50 25 10 1 25 10 10
Barium mg I 1 1 1 1
Beryllium mg I 4° 4 4 4
Boron mg I 2 7 1 7 1 1
Cadmium mgl* | 0.08-0.25 0.2 5 1 0.2 0.08 0.08
Chloride mg I 250 250 0.05 250 250 250
Chromium mg I 3.4-4.7 0.6 50 5 0.6 3.4 3.4
Cobalt mg I None
Copper mg I'* 1-28 5 2000 2 5 1 1
Cyanide mg I 50 50 50 50 50
Fluoride mg I* | 1000-5000 1500 1500 1000 1000
Iron mg I'* 1000 1000 200 1000 200 200
Lead mg I 7.2 7.2 10 1 7.2 7.2 7.2
Magnesium mg I None
Mercury mg I 0.05 0.05 1 1 0.05 0.05 0.05
Molybdenum mg It 70° 2 70 70 70
Nickel mg I'* 20 20 20 2 20 20 20
Nitrate mg I 50 50 50 50 50
Nitrite mg I 100 100 100 100
Phenol (Total) mg I 7.7 7.7 1 7.7 7.7 7.7
Phosphate mg I 5000"
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LLWRAS
Determinand Units | EQS(F)[38] | EQS(S)[38] | DWS[32] | Other | LoD Leachate | Groundwater Surface
Water

pH Unit 5-9 0.1 5-9 5-9 5-9
Selenium mg I 10 1 10 10 10
Sulphate mg I 400 250 250 5 250 250 250
TBP mg I'* None
Tin mg I'* 25 10 10 25 25
Titanium mg I None
TOC (filtered) mg I'* 50° 50 50 50
Uranium ug/l 15° 15
Vanadium mg I 20-60 100 100 20 20
Vinyl Chloride ug/l 0.5 0.5
Zinc mg I 8-125 40 5000 5 40 8 8

a US EPA National Primary Drinking Water Regulations [44].

b WHO Guidelines for Drinking-Water Quality [45].
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3.2 Concentration Measures for Beach Exposure to
Contaminants

Soil guideline values, which are derived under assumptions about the habits and
behaviour of those exposed to contamination from residential or industrial activities,
are not appropriate for the assessment of exposures to contamination on a

beach [21]. As there are no directly applicable concentration measures for exposure
following coastal erosion of contaminants onto a beach, concentration measures for
solid beach material have been derived from the allowable daily intake of the
contaminants of interest.

For consistency of approach, the assumptions about the habits and behaviours of the
potentially exposed groups considered in the coastal erosion assessment [46] were
adopted to allow the mass of solid ingested per year to be calculated. The
concentration measure is calculated by working backwards from the acceptable
annual intake of contaminants, derived from the drinking water standards described
above on the basis of a water consumption rate of 0.6 m® y™, consistent with that
assumed in the ‘Radiological Assessment’ report [12].

The assumptions that were used to obtain the concentration measures given in
Table 3.2 are detailed in Subsection 6.3 of reference [21].

These values are used for comparison with the results of screening calculations for
coastal erosion in Subsection 6.4. Chloride, nitrate, sulphate and total organic
carbon (TOC) are not included in this assessment because they are present as
solutes and the assessment is concerned with solid phase contaminants. It is noted
that high concentrations of chloride would be expected in the coastal environment.
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Table 3.2 Concentration measures for exposure following coastal erosion of
contaminants onto a beach. From Table 6.2 in reference [21]

Contaminant Co_r;centre_ltion Measure _
(mg kg™ of solid beach material)
Aluminium 2.6 10°
Ammonium 2.710°
Antimony 6.4 10°
Arsenic 1.310°
Barium 1.310°
Benzene 1.3 10°
Beryllium 5.1 10°
Boron 1.310°
Cadmium 1.0 10
Chromium 4.3 10°
Cobalt None
Copper 1.3 10°
Cyanide 6.4 10°
Fluoride 1.310°
Iron 2.6 10°
Lead 9.2 10
Magnesium None
Mercury 6.4 10°
Molybdenum 8.9 10°
Nickel 2.6 10°
Nitrite 1.310"
Phenol 9.8 10°
Phosphate 6.4 10°
Selenium 1.310°
TBP None
Tellurium None
Tin 3.210°
Titanium None
Uranium 1.9 10°
Vanadium 2.6 10°
Vinyl Chloride 6.4 10"
Zinc 1.0 10°
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3.3 Soil Concentration Measures

The 2002 Soil Threshold Concentrations (STCs) defined using the Defra and
Environment Agency Contaminated Land Exposure Assessment (CLEA) model for
the assessment of risks to human health from non-radiological soil contamination and
soil have been withdrawn [47]. The Environment Agency is currently in the process
of updating the recommended soil guideline values, and updated values are not
available for all contaminants included in the non-radiological assessment. Pending
the availability of recommended or more up-to-date values, we have used the 2002
values, which were also used in our 2008 assessment [19], conducted in response to
Requirement 13 of Schedule 9. These values are reproduced in Table 3.3 and are
used for comparison with the results of screening calculations for human intrusion in
Subsection 6.6. For the human intrusion scoping calculations, we consider only the
contaminants in the declared inventory (Subsection 2.5.2) that will not have degraded
by the time at which an intrusion can occur.

It should be noted that the soil concentration measures adopted in the 2008
assessment [19] take account of crop cultivation and subsequent contaminant
intakes from consumption of crops, but not the rearing of animals and consumption of
animal produce. Therefore, the latter pathway was not considered in the scoping
calculations reported here.
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Table 3.3 Concentration measures for soil contamination following a
human intrusion event. From Table 33 in reference [19], generic
Soil Threshold Concentrations (STCs) listed were derived from
the 2002 Environment Agency Contaminated Land Exposure
Assessment (CLEA) UK model [47].

Human Intrusion (residential
Contaminant with plgrlitEL'JA\pbaII((eS?c(::enarlo)
(mg kg™)
Aluminium 66 900
Asbestos® 0.1%
Boron 27
Chromium” 130
Cobalt 140
Copper 107
Iron 15 600
Lead 450
Magnesium 16 300
Molybdenum 2.7
Nickel” 50
Thallium 0.61
Tin 6420
Uranium 0.00819
Zinc 336

& This value corresponds with the acceptable value for asbestos within a hazardous
waste landfill (in 2008). No guidance existed for an acceptable amount of

asbestos in soils for standard land uses.

® These values correspond with those contained in the appropriate Soil Guideline
Value published by Defra and the Environment Agency in 2002.
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4 Disposal System

Features of the disposal system at the LLWR that act to reduce the potential for
releases of non-radiological contaminants from the disposed wastes include the
wasteform, the engineered and geological barriers, and the leachate management
system. As described in Subsection 2.3, the LLWR has been developed in stages,
with waste disposed of first in the trenches and subsequently in Vault 8. Vault 9 has
now been constructed and future vaults are planned. The ‘Site History and
Description’ report [3] provides an overview of the previous and existing features of
the LLWR and the reports on ‘Engineering Design’ [5] and the ‘Optimisation and
Development Plan’ [10] describe the engineering design of existing and planned
facilities and measures that have been taken or are being considered to optimise the
management, design and operation of the LLWR. In this section, we summarise
aspects of the design and management of the disposal system that demonstrate that
‘adequate protection against non-radiological hazards’ is ‘maintained when
optimising for radiological risks’ (paragraph 6.4.4 of reference [18]).

The management of past disposals to the trenches at the LLWR is discussed in
Subsection 4.1, and the management of existing and planned waste disposals to the
vaults is discussed in Subsection 4.2. Subsection 4.3 describes leachate
management, and Subsection 4.4 examines aspects of the closure engineering that
may contribute to limiting the potential impact of hon-radiological contaminants from
the LLWR.

4.1 Management of Past Disposals to the Trenches

As described in Subsection 2.3.1, Trenches 1 to 7 at the LLWR were filled by tumble-
tipping drummed, bagged and loose wastes into excavated trenches with a basal
layer of boulder clay. The boulder clay on the site was expected to provide a low
hydraulic conductivity base to limit the vertical migration of leachate from the
trenches. Leachate was collected and subject to controlled discharge (originally to
the Drigg Stream, but since 1991 via the Marine Pipeline). The management of
leachate is discussed in Subsection 4.3.

The loose tipping of waste was a widespread and internationally accepted practice
when the trenches were first commissioned. Disposals were completed to Trench 7
in 1995. The ‘Optimisation and Development Plan’ report [10] states that ‘It could be
argued that the original approach of loose tipping and leachate collection (see below)
placed the emphasis of safety arguments on controlled gradual release and dilution,
rather than extended long-term containment. As such, siting considerations did not
differ significantly from those associated with general practice in relation to the
controlled landfill of waste.’

Post-emplacement engineering has also been undertaken to mitigate the impacts of
trench disposals. A COW was installed from the north-west corner of Trench 3 (the
western-most trench) to the southern end of Trench 7 (the eastern-most trench)
between late 1989 and 1995 [10]. An interim cap, extending over the top of the
COW, was completed over Trenches 1 to 6 in 1989 and was subsequently extended
to cover Trench 7 following the completion of trench disposal operations in 1995, as
described in Subsection 2.3.1 [10]. These passive engineered measures act to
reduce both the radiological and non-radiological impacts of the inventory disposed in
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the trenches by limiting release of both gaseous and aqueous contaminants into the
environment.

Our strategy for future management of hazards associated with historic disposals to
the trenches [10] is to ‘take no remedial actions in relation to past disposals (other
than continuing leachate management and closure engineering) and operate the site
as planned to capacity, subject to the definition and implementation of relevant
Waste Acceptance Criteria [15]. Further discussion is included in Subsection 3.5 of
the ‘Optimisation and Development Plan’ report [10], which concluded that this option
represents the effective default action, is consistent with declared national strategy,
and has been adopted for the basis of the forward management plan and the current
Environmental Safety Case [10].

4.2 Management of Disposals to the Vaults

Vault 8 is an engineered concrete vault that provides enhanced containment of the
disposed waste compared to the trenches. The concrete base and walls provide a
physical barrier to the movement of groundwater and leachate. Vault 8 has surface
water drains to collect rainwater from the surface of the base slab, while an under-
slab drainage blanket and perimeter drains collect groundwater from beneath and
around the vault. As for the trenches, boulder clay beneath the vault base provides a
barrier to downward migration of leachate, augmented where necessary by a mixture
of bentonite and soil.

Vault 9 was constructed in the period 2008 to 2010 according to best practice,
including a double-liner system for the vault base and walls [5]. The design of the
future vaults will be similar to that for Vault 9, with lower walls of nominal height
1m[5].

4.2.1 Wasteform and Waste Acceptance Criteria

The waste in the vaults has been compacted, where possible, and grouted into ISO
steel containers. This is intended to limit the void space within the waste to less than
10% and acts to reduce the flow of water through the wastes. Conditioning and
packaging of the wastes has reduced the potential for interaction between the wastes
and waters passing through the facility. The grouted wasteform also increases the
pH in the vaults, which reduces solubility (see Subsection 6.2.1).

Alternative treatment methods are currently being developed as a component of the
wider waste management service we provide to consignors. Of particular relevance
to non-radiological contaminants is incineration. For example, incineration of the
organic components of wastes would lead to a reduction in methanogenesis and gas
generation.

Waste acceptance criteria are used to ensure that disposals to the facility respect
limits on hazardous material inventories, as well as engineering and waste
performance requirements. We are currently liaising with the NDA Radioactive
Waste Management Directorate (RWMD) to encourage inclusion of more detailed
information about the non-radiological component of the inventory in the UK
Radioactive Waste Inventory (UK RWI). Calculations with unit masses of the missing
contaminants have been conducted to facilitate the derivation of non-radiological
WAC.
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In our judgment, there are a number of areas where disposals of chemotoxic
substances should be limited. Further details and justification are provided in the
‘Waste Acceptance’ report [15]. For specific contaminants identified:

e as hazardous under the Hazardous Waste regime,
e as hazardous pollutants in relation to the Environmental Permitting regime,

e as non hazardous pollutants, but present in a soluble form,

we propose to undertake assessments to determine if substances can be disposed to
the facility. Without such an assessment, such substances would not be disposed.

In addition, and pending discussion of these issues with the Environment Agency, we
propose to retain existing controls on lead.

There is a potential for asbestos to become exposed on the beach as a result of
coastal erosion. Given the hazard associated with the potential exposure of
asbestos on the beach, we consider it prudent to ensure that disposed asbestos is
conditioned or treated in such a way that it presents an acceptable hazard when
present on the beach. This is a more restrictive approach than required by the
current WAC. This is discussed further in Subsection 7.4.6.

4.3 Leachate Management

Leachate management is part of the overall management of the disposal facility and,
together with other active controls, is an integral component of overall optimisation to
ensure that radiological risks are as low as reasonably achievable (ALARA); these
controls also minimise the non-radiological impacts of the LLWR.

4.3.1 Operational Period

Progressive capping of the LLWR is the baseline assumption for the ESC. This will
improve existing barriers to water infiltration within the trenches and reduce leachate
volumes. In addition to the interim cap, the partial COW provides a downstream
function to limit near-surface uncontrolled discharges from the trenches. During
active control over the site, the intention is to ensure that leachate can be effectively
collected and its release managed for as long as this is required. A concrete layer,
underpinned by a single bentonite enriched soil (BES) composite liner (broadly
consistent with the Vault 8 design) is sufficient to support operational leachate
management for as long as active controls are required.

4.3.2 Post-closure Period of Active Institutional Control

One of the objectives of active institutional control over the site is to build confidence
through monitoring that the facility and system are behaving as expected. The
baseline assumption for the ESC is that leachate will continue to be actively
managed while waste emplacement continues and for a period after final capping of
the facility has been completed. Within the vaults, this is achieved by pumping
leachate from sumps installed in the vault bases. Gravity drains leading to the
southern perimeter of the facility provide for leachate collection from the trenches.
The leachate is routed to MHTSs for monitoring prior to consented discharge via the
Marine Pipeline to the marine diffuser and into the Irish Sea. After final capping, the
maintenance of pumps used to extract leachate collected within the vault sumps will
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be undertaken with the support of engineered man-access penetrations on the
western perimeter of the cap. Leachate management will continue until the end of
the POA.

Continued active leachate management and monitoring is assumed, consistent with
established practice for landfill operations. However, based on current
understanding of cap performance and estimated likely rates of leachate generation,
it is expected that the vaults and trenches will be effectively de-saturated within two
decades after the completion of final waste emplacement, with very low ongoing
rates of leachate generation. It is anticipated that monitoring will continue throughout
the POA.

4.3.3 Period Following the Withdrawal of the Environmental Permit

Although the cap design is intended to minimise infiltration as far as is reasonably
practicable, water cannot be excluded completely and the rate of infiltration is
expected to increase over the long term as cap performance degrades [10]. After the
period of active control, under passive conditions and with no collection of leachate
from the vault sumps, saturation over the depth of the waste column is precluded by
ensuring that leachate retained by the base overflows the 1 m containment walls on
the east and west sides to a drainage layer beneath the vault base. The internal
north and south walls of the vaults are set slightly higher than the east and west walls
to give preferential drainage pathways to the sides, but with ultimate hydraulic
continuity (to provide contingency in the event that free drainage does not occur)
along Vaults 9 to 14. Vault 8 would be connected into the Vault 9 to 14 system on
cessation of pumped disposal.

4.4 Closure Engineering

The engineering design options that have been identified take into account the types
of passive control that are relevant to the main threats to isolation and containment of
the wastes in the post-closure period, associated with [10]:

. natural disruption of the facility — in particular as a result of coastal erosion
and/or inundation;

. disruption of the facility by future human actions — in particular those actions
that have the potential to cause disturbance of the wastes, as well as direct or
indirect exposures to contaminants within the wastes;

. release of contaminated gases;

. generation and release of contaminated leachate by water entering the facility
and contacting the wastes.

The engineering options have been examined in terms of the safety functions
associated with the different passive controls in relation to the above threats. A set of
design features has subsequently been identified that provide passive safety [10]:

. Future vault walls and bases will contribute to the control of leachate that may
be produced within the facility. We have considered the implications of
alternative strategies for leachate control beneath the cap under both normal
(as built) and degraded cap performance conditions.
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. Each of the vaults will be connected with an extensive sub-basal drainage layer
that will interface with the underlying geology over a wide area. This will
maximise drainage, supporting the maintenance of low saturation conditions
within the disposed wastes, and will promote ready dispersal by avoiding
unnecessary concentration of leachate.

. The COW is a low-permeability wall that will surround the LLWR site including
all of the vaults and trenches. It will extend from below the trenches and vaults
up to the cap, which it will adjoin. The COW will maximise the extent of the
unsaturated zone in the underlying geology and will minimise flows through the
trench wastes. It will also provide reassurance against the possibility of near-
surface release close to the facility in the event of degraded cap performance.

. The cap is an engineered barrier to infiltration that will cover the region within
the COW. It will act as a barrier to the inflow of water to the trenches and
vaults, minimising infiltration to the extent that it is less than the drainage
capacity of the underlying geology, thereby creating unsaturated zones
beneath the vaults and trenches, for as long as reasonably practicable. The
cap will also minimise the likelihood of disturbance by future human actions
and bio-intrusion, and will contain a passive gas venting arrangement during
the period of authorisation to facilitate monitoring of landfill gas during post-
operational control of the site.

4.5 Key Aspects of Design

As set out in our ‘Optimisation and Development Plan’ report [10], we have optimised
the design to provide good performance in relation to the release of radionuclides to
the environment. Our approach is to try to keep the wastes unsaturated, which will
mitigate against the eventual possibility of localised discharge of contamination to the
surface environment around the LLWR. This approach is equally effective in limiting
the release of chemotoxic contaminants.

During the PoA, releases from the vaults will be insignificant. Inflow of water to the
repository will be very low. Any leachate collecting at the bottom of the vaults will be
managed and discharged via the Marine Pipeline. Collection of leachate will be
effective because the ISO containers will remain substantially intact during the period
of interest.

Releases from the trenches will be more significant. For the radionuclide inventory,

we have considered the merits of remediating the trenches (e.g. by partial retrieval of
the wastes) and have concluded that this would not be appropriate. We consider that
the same arguments apply in relation to the chemotoxic components of the inventory.

After the end of the PoA, we recognise that low releases from the trenches will
continue and releases from the vaults will become more significant. Performance
during this period might be compared with that of a landfill long after the end of any
management control. In broad terms, it is expected that the LLWR would perform at
least as well or better than a landfill, since it has been engineered to avoid
'bathtubbing'.

Our design for the vaults is more effective in limiting releases of non-radioactive
contaminants than would be the case for a landfill in the following respects:
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. the waste in the vaults is contained in ISO containers, which will provide
substantial containment during the PoA,

. given the persistence of the ISO containers, pumping of leachate will be highly
effective in limiting releases to groundwater during the PoA;

. the low sidewalls in the future vaults will make local discharge to the surface
environment much less likely than would be the case with a landfill;

. wastes in the vaults are grouted to reduce voidage, promoting the stability of
the cap;

. the period of active institutional control will be substantial, far longer than is
planned for any landfill, allowing monitoring of the evolution of the engineered
features.

These observations are part of our argument that the level of protection provided by
the LLWR is no less stringent than would be provided under the regulations
pertaining to hazardous wastes.
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5 Monitoring

We conduct environmental monitoring to meet the following key objectives identified
in our high-level monitoring strategy [48]:

. to demonstrate compliance with stated regulatory requirements during the
period when an environmental Permit and Nuclear Site Licence are held;

. to confirm and strengthen our understanding of the disposal system behaviour
and the arguments developed in the safety case;

. to reassure stakeholders that the disposal system is safe and is being
managed appropriately.

This section discusses the non-radiological monitoring data for the LLWR and
compares these data with applicable standards and other relevant data to identify
any non-radiological hazards that may affect people and the environment. The past,
current and planned monitoring programme for potential non-radiological
contaminants in the environment on and around the LLWR site is detailed in the
‘Monitoring’ report [9] and two reviews of monitoring data were conducted in

2010 [22,23]. We commissioned an independent review of non-radiological
monitoring data, focusing on data collected since 2008 and deriving a range of
baseline values for the non-radiological quality of water entering the site as rainwater,
surface water or groundwater [22]. We reviewed the leachate, groundwater and
surface water monitoring programme in 2010 [23], comparing the monitoring results
with newly derived LLWR Assessment Standards (LLWRAS), but not taking into
account baseline concentrations of non-radiological contaminants. Therefore, these
studies are complementary and are discussed together.

The available (historic and recent) monitoring data are described in Subsection 5.1
and compared with appropriate LLWRAS and baseline values in Subsection 5.2.

The implications of the monitoring results are discussed in Subsection 5.3, and future
monitoring programmes are described in Subsection 5.4.

5.1 Monitoring Data and Baselines

Due to differing historical requirements, there are no data available for the period
before disposal operations began at the site in 1959; a substantial quantity of
monitoring data has been collected since operations began. An account of previous
uses of the site is given in the ‘Site History and Description’ report [3]. Prior to 2008,
environmental monitoring was undertaken on a project basis, with each project
targeting specific issues or statutory requirements and only limited integration or
coordination [49]:

. compliance with statutory (CEAR) requirements;

. support to continued operations and establishment of a baseline and
monitoring for changes resulting from construction of Vault 9;

. performance monitoring of the trench cap;

. performance monitoring of the COW;
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. establishment of baseline conditions for the future vaults;
. contaminated land assessment.

In 2008, a single integrated environmental monitoring programme was established,
with the following objectives [9]:

. to confirm that the repository system is not giving rise to unacceptable
environmental impacts by direct measurement of those impacts, that is,
confirming compliance with the relevant environmental standards;

. to develop or build confidence in the models of the repository system by
collecting data that may be used to refine conceptual models or in the
parameterisation, calibration or validation of site models;

. to provide reassurance to stakeholders that the system is safe and is evolving
in a manner consistent with the models and assumptions in the ESC;

. to define baseline conditions before specific engineering developments or
activities such as the construction of a new repository component (e.g. a vault)
or the disposal of wastes at a particular location.

5.1.1 Identification of Contaminants of Interest

Prior to 2008, potential contaminants of interest were defined by the specific projects
conducting the monitoring [23]. This has resulted in interrupted time-series for many
analytes that have more recently been included in the monitoring programme. In
2008, contaminants of interest were established for the integrated environmental
monitoring programme, based on the contaminants that had previously been
detected [23] and a review of contaminants that may be present in the non-
radiological inventory [50].

Available data for the selected analytes were compared against the criteria
established in Subsection 3.1 and against the baselines for rainwater, surface water
and groundwater, which were developed as described in the following subsection.

5.1.2 Development of Baselines for Rain Water, Surface Water and
Groundwater

A review of the non-radiological data was carried out in which water quality baselines
for rainwater, surface water and groundwater entering the LLWR site were
established and compared with the compositions within and down-gradient of the
site [22]. The baselines, which represent the quality of water entering the site as
rainwater, surface water and groundwater, were derived using available historical
data in addition to more recent measurements [22]:

. Rainwater: The baseline is defined from a limited number of samples of
rainwater, including one taken at the site in November 2009 and data collated
by BNFL in 2002. Analysis of samples from Devoke Water, 10 km from the
site, show a different composition (higher in sulphate and nitrate and lower in
chloride, sodium and potassium); the differences reflect the LLWR'’s closer
proximity to the coast.

LLWR/ESC/R(11)10029 Page 46 of 114



The 2011 ESC Assessment of Non-radiological Impacts

. Surface water: The baseline is defined from a limited number of samples of
surface water collected from the East-West Stream at the upper sampling point
and data collated by BNFL in 2002. This water is generally of good quality,
although manganese, nitrite and sulphide are present in excess of water quality
standards. The Environment Agency analyses water samples from the River Irt
upstream of the site (data from 2006 and 2009). As the river catchment
includes the Lake District, it was not considered by [22] to represent a suitable
baseline for comparison with locally derived surface water leaving the LLWR.

. Local groundwater: Samples from boreholes that lie beyond the site boundary
and outside the mapped extent of the tritium plume are used to define two local
groundwater baselines. The Upper Groundwater flows within glacio-fluvial
outwash sands and on and within clayey till (together, these are described as
drift deposits) and is present above about 6 m AOD. The Regional
Groundwater flows within the sandstone bedrock and deeper drift deposits, and
is subdivided into Medium Depth and Deep Groundwater for monitoring
purposes [23]. Compared to the latter, the Upper Groundwater has:

o higher concentrations of barium, calcium, magnesium and nickel;

o lower concentrations of arsenic, chloride, iron, nitrate, sodium and
sulphate.

. Regional groundwater: Environment Agency borehole data for the sandstone
aquifer show that the concentrations of ammonium, iron, manganese and lead
are above the LLWRAS. Compared with the local sandstone baseline, the
regional baseline has:

o higher concentrations of aluminium, copper and nitrate;

o lower concentrations of arsenic, barium, chromium, manganese and
nickel.

The surface water baseline is derived from a small number of samples, which are
insufficient to cover the full range of temporal variations that may be observed [22].
There is limited information available to distinguish differences in baseline quality due
to depth and geology; however, there are significant differences between the regional
and local upper and lower groundwater baselines, as shown in Table 5.1.

LLWR/ESC/R(11)10029 Page 47 of 114



The 2011 ESC Assessment of Non-radiological Impacts

Table 5.1  Rainwater, surface water and groundwater baselines for the LLWR,
compiled from Tables 3.7, 3.9, 3.10, 3.11 and 3.12 in reference [22].
Substances that are not considered for a particular baseline are
indicated using a dash

Environment
Agency —
Local groundwater Regional
Local Local Baseline
Substance -oca Surface Groundwater
Rainwater
Water Sandstone
Upper and Deeper
Groundwater Superficial Sandstone
Deposits
ug I ug I ug I ug I ug I
Alkalinity as - 40000 210000 210000 91000
CaCOs
Aluminium - 85 38 84 1100
Ammonium as
NH, - 540 - - 640
Antimony - 0.5 - - -
Arsenic - <LOD 10 34 1.3
Barium - 70 390 270 90
Boron 140 25 100 130 140
Bromide - - <LOD <LOD 130
Calcium 2000 30000 63000 54000 40000
Cadmium - <LOD <LOD <LOD 0.4
Chloride 20000 50000 20000 59000 22000
Chromium 3 <LOD 5 6.5 1.8
Cobalt - 1.5 - - <LOD
Copper 12 7 5 13.5 290
Dissolved i i ) ) 14000
oxygen
Fluoride - 125 <LOD 715 84
Humic - 15000 - - -
substances
Iron - - 50 1890 690
Lead - 1 <LOD <LOD 10
Magnesium 2000 11000 18000 12000 2900
Manganese - 150 520 500 200
Mercury - <LOD 1 2 <LOD
Nickel 8 5 530 343 8
Nitrate as NO3 | Not present 22000 1000 3800 25000
Nitrite - 250 <LOD <LOD 47
Phenol - 1 - - 0.2
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Environment
Agency —
Local groundwater Regional
Drigg Surface Baseline
Substance | Rainwater Water Groundwater
Baseline | Baseline Sandstone
Upper and Deeper
Groundwater Superficial Sandstone
Deposits
Phosphate as : 100 <LOD <LOD 500
PO,
Potassium No data 6000 - - 3900
Sodium 14000 56000 17000 47000 -
Strontium - 100 - - 42
S“'pggze as 2800 40000 36000 55000 15000
Sulphide - - 34500 - -
Total Organic 7000 13000 4000 96500 -
Carbon
Vanadium - <LOD <LOD <LOD 2
Zinc 40 10 100 140 140
Zirconium - 250 - - -

5.1.3 Monitoring Programmes

Our current monitoring programme for non-radiological contaminants is summarised
in Table 5.2. Detailed information on the monitoring programme is given in the
Monitoring report, including the locations of monitoring sites and the rationale for
selecting these locations [9]. Uranium is included in the monitoring programme
through radiological analysis (gamma analysis of surface water, groundwater and
leachate), as described in reference [23].
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Table 5.2 Summary of monitoring programme for non-radiological
contaminants from October 2010, from reference [9]
Monitoring Frequency
Three year
Quarterly | Annual | Three year cycle cycle — Characterisation
water
chemistry
Metals (Ba, Be, Cd, Cr, Conductivity, pH,
Cu, Hg, Ni, Pb, Zn) temperature,
Surface dissolved oxygen
Water, Cl NO, | Non-metals (As, B, Se), (DO), biological
Rain water total phenols, total oxygen demand
cyanide, NO3, SOy, total (BOD), total
Metals (Ba, Be, Cd, Cr,
Cu, Hg, Ni, Pb, Zn) Ca, Mg, Na, N
Ground- K, HCOg, Conductivity, pH,
water Cl NO, Non-metals (As, B, Se), | ammoniacal | temperature, DO,
total phenols, total nitrogen redox potential
cyanide, NO3, SOy, total | (N), Fe, Mn
hydrocarbons® and TOC
Metals (Ba, Be, Cd, Cr, -
Cu, Hg, Ni, Pb, Zn) Conductivity, pH,
AQUEOUS temperature, DO,
(leachate) 2 totf_;ll phe_nols, total demand (COD),
cyanide, nitrate (NO), total suspended
sulphate (SO,), total solids
hydrocarbons® and TOC
H H2| CH4|
Landfill gas CO,, O,
Metals (Ba, Be, Cd, Cr,
Cu, Hg, Ni, Pb, Zn)
. Non-metals (As, B, Se),
Sediment Cl NO; total phenols, total
cyanide, nitrate (NOs),
sulphate (SO,), total
hydrocarbons® and TOC
Metals (Ba, Be, Cd, Cr,
Cu, Hg, Mo, Ni, Pb, Sn,
V, Zn)
Soil (ad Non-metals (As, B, Cl,
hoc) Se), NOs, NO,, SO,, total pH

phenals, total cyanide,
total hydrocarbons®,
TOC, explosive residues
and asbestos

(a) In the event that elevated levels of hydrocarbons are detected, more detailed analyses should be
undertaken.
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5.2 Review of Monitoring Results

A review of non-radiological data for surface water, groundwater and leachate has
recently been undertaken, based primarily on data collected in the last two years.
Summarised results are presented and compared against the LLWRAS and the
relevant baselines for leachate (Subsection 5.2.1), surface water (Subsection 5.2.2)
and groundwater (Subsection 5.2.3).

5.2.1 Leachate

Shallow groundwater flows into the trenches, resulting in leachate with a composition
that is similar to groundwater in terms of the substances present and their typical
concentrations [23]. Monitoring of leachate provides an efficient means of assessing
the impact of the wastes on the surrounding environment and allows the evolution of
the wasteform to be monitored. The non-radiological analysis data for leachate
reviewed in reference [23] are summarised in Table 5.3. Only those analytes for
which more than one result is available are presented, and those that exceed the
LLWRAS are shaded. In addition, analysis of a MHT sample in March 2010 resulted
in exceedance of the LLWRASSs for ammoniacal nitrogen, chromium, copper,
molybdenum and tin (Table 5.4). The levels of ammoniacal nitrogen, chromium and
copper are significantly lower than the respective DWSs.
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Table 5.3 Summary data for leachate from March 2008 to February 2010 [23]
(LLWRAS = LLWR Assessment Standard, as given in Table 3.1).
Highlighted rows contain values that exceed the screening value
for that analyte

Average | Maximum
Analyte LLV\/_EQAS No. of No. at | No. > Value Value

(Mg 1) Samples | LoD LLWRAS

(Mg 1) | (Mg 1™
Arsenic 25 20 6 0 3.55 7
Barium 1000 20 0 0 185 610
Beryllium 4 20 20 20 10 10
Boron 7000 20 3 0 106.5 540
Cadmium 0.2 44 26 23 2.34 10
Chromium 0.6 44 1 40 2.11 11
Copper 5 44 4 28 42.01 184
Cyanide 50 20 20 0 50 50
Iron 1000 23 0 12 1806.09 6380
Lead 7.2 44 16 1 2.74 18
Mercury 0.05 20 15 20 1.00 1
Nickel 20 44 0 7 25.12 340
Nitrate 50000 44 5 0 7254.77 28200
Nitrite 100 44 9 11 333.75 7100
pH 27 0 0 8.17 8.49
Phenol 7.7 20 13 0 0.32 1
Selenium 10 20 17 0 4.35 8
Sulphate 250000 20 0 0 21785 69000
Tin 10 20 20 0 10 10
o g 50 20 0 20 7050 17000
Vanadium 100 20 18 0 10.5 20
Zinc 40 43 0 9 28.27 120
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Table 5.4  Results for a single MHT leachate sample (showing only those
analytes present at concentrations above the LoD, in g I™).
Highlighted rows contain values that exceed the screening value
for that analyte

Analyte Result LLWRAS
Ammoniacal nitrogen 60 21
Antimony 2 5
Arsenic 3 25
Barium 97 2000
Boron 60 7000
Chromium 6 0.6
Copper 38 5
Fluoride 330 1500
Molybdenum 130 70
Nickel 6 20
Nitrate 13000 50000
Tin 15 10
Titanium 40 N/A
Vanadium 8 100
Zinc 17 40

There is some variation in the occurrence of the highest values within the trenches
but there does not appear to be a consistent spatial distribution at a particular
location [22].

Inorganic substances

Although maximum values for all of the analytes shaded in Table 5.3 above exceed
the LLWRAS, the LoD of the analytical measurement techniques for beryllium,
cadmium, chromium and mercury are above the LLWRAS for those analytes [23].
Changes in LoD over the period of monitoring also affect whether exceedances are
noted. For cadmium, the exceedances relate to a series of data from late 2009
which are reported at/below a LoD value of 10 g I whilst the current LoDis 1 g I™.
Changes in the LoD of chromium and cadmium over time have resulted in different
numbers of samples exceeding the LoD and the LLWRAS in Tables 5.3, 5.5, 5.6 and
5.7 for these contaminants. Only copper, iron, nickel, nitrite and TOC have average
values that exceed the LLWRAS, and the substances present at concentrations
generally in excess of 100 g I may indicate that they are contaminants leaching
from wastes within the trenches and vaults [22]. Barium, boron, nickel, nitrite and
TOC are generally higher in trench leachate; sulphate and zinc are higher in vault
leachate. However, with the exception of barium (which has a lower concentration
than the LLWRAS), these values do not represent significant exceedances of the
groundwater and surface water baselines, suggesting that it is more likely that these
substances are present as a result of natural processes. This conclusion is
reinforced by the lack of any spatial association of groundwater contaminant
concentrations with the LLWR [22].
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Organic substances

Only phenol has been measured with values above LoD in leachate since 2008.
Historically, a greater range of non-radiological contaminants has been identified in
leachate, including phenol, polychlorinated biphenyls (PCBs), vinyl chloride, cis 1,2 —
dichloroethene, chloroethane, 1,1,1 — trichloroethane and chlorotoluene. With the
exception of PCBs, there were no exceedances of water quality standards in the
leachate, suggesting that the trenches and vaults are not a source of significant
organic contamination.

5.2.2 Surface Water

The non-radiological analysis data for surface water reviewed in reference [23] are
summarised in Table 5.5. Only those analytes for which more than one result is
available are presented, and those that exceed the LLWRAS are shaded.

Many of the higher maximum concentrations were recorded at two of the surface
water monitoring locations (SW12 and OF2), indicating that water quality at these
locations was worse than elsewhere. One of these drains an area of the site formerly
used for the ROF [22].

Due to the limited availability of data prior to 2008 and the inherent variability of
surface water over time, the current analysis of surface water quality should be
regarded as indicative [22].

Inorganic substances

The concentrations of the majority of non-radiological analytes are low in comparison
to the LLWRAS [23]. Iron has not been analysed in surface water since 2005, but
historical data show elevated iron concentrations that may relate to natural
background levels. For nickel, there is a single exceedance since 2008 at an off-site
location; nitrite also shows elevated levels at the point where the E-W stream enters
the site, suggesting that the elevated concentrations are due to an off-site

source [23]. Cadmium is also detected at elevated levels in the River Irt, up-gradient
of the site.

The surface water is calcium-bicarbonate-sodium-chloride type with moderate
concentrations of major ions (less than 100 mg I of individual substances).
Comparison against surface water baseline concentrations shows frequent
exceedances of the baseline for arsenic, barium, chromium, copper, nickel, nitrite,
potassium and strontium. These exceedances suggest either that these metals
derive from LLWR, or that surface water quality within and downstream of the site
differs from surface water entering the site as a result of elevated suspended solid
concentrations, variations in pH, or variations in local geology (and therefore
hydrochemistry) [22].
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Table 5.5 Summary data for surface waters from April 2008 to March 2010
[23]. The number of results at or below the limit of detection (LoD)
is also given. Highlighted rows contain values that exceed the
screening value for that analyte

aatye | towRas | woor [ o > [ AjEiege [N
(g ) | Samples | | op (g | gl
Arsenic 10 61 32 0 4.67 10
Barium 1000 61 9 0 49 184
Beryllium 4 61 56 45 7.41 10
Boron 1000 61 3 0 29.81 170
Cadmium 0.08 61 54 48 2.55 10
Chloride 250000 1 0 0 23000 23000
Chromium 3.4 61 22 34 3.72 14
Copper 1 40 0 39 37.87 840
Cyanide 50 38 24 1 45.89 54
Fluoride 1000 5 2 0 64.00 90
Lead 7.2 61 36 4 4.51 89
Mercury 0.05 61 56 46 0.75 2
Nickel 20 61 21 1 7.81 21
Nitrate 50000 63 18 0 5709.81 22500
Nitrite 100 61 38 12 196.85 4900.00
pH 9 72 0 0 6.96 8.61
Phenol 7.7 51 40 0 0.75 5
Selenium 10 61 48 0 5.20 10
Sulphate 250000 42 0 0 16659.76 65000
Tin 25 61 51 0 6.84 10
E‘;tr"é'oarga”'c 50 61 0 61 17404.26 | 180000
Total 16 16 50 50
petroleum
hydrocarbons
Vanadium 20 61 47 0 8.31 10
Zinc 8 61 6 61 56.81 640

Organic substances

TOC levels are also elevated in surface waters; this is attributed to the peaty nature
of the soils in the vicinity of the sampling locations. The following organic
compounds have been identified above detection limit in surface waters:

. hydrocarbons;

. trinitrotoluene (TNT);

. dinitrotoluene;
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. 2-methyl-3,5-dinitrophenol;
. 3,5-dinitro-p-toluidine;
. phenol.

The presence of TNT, dinitrotoluene and 3,5-dinitro-p-toluidine are likely to be linked
to contamination from the former Royal Ordnance Factory (ROF)?, rather than
activities at the LLWR. The presence of phenol in upstream surface waters suggests
that it occurs naturally at low concentrations (approximately 1 g I™).

Spatial analysis of the results shows no apparent pattern to the distribution of organic
compounds in surface water, with the exception of two sampling sites in an area of
the site formerly used by the ROF, but distant from the trenches.

5.2.3 Groundwater

The non-radiological analysis data for the 'Upper' and 'Medium' Groundwater
reviewed in reference [23] are summarised in Tables 5.6 and 5.7. Our 2010
review [23] also includes tables for ‘Intermediate’ Groundwater (boreholes with
screens in both the Upper and Regional groundwater) and ‘Deepest’ Groundwater
(boreholes screened in the sandstone aquifer), which are not reproduced here?.
Only those analytes for which more than one result is available are presented, and
those that exceed the LLWRAS are shaded.

The spatial distribution of groundwater data does not show any clear patterns in the
distribution of organic or inorganic substances. There is no spatial relationship
between exceedances of the baseline and the location of the LLWR, with the
possible exception of nickel, which shows a number of elevated concentrations
around the northwestern boundary of the site (Figure 4.5 of reference [22]).

Inorganic Substances

In groundwater, the main exceedances of the LLWRAS arise for ammonium, arsenic,
chromium, copper, iron, lead manganese, nickel, nitrate, nitrite, sulphide and zinc.
Beryllium and mercury are discounted because the LoD for these analytes is higher
than the compliance level [23]. The maximum value for chromium is also above the
LLWRAS, although concentrations are significantly lower than the DWS and the LoD
is5 gl compared tothe LLWRAS of 3.4 g I™.

Compared to the Environment Agency groundwater baseline, arsenic, barium,
calcium, chloride, chromium fluoride, copper, magnesium, strontium and sulphate are
generally present at higher concentrations in the samples analysed from the site [22].
Levels of copper, lead, sulphate and zinc are found at higher levels in the
groundwater than in the leachate [23]. The differences in water quality between the
up-stream sandstone aquifer and the deposits beneath the site are explained in the
‘Hydrogeology’ report [7] and are considered to relate to the coastal location.

A large number of exceedances of the local sandstone baseline were also observed,
suggesting that this is not representative of the groundwater within drift deposits, but
is only applicable to groundwater within the sandstone aquifer.

The site was previously an ROF, which was involved in the manufacture of TNT.
The 'Upper’, 'Medium', 'Intermediate’ and 'Deepest’ descriptors used here for
groundwater differ from those adopted in the Hydrogeological Conceptual Model.
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Table 5.6 Summary data for Upper Groundwater from March 2008 to
February 2010 [23]. Highlighted rows contain values that exceed
the screening value for that analyte

analyte | LLWRAS | No.of | T8 No.>  AURE9E MUCTIT
(g Samples LLWRAS 1 1
LoD (gl) (gl)
Arsenic 10 103 60 11 7.78 56.41
Barium 1000 104 6 0 123.04 590
Beryllium 4 104 104 101 9.73 10
Boron 1000 104 6 0 45.11 450
Cadmium 0.08 104 101 98 2.93 10
Chromium 3.4 104 56 58 3.91 11.3
Copper 1 56 5 47 15.57 150
Cyanide 50 56 56 0 50 50.00
Fluoride 1000 79 44 0 171.34 1240
Lead 7.2 103 93 1 3.64 18
Mercury 0.05 104 97 1 0.95 2
Nickel 20 104 48 4 9.89 61
Nitrate 50000 104 66 0 1853.8 26300
Nitrite 100 104 102 2 103.85 1200
Phenol 7.7 103 90 0 0.39 3.20
Selenium 10 101 100 0 6.56 10.00
Sulphate 250000 56 0 0 15766.07 50000
Tin 25 104 104 0 8.83 10
Total Organic Carbon 50 104 1 104 10758.65 48000
E}‘/’g’:}(’)ggmﬁgm 28 27 63.57 380
Vanadium 20 104 101 0 9.8 14.1
Zinc 8 104 31 74 43.66 520
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Table 5.7 Summary data for Medium Groundwater from March 2008 to

February 2010 [23]. Highlighted rows contain values that exceed the

screening value for that analyte

pnalyie | LLWRAS | No.of | N N> | AUSERE  MGETET
(g Samples LoD LLWRAS (gl (gl
Arsenic 10 184 73 44 9.65 40.00
Barium 1000 182 1 0 253.15 790.00
Beryllium 4 183 183 176 9.65 10.00
Boron 1000 183 4 0 56.47 610.00
Cadmium 0.08 182 173 178 2.93 10.00
Chromium 3.4 183 106 95 3.44 13.00
Copper 1 104 9 87 68.40 1100.00
Cyanide 50 105 105 0 49.53 50.00
Fluoride 1000 145 69 0 181.29 750.00
Lead 7.2 176 155 8 4.47 93.00
Mercury 0.05 182 161 178 1.01 2.00
Nickel 20 183 73 22 12.44 93.00
Nitrate 50000 184 125 0 1505.83 15000.00
Nitrite 100 178 166 18 117.41 980.00
Phenol 7.7 178 155 1 0.51 8.10
Selenium 10 169 160 0 6.82 10.00
Sulphate 250000 105 0 0 34972.38 | 240000.00
Tin 25 183 181 0 9.11 10.00
Total Organic Carbon 50 183 2 183 9661.75 70000.00
Total petroleum 48 a7 51.04 100.00
hydrocarbons
Vanadium 20 182 182 0 9.70 10.00
Zinc 8 183 63 119 96.65 2000.00
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The groundwater results are complex to interpret, in particular because there are
limited data that do not provide a clear indication of how groundwater quality has
changed since disposals began (time series data for selected contaminants are
presented in Appendix A of reference [22]). Since many substances (including
aluminium, cadmium, chromium, selenium, sodium, magnesium, mercury, tin and
zinc) are present in leachate at lower maximum concentrations than in groundwater,
leachate is unlikely to be the source of these exceedances of the baseline. It is most
likely that these substances are present in groundwater as a result of natural
processes, with the exception of nitrate (also nitrite and ammonium), which are likely
to be present as a result of the use of artificial fertilisers in the area up-gradient of the
site [22].

Therefore, although low levels of inorganic contaminants are present in groundwater,
we do not consider these to result from operations at the LLWR [23].

Organic substances

TOC levels in groundwaters routinely exceed the LLWRAS. Specific organic
compounds belonging to the following principal groups have also been detected in
groundwater, generally at or close to the LoD:

. Hydrocarbons (as total petroleum hydrocarbons (TPH), carbon bands, toluene
and polynuclear aromatic hydrocarbons (PAHS);

. Phenols;

. Chlorinated solvents (e.g. dichloromethane, 1,1,1-trichloroethane and vinyl
chloride);

. Explosive residues (as dinitrotoluene and o-toluidine);
. PCBs.

There does not seem to be an obvious correlation between the occurrence of organic
compounds and groundwater from particular depths, with only eight measurements
being recorded above LLWRAS, and there is a lack of repeat results for most organic
contaminants in boreholes, suggesting that contamination is limited in extent, with the
exception of phenol, toluene and hydrocarbons. Phenol can be found naturally as a
result of the degradation of organic material and is also present in upstream surface
water and groundwater; its widespread occurrence suggests that it results from
natural processes.

Potential sources of organic contamination of waters are the ROF, the trenches,
vaults and other activities at the site (e.g. temporary and permanent fuel stores).
There does not, however, appear to be a spatial link between the organic compounds
found in groundwater and surface water and the identified sources (as shown in
Figures 4.6 and 4.7 of reference [22]). Toluene shows a similarly diffuse distribution
to phenol and may have a similar origin, but was also used as a raw material at the
ROF and is a degradation product of dinitrotoluene, so may be linked to the former
use of the site.
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5.3 Implications of Monitoring Results

The review summarised in Subsection 5.2 shows that groundwater contamination is
not observed to be localised around the LLWR and, therefore, there is no evidence
that activities at the LLWR have resulted in significant non-radiological contamination
of groundwater beneath the site or of surface water passing through the site.

Direct monitoring of the coastal waters or sediments has not been performed,;
concentrations of non-radiological contaminants in these environmental media would
be expected to be lower than concentrations in the discharged leachate or in
groundwaters downstream of the site. The concentrations of non-radiological
contaminants in leachate have been compared to EQS(S) values, which represent
annual average maximum admissible concentrations in saltwater. It is likely that
most of the contaminants present in leachate at higher concentrations than the
EQS(S) values are of natural origin [22].

The evidence for this statement is derived from examination of the spatial distribution
of contaminants in groundwater, in particular for those analytes that are present at
elevated levels in the leachate [23]. Detailed discussion of these data is included in
an independent review of non-radiological monitoring data [22]. Concentrations of
copper, lead, sulphate and zinc are all higher in groundwater than in leachate. For all
other analytes, the groundwater concentrations are either comparable to the leachate
or to the surface water, and occur both up-gradient and down-gradient of the site.
Therefore, the levels of any contaminants leaving the LLWR at present are
sufficiently low that their impact is indiscernible from background concentrations. If
significant contamination were occurring, it may be expected that levels down-
gradient of the site would be higher than those up-gradient.

There is currently insufficient data to be able to assess the levels of chloride in
groundwater and leachate, and the LoD of the measurement method for some
analytes is higher than the LLWRAS [23].

5.4 Future Monitoring Programme

To provide continued confidence that appropriate standards for protection of people
and the environment are being met, monitoring will continue throughout the
operational period and the period of active institutional control, following closure of
the LLWR. Since most of the contaminants observed in groundwater are considered
to arise from natural sources or agricultural practices, the focus of our monitoring
programme is now on three yearly monitoring to detect any future increase in
contaminant concentrations. As such, the monitoring for non-radiological
contaminants in groundwater is focused on a set of boreholes close to the vaults and
trenches. This approach is considered proportionate, since there is no evidence of
significant contamination of the leachate from chemotoxic substances arising from
the LLWR. The current monitoring programme is presented in Table 5.2 and is
described in detail in the ‘Monitoring’ report [9]. We have also undertaken a more
comprehensive analysis of leachate from the MHT to identify any contaminants that
might require additional monitoring. We are considering whether to extend this
analysis to less diluted leachate, for example, from the end of the trench monitoring
locations (see reference [9]).
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Landfill gas will also continue to be monitored during the operational period, and
following closure via the gas vent in the final cap. Chemotoxic or flammable gases
are not expected to give rise to any significant hazard.

Schedule 1 of our Permit [27] specifies the need for annual review of the statutory
monitoring programme. We also produce a more general review of the monitoring
programme and report this to the Environment Agency [51]. This annual review of
monitoring results will enable us to adapt the monitoring programme as required in
the future, because monitoring needs will change during the operational period, after
closure and over the period of active institutional control. The issues that will need to
be considered when adjusting the monitoring programme appropriately over the
lifecycle of the facility include [9]:

. ensuring that sufficient reassurance monitoring is undertaken to maintain
confidence among local stakeholders;

. reviewing the requirements for long-term experiments that, for example, might
be used to validate models of contaminant transport or the chemical evolution
of the near field;

. providing for sufficient monitoring of the near field environment in order to take
decisions about leachate management or to understand the performance and
state of the repository cap;

. continuing to monitor coastal evolution as an input to a better understanding of
the timescales of erosion and or flooding.

Subsection 3.6 of the ‘Monitoring’ report [9] describes how the integrated monitoring
programme will be managed in future to ensure that monitoring results are regularly
reviewed and actions taken as necessary to ensure that appropriate standards
continue to be met. A series of control levels have been defined that will flag data for
investigation and, if necessary, any action. We consider that the arrangements
described above will ensure that appropriate environmental monitoring programmes
for non-radioactive contaminants are implemented during the period leading to the
withdrawal of the environmental Permit. This should provide reassurance to
stakeholders that appropriate standards for protection of people and the environment
are being met throughout the Period of Authorisation.
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Figure 5.1 Non-radiological groundwater sampling locations, for the current
year (2011)
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6 Assessment

This section summarises the approach taken to the assessment of non-radiological
hazards arising from the disposal of non-radiological materials at the LLWR
(Subsection 6.1), the conceptual models for the groundwater, gas, coastal erosion
and human intrusion pathways (Subsection 6.2), and the results of the assessment
for each of these pathways (Subsections 6.3 to 6.6). The quantitative assessment
has focused on the groundwater and coastal erosion release pathways, with the gas
and human intrusion pathways addressed using simpler scoping calculations.

6.1 LLWR Approach to the Non-radiological Assessment

6.1.1 Approach to the Assessment Calculations

Two possible approaches have been appraised for assessment of non-radiological
hazards at the LLWR, namely [52]:

. the ‘landfill’ approach;
. the ‘repository’ approach.

In the ‘landfill’ approach, which is the standard approach for environmental risk
assessment of a landfill, an assessment would usually be conducted using the
LandSim software and would use the observed concentrations of contaminants in
leachate to simulate the rate of loss of the contaminants from the landfill and predict
the future concentrations of hazardous and non-hazardous substances. Defra
guidance relating to groundwater [36] implies that contamination of groundwater with
hazardous substances should be ‘prevented’ and non-hazardous substances should
be present at concentrations below the relevant standards, such as environmental
quality standards for freshwater or seawater.

The LandSim approach could apply to the trenches but would not be appropriate for
the vaults at the LLWR because there is no leachate monitoring data available for the
vaults (since waste is containerised in intact ISO containers and does not come into
contact with the leachate) and, because the LLWR is the only near-surface repository
of its kind in the UK, appropriate analogue data are not available. LandSim also
does not have the capability to monitor a number of processes of interest, including
the kinetic release of contaminants from the wastes, and the overtopping of the
vaults, with subsequent release to streams or other surface water bodies.

Another key difference between the two approaches is the duration of the
assessment: the landfill approach would normally only assess the impacts during the
operational period, whereas the timescales for the repository approach would be over
the same timescales as the radiological assessment, which encompasses the phase
of active institutional control after closure and several thousand years following the
withdrawal of the environmental Permit. Therefore, only the repository approach
would be suitable for assessment of the potential impacts on the environment of
degrading barriers during the period following the withdrawal of the environmental
Permit.
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There are advantages and disadvantages to both approaches, as discussed in
reference [52], and both approaches would focus on the groundwater pathway, as for
assessment of landfills. However, the ‘repository’ approach has been adopted
because non-radiological contaminants are subject to the same release and transport
processes as the radiological components of the waste, and a consistent approach
for the radiological [12,53] and non-radiological assessments was considered to be
appropriate [52].

On the basis of the arguments outlined above, the following approach was adopted
for the assessment of non-radiological hazards at the LLWR:

. calculate the release of contaminants from the facility using an approach
similar to that for radioactive contaminants;

. calculate concentrations relating to the discharge of contaminants to
groundwater under the site and at the site boundary as appropriate (as would
be required for a conventional landfill assessment), and the same
concentrations at locations that would be relevant to exposure of the Potentially
Exposed Groups (PEGSs) considered for radioactive contaminants;

. compare these concentrations against appropriate criteria: during the
operational period, the focus is on the concentrations of hazardous substances
and non-hazardous pollutants (formerly the List | and List Il substances — see
Subsection 3.1) at the relevant compliance points, using, as performance
measures, the criteria relevant to a landfill assessment; during the post-closure
period, the focus is on the calculation of concentrations in environmental media
relevant to the exposure of individual members of PEGs.

During the period leading to surrender of the environmental Permit, additional
information is available from our environmental monitoring programme (Section 5).
Assessment of the potential impact of non-radiological hazards at the LLWR during

the operational period needs to consider the results of the assessment calculations
and the monitoring data.

6.1.2 Timing of Assessment Scenarios

The non-radiological assessment timescales for the following scenarios are based on
a number of assumptions, which are detailed below:

. expected natural evolution scenario, which includes coastal erosion of the
LLWR starting from around 3180;

. delayed coastal erosion scenario, with erosion starting from around 7000;

. human intrusion at 2180.

LLWR/ESC/R(11)10029 Page 64 of 114



The 2011 ESC Assessment of Non-radiological Impacts

Figure 6.1 Timeline for activities at the LLWR duri  ng the operational period
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