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Executive Summary

Purpose of this document

Low Level Waste Repository Ltd (LLWR Ltd) IS
Level Waste (LLW) Strategy on behalf of the Nuclear Decommissioning Authority (the

NDA). This is achieved via delivering the LLW National Waste Programme (the National
Programme) , through <coll aboration with all/l C
Programme therefore provides a strategic framework and associated guidance and

direction to LLW management programmes for UK waste producers.

An important component of the National Programme is the identification of optimised
national strategies for the management of key LLW categories. These strategies are
informed by Best Available Technique (BAT) studies for specific waste types. This
document reports the process and outcomes for a BAT study informing strategy for the
UKb&6 s or g-evel radiodctivevwastes (LLW; including very low-level wastes or
VLLW).

The category of organic LLW is here assumed to consist of waste streams which mainly
comprise organic solid wastes. The wastes of
and arise from day-to-day operations; such as paper, plastics and general process
equipment. Wood and other putrescibles are also considered to fall within this category.

In addition, organic LLW liquid wastes (e.qg. oils, sludges etc) are also within scope.

Overview

The aim of this National BAT study istoidentfya generi ¢ nati onal
to underpin strategy for the future management ofthe UK6s or gani ¢ LLW.

It is not the purpose of this study to define the management option for these wastes at
each site. Each site holds specific legal and regulatory responsibility for doing so.
Instead, the National BAT study will identify preferred strategy options, justification and
rationale that will provide a framework for site-specific studies.

The study will support the development of a consistent and optimised approach to the
management of these wastes throughout the UK. It will also help identify opportunities

for integration across the NDAO&6s portfolio i1
potential enabling strategies that could be of assistance in implementing and executing

the BAT outcomes.

Process

The approach followed for this BAT study was designed to follow good practice as
defined in relevant guidance documents. The main elements of BAT processes are
identified as follows.

| Scoping.

1 Options development and initial assessment.

1 Main assessment and workshop.

1

Integration.
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The primary aim of Scoping in the BAT assessment process is for the project team and
key stakeholders to develop a common level of understanding regarding the objectives
and framing of the study, and the process for options generation and comparison. A
scoping document was developed by the project team, and used as a basis for
stakeholder engagement to test and update the process.

The Options development and initial assessment stage considered a detailed range
of alternative treatment st r at egy opti oincsg oansia, 6dereer co
projected inventory for future arisings of organic LLW across the UK rather than on a
site- or waste-stream specific basis. A detailed long-list of technology options for each
stage of the waste management process was identified, and following appropriate
screening, combined ¢é6éstrategy optionso6é6 were ¢

The Main assessment and workshop phase involved the compilation of an information
pack for the short-listed treatment strategy options, based on a technical appraisal and
systematic evaluation against identified assessment attributes. This assessment was
initially undertaken by experts within the project team, and then subject to detailed
review through a stakeholder workshop. The stakeholder workshop also explored views
on the relative importance of key assessment criteria relevant to differentiating strategy
options (i.e. c The outomiesaof thenwoptions rasseéssngerit vere then
summarised and documented, and provided to the stakeholders for comment, prior to
production of this final version of the report.

The development of strategy options looked to consider each of the main stages of any
post-generation LLW treatment strategy, including: enabling technologies (such as
sorting and segregation, characterisation, oil filtering etc); main treatment options
(thermal treatments, supercompaction, chemical treatments, encapsulation, no treatment
etc); and disposal options. Issues such as the location of treatment were also
considered, although given the generic nature of the study, this was restricted to
comparison of UK and non-UK options.

The assessment phase utilised a systematic multi-criteria decision-analysis (MCDA)
approach. Consistent with the generic nature of the study, a qualitative, evidence-based
options assessment approach was followed. The criteria list utilised was consistent with
best-practice (grouped under Safety and Security; Environmental Impact; Technical
Feasibility; Community Impacts; and Financial Cost headings). Detailed criteria were
identified under each category so as to explore the range of issues of relevance in
identifying differentiators between strategy options.

Integration is beyond the scope of this report. It reflects the process of turning the
technical 6 g e mesrfronttbis dBcAnient into & UK-wide strategy. This will
be undertaken by LLWR supported by a range of stakeholders including waste owners
informed by this report. To maximise the value of the generic BAT study to the
integration and final strategy development process, the process was designed to obtain
and collate relevant documentation e.g. reflecting what barriers individual sites may face
to implementing the generic BAT outcomes for their specific wastes.

Outcomes

A schematic showing the overall BAT process outcomes is provided in Figure E1. This
summarises the generic BAT outcomes for treatment of organic LLW and VLLW wastes
within the UK. It highlights different routes from waste generation to disposal, covering
the key elements of the waste management strategy.

Doc No: 60X50008_Organic_LLW_National_BAT_Report_Final_Issue_12022014(AP).doc
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For each waste type, the &édmost preferredd m
those wastes is central to the generic BAT outcomes. In particular for wastes which are

suitable for volume reduction by thermal processes, incineration, ideally through
co-incineration, provides the basis of the generic BAT outcome.

The schematic also recognises that individual waste-stream or site-specific factors might
mean that subsequent BAT studies identify an option other than the generic BAT option
as being preferred for specific sites or wastes. A hierarchy of options is therefore
presented in the schematic.

Key details of the generic BAT outcomes for each key element of the management
strategies identified are summarised in Table E1. This includes highlighting the rationale
for the hierarchy of main treatment options and indicating considerations when
identifying site- and waste- specific BAT options from the hierarchy. The outcomes and
rationale are based upon the more detailed statement of assessment outcomes
presented in the main body of this document.

Next Steps

The BAT outcomes identified in this document, together with the associated rationale
and identified wider considerations for integration into formal strategy, will be taken
forward into a development process to be co-ordinated by LLWR Ltd. It is this process
that is intended to lead to development of a formal National Strategy.

Doc No: 60X50008_Organic_LLW_National_BAT_Report_Final_Issue_12022014(AP).doc
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Figure E1: BAT Outcomes Summary Schematic
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Table E1: Generic BAT Outcomes for Each Waste Management Strategy Element

Element Generic BAT Outcomes

Enabling Enabling technologies are a key feature of any organic LLW or VLLW
Technologies | waste management strategy. Examples include sorting, segregation,
characterisation and low-force compaction, shredding and size
reduction approaches. Optimisation of these elements of a
management strategy is required to enable the efficient use of
treatment technologies to achieve waste diversion, volume reduction or
passivation. However, the choice of enabling approaches will depend
on the specific nature of a waste stream and site arrangements.
Therefore, no further guidance can be provided at the level of a national

generic BAT.
Main The outcomes of the assessment of main treatment technology options
Treatment reflect a general preference for incineration at the generic level, with
Options thermal treatment by co-incineration offering more advantages than

batch incineration. This is followed by supercompaction as the next
option in the hierarchy.

Other approaches including encapsulation of oils, chemical oxidation
and stabilisation treatments and other thermal options may provide
volume reduction or passivation options for some wastes that are
otherwise difficult to treat. Such approaches may be particularly
applicable to orphans that would otherwise not be disposable.

Disposal with no treatment (where acceptable given Waste Acceptance
Criteria (WAC)) was identified as the option of lowest preference,
unless a strong waste-stream specific BAT argument for
disproportionality of costs can be made (e.g. for specific VLLW/low
activity LLW (LALLW) wastes).

While a preference for incineration is the baseline assumption for
incinerable wastes, a waste-stream specific study might identify a
different option in the hierarchy outlined above as being BAT. This
could reflect, for example; difficulties implementing necessary enabling
technologies; difficulty in meeting treatment facility WAC; facility
availability or capacity constraints, or another factor (see the main body
of the document for more details).

Location of Treatment within the UK is preferred in principle, consistent with
Treatment considerations such as the Proximity Principle. However it is recognised
that BAT cases can be made for treatment overseas in a range of
circumstances e.g. limited treatment capacity in the UK. The choice of
treatment facility within the UK is a site-specific consideration.

Location of Disposal within the UK is assumed, consistent with LLW strategy and
Disposals policy. The choice of disposal facility within the UK is a site-specific
matter, although options are limited for LLW above LALLW and
comprise only LLWR, or the Dounreay LLW facilities for DSRL and
Vulcan wastes. Disposals of wastes beneath the LALLW limit will make
use of VLLW/LALLW and exempt/out-of-scope facilities as far as
practicable (i.e. wherever WAC allow). Aqueous and gaseous effluents
will be managed consistent with the Permits of relevant treatment
facilities.
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Terms and Definitions
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Term ‘ Definition

ALARP As Low As Reasonably Practicable

BAT Best Available Techniques

Defra Department for Environment and Rural Affairs
DSRL Dounreay Site Restoration Limited

EDF Electricité de France

EARWG Environment Agencies Requirements Working Group
EA Environment Agency

H&S Health and Safety

HTI High Temperature Incinerator

HV-VLLW High Volume - Very Low Level radioactive Waste
IWS Integrated Waste Strategy

ILW Intermediate Level Waste

JWMP Joint Waste Management Plan

NWP Low Level Waste National Waste Programme
LA-LLW Lower Activity T Low Level radioactive Waste
LLW Low Level radioactive Waste

LLWR Low Level Waste Repository

MCDA Multi-Criteria Decision Analysis

NDA Nuclear Decommissioning Authority

NISDF Nuclear Industry i Safety Directors Forum
NNL National Nuclear Laboratory

NORM Naturally Occurring Radioactive Materials
NulLeaf Nuclear Legacy Advisory Forum

PCM Plutonium Contaminated Material

PVC Poly Vinyl Chloride

R&D Research and Development

RSRL Research Sites Restoration Limited

SEPA Scottish Environmental Protection Agency
UKRWI UK Radioactive Waste Inventory

VLLW Very Low Level radioactive Waste

WAC Waste Acceptance Criteria

WAMAC Waste Monitoring and Compaction Facility
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Introduction

Low Level Waste Repository Ltd (LLWR Ltd) is responsible for deliveringt h e Udwd s

Level Waste (LLW) Strategy on behalf of the Nuclear Decommissioning Authority (the

NDA). This is achieved via delivering the LLW National Waste Programme (the National
Programme), t hrough coll aboration with al/l of the

The National Programme implements the National LLW Strategy which was approved in
August 2010 by the UK Government and devolved administrations (NDA, 2010). The
National Programme therefore provides a strategic framework and associated guidance
and direction to LLW management programmes for UK waste producers.

An important component of the National Programme is the identification of optimised
national strategies for the management of key LLW categories. This has involved the
use of options assessments that are high-level and strategic in nature because they
apply to a range of waste streams and different sites. Nevertheless, the assessments
need to remain consistent with the application of Best Available Techniques (BAT) and
associated regulatory requirements and best practice guidance.

LLWR maintains the national strategies for metal, VLLW (Very Low Level Waste) and
organic (previ ous| ywadtes onmhbehdlf obNDA. Miresesate rebidwedd )
on a 5 year cycle. For organic wastes the 5 yearly review suggested that a full BAT
study would be required, as described here. Such BAT studies have already been
undertaken for metallic wastes (Stevens, 2011; Rossiter, 2006) and very low level
wastes (VLLW) (Donohew et al., 2009). The present study concerns organic LLW
(defined in more detail in Section 2) and is intended to provide a full stand-alone BAT
assessment, thus updating the outcomes of a previous study (Abbott, 2008).

This document has been developed as a live document that was revised and amended
as the project progresses. This final version represents the main BAT strategy report
and presents the study outcomes and rationale.

A first draft o f this document was provided as inpu
Section 3.2.1) involving stakeholders. That workshop and subsequent engagements

provided fora whereby scoping considerations were presented and subject to additional

input, query and challenge. Feedback from the engagements was used to inform the

BAT process and the outcomes presented in this final version of the document. In

addition, it takes into account stakeholder challenge and feedback on options and their
assessment obtained at the main project workshop (see Sections 3.2.3 and 6).

The report is structured as follows.

1 Section 2: Overview of the objectives and scope of the study.

1 Section 3: The proposed assessment process.

1 Section 4: Presents outcomes from the options screening workshop.

1 Section 5: Presents strategy options for comparison formulated on the basis
of the screening process.

1 Section 6: Records the outcomes of the assessment of strategy options
against relevant criteria.

q Section 7: Presents a statement of the final BAT strategy process outcomes,

and associated key considerations for the next steps of the strategy
formulation process.
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Objectives and Context

2.1 Objectives

The objective of this BAT study is to identify the preferred strategic option or options
for the managemmaniclLLdvf t he UK®s

There are a number of fundamental considerations that apply to the identification,
assessment and implementation of strategic options.

1 The wastes should be treated and disposed in a manner that protects the
health and safety of the workforce and the public.

1 Consistent with regulatory expectations, impacts on the environment should
be minimised, practicability considerations also being taken into account.

| The principles represented in the Waste Management Hierarchy should be
considered throughout.

1 As set out in the National LLW Strategy (NDA, 2010), maximisation of the

capacity of the LLWR (i.e. minimisation of the volume of waste for disposal)
is an important consideration.

For decommissioning wastes, NDA (2010) notes that it is often not possible to avoid
LLW waste generation and where this applies, the focus is on the lower levels of the
waste hierarchy, with re-use, re-cycling and volume reduction important
considerations prior to final disposal.

It is the strategy of the NDA (as detailed in NDA, 2010) and also a requirement of the
regulatory regime (for example, in site Environmental Permits) that a BAT approach
should be used in the management and control of radioactive waste disposal. BAT
provides a method for addressing the considerations presented above as well as
wider factors.

As a strategic BAT study, the aim is to provide an overarching rationale for the
optimised management of relevant wastes i the &trategy baselined This will identify
thepreferred Obaseline opti on 6 redtnect bfroiganice or
LLW, taking into account factors such as;

The overall inventory of organic LLW in the UK and its main features.

The nature and availability of treatment options, and combinations of options
(e.g. enablers such as sorting, segregation and characterisation options, and
the O6maind treatment options) that del

1 Treatment option availability, waste acceptance criteria (WAC), transport etc.

It is not the purpose of this study to define the management option for these wastes at
each site. Each site holds specific legal and regulatory responsibility for doing so.
Instead, the National BAT study will identify preferred strategy options, justification
and rationale that will provide a framework for site-specific studies. The baseline
strategy BAT outcome and associated documentation will facilitate sites in
subsequently selecting options that are consistent in broad terms with the BAT
outcomes, whilst recognising that wider considerations (e.g. nature of wastes,
availability of local treatment option providers) will mean that different sites will
implement different strategies. These issues are already captured in individual site
strategies, and the updated BAT will provide additional support to future site-specific
5
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issues. The current study therefore takes into account the spread of options that are
currently being implemented by different sites, and are likely to be considered in the
future.

The study will support the development of a consistent and optimised approach to the
management of these wastes throughout the UK. It will also help identify opportunities
for integrat i ospodfdio iockiding &nlf gapsNrDs&réice provision or
other potential enabling strategies that could be of assistance in implementing and
executing the BAT outcomes.

2.2 Relationship with Waste Producer Strategies

All existing waste producers have robust LLW management strategies that are
captured, for example, in their Integrated Waste Strategy and Joint Waste
Management Plans (or equivalents). As permit and/or licence holders, individual
waste producers are responsible for demonstrating BAT and implementing the
resulting strategies for their wastes.

The outcome of this strategic BAT study - the strategy baseline - will help identify the
preferable overall approach to managing such wastes and identify in broad terms the
key issues and considerations at a site level, without overlapping inappropriately with
individual waste producer strategic decision-making. It will help provide justification
for site-specific decisions consistent with the strategy, and indicate what will need to
be demonstrated if sites are to adopt different approaches from the main national
outcomes. It will thus provide a framework to help ensure consistency of producer-
specific waste management decisions, and to support LLWR Ltd and NDA in
identifying opportunities for integration and gaps in service provision.

The existing producer-specific studies therefore provide important information
resources and input into the current strategic BAT study. In turn, the outcomes of this
process will provide significant input into future iterations of producer-specific studies,
by providing framing arguments and associated guidance and information.

2.3 Wastes Categorie s

The category of organic LLW is here assumed to consist of waste streams which
mainly comprise organic solid wastes. The wastes of interest are often termed
O6pr oc es sand avisesrone day-to-day operations; such as paper, plastics and
general process equipment. Wood and other putrescibles may also be considered to
fall within this category.

Following the Scoping Workshop (see Section 3.2.1), it was clarified that organic

VLLW and liquid wastes (e.g. oils) are also within the scope of the study. However

wastes that are predominately composed of other materials (metal, soil and rubble,

asbestos, etc) are not within the scope of this study. These wastes are the subject of

separate studies including those noted in Section 0. The exception is where wastes

streams that ar e currently decl armight yieldsa sabstankae d 6 w.
proportion of organic wastes if subject to a campaign of enhanced sorting and
segregation. In such cases however, it is only the potential organic component that is

within scope. The role of sorting and segregation in defining strategy options is

discussed in Section 4.1.

This study concentrated on projections of future arisings from existing waste
producers. However, the sensitivity of the options assessment to changes in
assumptions, in particular considering the potential for wastes from new nuclear

6
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power stations, is considered at a high level. This is intended as a practical approach
given the uncertainty about the nature and rate of arising of new build wastes, and as
waste volumes are likely to be smaller than the main legacy site decommissioning
waste streams (as discussed in, for example Section 4 of LLWR ( 2011)).

2.4 Current Forecasts for Waste Arisings
24.1 Low Level Waste

UK LLW producers provide estimates of future waste arisings in support of the
collation of the UK National Radioactive Waste Inventory (NDA, 2010; NDA and
DECC, 2011). These estimates are subject to the significant uncertainties inherent in
decommissioning historic facilities, but represent the best projections on the basis of
available data and provide useful context to the present study.

Future Orawd untreated LLW arardsriohlglsmilianr e pr
cubic metres (Garrs, 2011). Of these raw arisings, projections indicate organic wastes

may account for around 15% of this volume (LLWR, 2011).! The main single waste

producing organisation is likely to be Sellafield Ltd, with estimated future organic LLW

arisings of around 120,000 cubic metres (Loudon, 2012). Other key producers will

include Magnox Limited, Research Sites Restoration Limited (RSRL), and Dounreay

Site Restoration Limited (DSRL). Other waste producers are likely to contribute

smaller volumes of waste.

If directly disposed without treatment, these estimates would lead to a conditioned
waste volume of the order of 250,000 cubic metres.? This is significant in the context
of disposal facility capacity; for example the projected future capacity of the LLWR to
2080 (Vault 14) is around 860,000 cubic metres (LLWR, 2011).

2.4.2 Very Low Level Waste

Forecast arisings of VLLW based on the 2010 UKRW!I as reported in the 2010 LLW

Strategic Review are 3.3 million cubic metres (Garrs, 2011). The Strategic Review

provides a breakdown of VLLW arisings by material which is summarised in Table 1.

The figures are provided in tonnes rather than volumetrically. The vast majority of the

VLLW arisings are Soil / Rubble at 86% of total VLLW arisings. Organic VLLW

materials, including plastic / rubber, soft organics and wood, total around 141,000

tonnes or 4% of total VLLW. As a rough approximation, 4% of total VLLW arisings

would represent around 132,000 cubic metres (not allowing for differing material
densities). In addition there is 41,000 tonnes of 6 u n k n 0 wn whiahtn®y inclade 6
aproportionofor gani ¢ materi al . A figure of 92,227
reported in the Strategic Review (Garrs, 2011 - Figure 12, p24). The difference

bet ween figures for 6unknowné and 6éotherodé m
the UKRWI reporting procedure.

' LLWR (2011) is based upon the 2007 National Inventory rather than the 2010 or forthcoming

2013 equivalent, but this estimate nevertheless provides an appropriate indicative estimate.

2 LLWR (2011) indicates that the grouting process typically leads to around 40% of final

disposal volumes being comprised of additional grout. A volume increase of a not dissimilar

order is |likely to also apply to DSRL6s disposal
7
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Table 1: Raw VLLW Material Arisings for the UK between 2010 and 2120 (extracted from Garrs,
20117 Table 4, p12)

Material Arisings (tonnes) % of Total
Graphite 1,826 0.1%
Metals 294,025 8.5%
Plastic /Rubber 26,523 0.8%
Soft Organics 66,642 1.9%
Soil /Rubble 2,993,137 86.2%
Wood 48,016 1.4%
Unknown Material 41,086 1.2%
Total 3,471,255

2.5 Existing Organic LLW Management Arrangements
25.1 Overview

The main management options currently pursued by organic LLW producing
organisations include:

1 Supercompaction followed by disposal of compacted pucks;
q Incineration of combustible wastes; and
q Direct disposal without treatment.

Sorting and segregation is an important up-front component of the management
strategies pursued, in particular where supercompaction or incineration are utilised.

A brief description of the existing facilities utilised for organic LLW management is
provided below. Whilst these approaches are currently being actively applied by UK
LLW producers, the current study considered all plausible options afresh to ensure
the process was sufficiently comprehensive and robust to provide confidence in the
BAT outcome. The approach to identifying options is set out in Section 3.

2.5.2  Supercompaction

A high-force supercompactor authorised for radioactive waste treatment is located at
the Waste Monitoring and Compaction (WAMAC) facility at Sellafield. The
supercompaction process typically leads to a final puck volume that is about 30% of
the raw waste volume.

To date, the vast majority of Sellafield Ltdd ® r g ani ¢ KBLWrhasbees tsedted
at WAMAC prior to disposal at LLWR. However, the recent Joint Waste Management
Plan (Loudon and Ruddy, 2013) indicates a strategy to increasingly utilise incineration
for the future treatment of organic LLW, recognising benefits including minimisation of
disposal volume, diversion of volumes from disposal at LLWR, and cost.

Under the pr oviSupercampactabfe WasteWHaaingent Service, all UK
organic waste producers have access to the treatment process provided by WAMAC.

Inutec also offer a supercompaction service via the LLWR framework, through Energy
Solutions. The mobile supercompaction plant is designed to process standard 200

8
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litre waste drums. The routine scope of supply includes drum and supercompacted
puck handling equipment, puck measuring equipment, activity-in-air monitoring
equipment and onward product transport.

253 Incineration

A number of LLW pr oduc e rCembustble ®Waste Sreatmerft L L WF
Service, or make use of their own incinerators. Experience has shown that for
relevant wastes, the volumes of final residues for disposal can be about 2.5% of the
original raw waste volume. Most commercially available incinerators operate on a
continuous basis with co-incineration of LLW (or VLLW) wastes with other (e.g.
hazardous) wastes, with which they are mixed during the treatment process. The
resulting residues are typically out-of-scope/exempt wastes (for LLW or VLLW), and
VLLW or Low Activity i LLW?® (LALLW) (for LLW only), achieving 100% diversion of
LLW from LLWR. Other incinerators (e.g. on-site small-scale incinerators and the
Studsvik plant in Sweden) operate on a batch process with return of LLW (or VLLW,
for treatment of VLLW wastes) residues and filters for disposal.

The LLW incinerators accessible to UK waste producers include the following (Garrs,
2011).

(@ Incinerators on NDA sites:

It should be noted that all the following incinerators will be taken out of use by early
2014 on the basis of the requirements of the EU Waste Incineration Directive
following its transposition into UK Law.

1 Oldbury (oil burner);

q Sizewell A;

i Wylfa;

1 and potentially at Winfrith?,

(b) Incinerators on non -NDA sites:

Hinkley Point B (now mothballed);
Heysham (now mothballed);
Hartlepool,

Hunterston B (now mothballed);

Sizewell B (now mothballed);

= =4 4 a4 -—a -

and potentially at Capenhurst®.

(©) UK-based incinerators currently accessible via the Combustible Waste
Treatment Service :

1 Tradebe (Fawley, Hampshire; via Studsvik);

% Lower Activity i Low Level Waste (LALLW) is defined as radioactive waste with a maximum
concentration of 200 MBq (megabecquerels) per tonne of total activity that can be disposed
of to specified landfill sites.

*N.B. Capenhurst and Winfrith have incinerators that are currently mothballed.




JACOBS Quintessa

Veolia (Ellesmere Port, Cheshire via Abbot Nuclear Consulting); and

Grundon (Colnbrook, Berkshire; via Energy Solutions).

(d) Overseas incinerators currently accessible viathe Combustible Waste
Treatment Service :°

Bear Creek (Oak Ridge, Tennessee, USA; via Energy Solutions); and
Studsvik AB at Nykdping (Sweden).

2.5.4  Other Organic LLW Treat ment Facilities

There are a limited number of commercial scale alternative organic LLW treatment
facilities currently available to UK LLW producers. Augean Plc has a thermal
desorption facility licensed for acceptance of LLW located at Port Clarence,
Middlesborough. The facility is designed to enable recovery of hydrocarbons from
contaminated liquid organic wastes but is not currently available via the LLWR
framework.

255 Disposal

Untreated organic LLW, or more typically treated LLW e.g. as supercompacted pucks
is disposed to engineered facilities at either the LLWR or (specifically in the case of
Dounreay and Vulcan wastes) will be disposed to the LLW facilities at Dounreay once
they are operational.

At LLWR, wastes within half-height ISO containers are grouted primarily for void-filling
purposes (if they are not already grouted prior to receipt) and disposed to concrete-
lined vaults. As noted previously, the grouting and containerisation process adds
significantly to the effective volume of wastes disposed. Whilst LLWR (2011) notes on
average the added grout constitutes about 40% of the final waste volume within the
containers, this varies across individual waste types.

For example, Paulley et al. (2009) and underpinning references noted that while LLW
residues from batch incineration processes (ashes, etc) are typically a factor of 10
lower in volume than the equivalent treated waste volume arising from
supercompaction (return of around 2-3% compared to 30% of the original raw waste
volume) the incineration residues are usually incorporated in grout to stabilise them
for disposal (although this is a recommendation rather than a direct requirement of
the WAC). This process can lead to an increase in effective disposal volume for LLW
batch processes that means that the final disposal volume can be closer to that for
supercompacted pucks than may be immediately obvious.

Untreated LALLW and VLLW arising from treatment of LLW or VLLW, is disposed to
a range of permitted disposal facilities. This has historically included LLWR, but
increasingly facilities such as Clifton Marsh, Kings Cliffe and Lillyhall are being
utilised.

®> Note that Socodei (Centraco, France) and Belgoprocess (Mol-Dressel, Belgium) facilities are
currently unavailable due to the absence of an inter-governmental agreement allowing their use.
10
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2.5.6  Waste Acceptance Criteria

A review of the relevant WAC for the facilities identified in Sections 2.5.2 to 2.5.5 has
been conducted and is presented in Appendix B. The review contains details of the
WAC for each facility including the type and form of materials accepted, specific
activity limits, and unacceptable materials. The WAC review informs the options
assessment process including consideration of potential limitations regarding the use
of existing facilities.

Note that the Appendix review focusses on existing WAC; for LLWR, draft WAC likely

to be implemented in the near future (LLWR, 2013) will limit the amount of untreated

organic wastes per consignment in order to constrain the dotal potential voi d age 6,
taking into account the potential for organic degradation.

11
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BAT Study Approach

3.1 Overview

The process implemented for this study is based upon the application of a BAT
process consistent with best practice. It is intended to be evidence-based and robust,
and recognises the importance of engagement with the range of stakeholders who
have an interest in this study. A further core consideration in the process design was
the National Strategic nature of the study. Typically, site-specific BAT studies often
consider a specific issue (e.g. the management of a particular waste stream) and
specific options for dealing with it, which enables the assessment to efficiently draw
on detailed specific information sets where available. For a National Strategic study,
the performance of options is more likely to be evaluated in broad terms because a
broad range of situations may need to be considered. This section outlines the
approach proposedt o deal with the more dédgeneri.coé r et

The interpretation of BAT (or, more broadly, optimisation) in the context of radioactive
waste management has tended to adopt a broad remit, reflecting the desire to
minimise, so far as is practicable, the release of radioactivity to the environment while
also taking into account a wider range of factors, including cost-effectiveness,
technological status and feasibility, operational safety, wider environmental
considerations (such as energy and other resource use) and socio-economic factors
(EA, 2010; EA and SEPA, 2004). This broad balance between potentially conflicting
objectives is particularly relevant in the context of activities on nuclear licensed sites,
where there is a legal requirement on site licensees to demonstrate that the risks
associated with operations have been reduced to levels that are as low as reasonably
practicable (ALARP).

The Environment Agency (EA) has recognised that the demonstration of optimisation
may vary, but that in all cases the overall assessment process can be described
simply as comprising two main steps:

1 Asking if there is anything further that can be done to reduce doses to
people; and then

| Implementing that, unless the associated detriments are grossly
disproportionate to the benefits gained.

There are no definitive conventions for demonstrating gross disproportion in relation
to achieving BAT. | nd e sodnd judgiment akd/a clean logicald e r s
argumento(EA, 2010) can be sufficient to make a successful case.

3.2 Key Steps

The following section sets out the four key steps for this BAT study. It was designed
to follow good practice for BAT assessment as defined in relevant guidance
documents (EA, 2010; NISDF, 2010). The main elements are identified in Figure 1.

12
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Figure 1: Annotated Version of the Nuclear Industry Code of Practice BAT Process Diagram (after
NISDF, 2010) Showing the Four Main Process Steps for This Study

Scoping

The primary aim of this initial step in the BAT assessment process was for the project
team and key stakeholders to develop a common understanding regarding the
objectives, scope and context of the study. It also provided an opportunity to define
specific assumptions and constraints. This provided a basis for the initial identification
and characterisation of options considered in the assessment.

The main activities associated with Scoping were therefore:

Develop the overall options appraisal programme, incorporating the definition
of objectives, constraints, and assumptions.

Identify key stakeholders and develop a plan to ensure they are effectively
engaged.

Agree an approach to identifying and characterising options, including
appropriate recogniton of 6 enabl i ngo technol og
segregation) as well as primary treatment technologies, leading to an initial
long-list of technologies.

Agree a provisional set of screening criteria and constraints that can be used
to short-list the options.

Agree a provisional set of assessment criteria. These will be the factors
against which the performance of options is assessed, in order to provide a
basis for comparing them.

Undertake a literature review with a view to describing the options in
sufficient detail for the assessment, and to identify any data gaps that may
need to be filled in advance of the main assessment phase.

13
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The discussions on scope in this document reflect the outcomes of the Scoping
process. An early draft of the scoping version of this report was provided as an input
to a scoping workshop involving an appropriate range of stakeholders. This scoping
workshop presented and reviewed the scope of the study, and elicited feedback and
challenge. The agreed process was then utilised as a basis for execution of the rest
of the BAT study.®

3.2.2  Options Screening and Initial Assessment

In this phase, the initial long-list of options identified during scoping was further
developed and subject to initial assessment. The aim of the long-list was to describe

all technologies that could plausibly provide a part, on their own or in conjunction with

others, of an option that could potentially deliver benefits for the management of the

U K 6 @ganic LLW against the objectives previously described. Hence G6enabl i
technologiesd needed to be identified as well as the primary management
technologies, and appropriately addressed.’

The initial long-list made use of a range of information from best-practice resources
from within and outside the nuclear industry, including existing Site Waste
Management Plans and Integrated Waste Strategies, BAT studies, UK LLW strategy
documents and generic resources such as EARWG (2013).

The long-list then needed to be screened against appropriate criteria (Section 4.2) in
order to remove options assessed as not being sufficiently credible to warrant more
detailed assessment. A full audit trail of the screening process and decisions made
was recorded.

A draft screening process was undertaken by the BAT project team (see Section 4).
The outcomes were then presented, tested and finalised at the main project workshop
(see Sections 3.2.3 and 6).

3.2.3  Main Assessment and Workshop

The short-list of options identified following the screening phase was then used to
develop a set of detailed strategy options for the main BAT assessment (see Section
5). These options were subsequently assessed against the assessment criteria (see
Section 6) using a multi-criteria decision-analysis (MCDA) methodology.

For the present BAT assessment, a qualitative, rather than fully quantitative,
evaluation scheme was developed for use within the MCDA analysis. This was based
upon experience of executing high-level strategic BAT studies, whereby the
complexities of the decisions involved and the uncertainties that apply do not lend
themselves to quantitative scoring. Consistent with other recent strategic BAT studies
therefore, the focus was on identifying the key strengths and weaknesses of different
options against each criterion, and understanding the differentiators between options
they imply, and the key benefits and trade-offs. This approach has the advantage of
ensuring the study focusses on the key issues, and does not get bogged down in
uncertainties. It is also more flexible and can more easily accommodate option
dybridsé(also known as combinations) of options.

® The Agenda for and participants at the workshop are outlined in Appendix D. Several
stakeholders (e.g. the EA) were not able to attend the workshop and were consulted separately.
" In this context, enabling techniques are activities that are required to render the waste stream
suitable for the primary management techniques. An example of an enabling technique would
be sorting of a waste stream to segregate combustible material.
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The main draft outcomes of the MCDA process were recorded as a matrix of key
strengths and weaknesses against assessment criteria, with a full audit trail recording
the underpinning rationale.

The assessment needed to be conducted at a high level (national and strategic).
However it also provided a key opportunity to collate views on the key factors that will
drive site-specific preferences. Such questions include:

1 If this technique is the overall BAT outcome, what would stop an individual
site adopting it?

1 What are the enablers that would be required to open up this route for
specific sites?

The assessment outcomes need to provide a clear indication of the way in which site-
specific adoption of the strategy will occur. This approach also helped test how robust
each option is to variations in waste producer considerations and assumptions. The
assessment process was therefore designed to record this 6 me-d at iafdmation
alongside the National Strategic assessment outcomes. Conclusions are presented
so as to ensure they do not prescribe a particular course of action, but indicate the
strategic considerations and opportunities that are required to be addressed when
reaching a site-specific decision.

This was achieved by:

1 Firstly undertaking the MCDA analysis by considering main management
technologies for a range of wastes broadly representative of organic LLW
within the national inventory.

1 Considering if any of the main differentiators/assessment outcomes would
change if different or enhanced enabling technologies are applied (i.e.
different or enhanced characterisation, sorting and segregation).

1 Reviewing the sensitivity of the assessment outcome to other site-specific
considerations (e.g. transport distances from waste producers to treatment
facilities).

Multi-criteria options assessments can be intensive and time consuming in
workshops, and can reveal hitherto unappreciated data gaps. Therefore, the BAT
project team undertook the main phase of assessment via workshops involving a
range of technical specialists primarily drawn from the BAT project team. The draft
outcomes of this assessment were then presented and reviewed in detail at the main
assessment workshop.

The main assessment workshop? involved a range of stakeholders and provided the
main forum through which their input to the BAT process was gained. Participants
were taken through the draft options assessment in detail, including the rationale for
the draft outcomes. The workshop was designed to present an opportunity for
challenge, clarification and update. The agreed outcomes and other feedback were
then subsequently used by the BAT project team to update and finalise the options
assessment and its outcomes.

In addition, st akehol der vi ews on weneesoughtv &he gptidns
assessment identified a number of differentiators between options, mapped to

® The Agenda for and participants at the workshop are outlined in Appendix D. As for the
scoping workshop, a number of stakeholders invited but not able to attend the workshop were
consulted separately.
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different criteria. Stakeholders were invited to provide feedback on the relative
importance of the differentiators identified against different criteria. Different
stakeholders may have different perspectives on the factors that are important, and
so a simple process was designed to capture the range of views and to ensure they
were recorded and appropriately considered within the development of the final BAT
outcome. A key point of interest was to understand if the overall outcomes are
sensitive to different views on the importance of criteria. Given that the main options
assessment was qualitative, this weighting assessment was also qualitative, with a
focus on logic and the underpinning rationale.

At a high-level, a preferred BAT option for each of the main waste categories within
the scope of the study was agreed during the workshop. This represented the
preferred technique or techniques that represent the UK baseline assumption for
each category of LLW/VLLW organic wastes, with supporting information detailing
key issues for waste producers within this generic framework, and associated gaps,
challenges and opportunities. The further detail and clarification required to fully
develop the BAT strategy outcome was identified at the workshop.

Subsequent to the workshop, the options assessment and corresponding draft of this
BAT report were updated to take account of feedback received. Hence, subsequent
sections reflect the workshop outcomes. Workshop participants and observers were
given the chance to comment on this final draft. The report was then updated to
represent the final formal outcome of this stage of the process.

3.2.4 Integration

As noted previously, the BAT proces3hus nf or i
after a BAT recommendation is made, a process of integration is required to
transpose the outcomes into waste producer and NDA planning and associated
implementation and funding decisions. During this process, a range of wider issues
and perspectives will be of relevance (e.g. annual budgets, opportunities for service
provision, competition for funding, etc). It is only at the end of this process that the
BAT outcomes will become formal NDA/waste producer strategy. Integration will also
need to include guidance on the way that the National Strategic BAT can be used to
support and assist the identification of a preferred management approach for organic
wastes at site-level. It is only at this stage that a full strategy can be developed, taking
into account the technical BAT outcome, in terms of a preferred management strategy
option or options, identified in this document.

The planned process for the integration phase is outside the scope of the current
project, but was nevertheless discussed by LLWR at the main assessment workshop.
It is understood it will be implemented utilising established procedures and
engagement processes defined within the National Programme.

3.2.5 Note on Stakeholder Engagement
Effective stakeholder engagement is an important requirement of the successful
outcome of any BAT study. A range of stakeholders were identified for engagement in

the process including:

Waste producers;

1
i Waste management service providers (treatment and disposal);
q Regulators;

1

Councils/planners;
16
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1 NDA.

Regulators were asked to provide 6acti ve observer6 rol es, pr
regulatory issues, views on process, and challenge to the assessment outcomes.

Given the range of waste producers involved, and the local/national regulators and
council/planners with an interest in those producing sites, the stakeholder
constituency is large. The approach for engaging stakeholders effectively without
overburdening either stakeholder groups or the BAT process itself was therefore as
follows.

A subset of stakeholders was invited to the scoping workshop, sufficient to provide
confidence that the scope and proposed study approach was likely to be acceptable
to the full range. Participants from all groups were invited to the main study workshop.
Those who could not join the workshops but expressed an interest were informed by
other means e.g. by being provided with the draft and final reports, with comments
invited by email or phone.

Comments on the draft report were received from a several stakeholders and have
been considered during development of this final report.

3.3 Schedule

The schedule for the study is set out in Table 2.

Table 2: Study Schedule

Principal Steps Date

Scoping

Scoping Information Pack (incl. draft Scoping Report)
Scoping Workshop

Scoping Report (final)

Options Development and Initial Assessment

August & September 2013

Screening Information Pack ggf:t))ember & October
Internal Screening and Assessment Workshop

Main Assessment and Workshop

Assessment Information Pack

Internal Assessment Workshop October 2013 i February
Draft BAT Study Report 2014 (Main Workshop
Main Workshop beginning December)

Draft Final BAT Study Report
Final BAT Study Report
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Technology Options Long-list and Screening

4.1 Overview

Options screening is designed to consider whether each of the technology options are
capable of providing a meaningful contribution to the overall objective of achieving
safe management of organic LLW (including VLLW). The aim of the screening
process was therefore to derive and review a long-list of potential technology options
and then screen out options that are assessed as having significant disadvantages,
such that it is not considered plausible that they could provide a meaningful role in the
subsequent derivation of strategy options. The shortlist of remaining technology
options were then taken forward and used in the development of an appropriate
range of strategy options (Section 5).

Derivation of the pre-screening options long-list

The pre-screening long-list of technology options is set out in Appendix A. It was
devised with a focus on ensuring a comprehensive list of potential technologies was
developed. These technologies were selected on the basis that it is possible their
application could deliver some benefit in terms of organic LLW management in the
UK, noting the drivers presented in Section 2.1.

The list was made as comprehensive as practical, erring on the site of inclusion
where there is doubt about the benefits that could be delivered, noting that the coarse
screening process will then reduce the size of the list.

The pre-screening long-list has been drawn from a range of references, which are
also set out in Appendix A. These were selected from a wide range of both generic
and waste-category specific waste treatment information resources, both from within
and outside the radioactive waste industry. These were utilised in order to derive a
comprehensive long-list, which was not unduly biased by the knowledge of the
compiler.

Enabling technologies

An impor t ant class of technologies concerns 0
some approaches (incineration / supercompaction / organic destruction, for example)

are often only possible if character(andati on
VLLW) is implemented. Where such enablers are identified as important but do not

represent the main element of a treatment strategy option for organic wastes at a

generic level, or indeed are common across several options, their importance needs

to be noted and an appropriate discussion recorded. The main assessment phase

can then focus on the differentiators associated with the main management option.

On this basis it was agreed at the Scoping Workshop that the mode of application of
enabling technologies is typically site- and waste-stream specific and so it is not
appropriate to focus on them unduly at the strategic level. However, it is appropriate
that a discussion of the importance of enablers will be a component of the statement
of the final BAT outcome.

Therefore, during the long-list development such enabling approaches (e.g. sorting
and segregation, and characterisation technologies) were identified and discussed
separately from the Omai nd Broad xdtegoziestof ma n a @
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enabling technologies were listed to ensure the discussion was comprehensive, but
they do not need to be screened or explicitly carried forward to the main assessment
phase.

Dealing with treatment locations in the long-list of options

During the Scoping Workshop, it was agreed that differences between national and
international facilities in strategy option development need to be recognised, but that
within the UK, regional or local facilities should not be explicitly differentiated as those
choices are also likely to be governed by site-specific decisions, which are beyond
the scope of a strategic assessment.

The long-list of options therefore includes a discussion on location variants for
different elements, focussing on the country within which facilities are based. These
were subsequently used to help construct strategy options. A discussion on the role
of location in defining and comparing strategy options is provided in Section 6.2.

4.2 Screening criteria

Options screening is designed to consider whether each of the technology options are
capable of providing a meaningful contribution to the overall objective of achieving
safe management of organic LLW and VLLW. On the basis of discussions at the
Scoping Workshop, the screening criteria that were applied during the screening
assessment are:

Is the technology capable of being legally implemented?

Is the technology expected to provide a tangible environmental benefit (e.g.
reducing volumes for disposal)?

| Is there confidence that potential service providers will be available to
provide required treatment services within a reasonable timeframe?

1 Are there clear arguments that show the cost would be disproportionate to
any benefits gained?

4.3 Screening workshop

The screening of the long-list against the criteria was undertaken at a project team
workshop involving experts from LLWR Ltd and the Jacobs/Quintessa team, held at
Jacobso offices in Westl| SRotober20@3umbria on Th

Commentary on backfilling / grouting options

0Baclg®i Ihleirre r ef er s t diling bseng gpproprate smert matérial,yv o i d
such as the grouting processes used at LLWR. It was agreed during the screening
workshop that consideration of backfilling / grouting options at LLWR or any other
low-level waste disposal facility is out of the scope of the current assessment. This is
because:

1 The use of grout for backfiling at a site such as LLWR is a general
requirement for disposals and not a waste stream specific issue. It is not
considered a specific treatment option in this study, in that although it might
provide some chemical conditioning benefit relevant to post-closure
performance (e.g. limiting mobility of released radionuclides within the
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repository due to high pH conditions), the main role of backfilling is to fill any
voids in the disposal container arising after any treatment and waste
emplacement in the container, rather than to ensure passivation or
encapsulation.

1 Given backfilling / grouting is a general requirement it is not appropriate to
evaluate waste stream specific deviations that would be inconsistent with
general WAC. Any review of the backfilling (or indeed the containerisation
approach) would need to be undertaken separately with a more general
remit.

1 Void filling is not required for all facilities e.g. certain VLLW/LALLW
disposals. That is, requirements for backfilling / grouting will in any case vary
across the disposal concepts covered in this BAT study.

As backfilling / grouting requirements are general and apply to all waste streams, not
just organic wastes, they extend beyond the restricted scope of this study. The
assumption for this BAT process will consequently be that all disposals will comply
with existing backfill requirements for relevant sites.

Note that backfilling is not necessarily the same as stabilisation (including
encapsulation). Some of the treatment strategies would deliver enhanced waste-
forms (e.qg. vitrification) with or without backfilling of containers.

Commentary on decay storage

At the screening workshop, there was a discussion on the concept of decay storage.
This concerns the possibility that LLW wastes could be de-classified to VLLW prior to
disposal, or VLLW de-classified to out-of-scope/exempt. This would require storage
for a period of time sufficient for radioactive decay to lead to an associated reduction
in the average activity of the wastes.

It was noted at the screening workshop that long-term storage of LLW is not UK
policy. In addition, the requirements for long-term storage of LLW would not be
dissimilar to those for actual disposal and so the difference in lifetime costs may not
be substantial. Moreover, after the workshop, a number of simple decay calculations
were undertaken based upon the projected forward inventory of raw waste UK LLW
arisings. These indicated that decay storage over several decades would lead to a
notable reduction in average activities of certain waste streams. However, as the LLW
classification covers a significant range of activities, this reduction will not lead to
substantial changes in the total volume of raw wastes classified as LLW.

Decay storage was formally screened out after the workshop on the basis of
inconsistency with national strategy (if long-term decay storage over a period of
several decades or more is required), limited or no cost benefit per waste package,
and the low waste volumes likely to be affected.

4.4 Screening outcomes and final long  -list

The outcomes of the screening process, and the final long-list, was discussed and
agreed at the Main Project Workshop. They are summarised in Table 3 to Table 5
below.
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Table 3: Main Treatment/Management Technology Options

Options

Compaction options:

Brief technology summary

Screen
IN or
ouT?

Quintessa

Rationale and Notes

as ash.

Typically executed as a continuous
process with LLW included with other
wastes. This typically results in
production of LALLW / VLLW or even

Super- Supercompaction to enable significant IN Supercompaction is proven in achieving volume reduction
compaction volume reduction producing compacted benefits. After supercompaction it is unlikely that further treatment
pucks for disposal would be required or possible.
Disposed in half height containers potentially with soil infilling or
other materials, and grouting.
Current practice 1 service already available.
Compaction Compaction using approaches other IN Some volume reduction achieved. Usually prior to further
(mechanical than high-force compaction, most likely treatment to maximise use of transport containers. Could
methods other | in-drum compaction e.g. of shredded potentially be used in isolation prior to disposal. Generally utilised
than super- material. Post-screening, supporting for specific waste forms where there are reasons to prefer it to
compaction) approaches, such as vacuum packing, supercompaction. In-container compaction can be used prior to
are also included in this category transport and subsequent further treatment including
supercompaction.
Current practice i service already available.
No compaction | As an alternative need to consider no IN Current practice. Must be included as other treatments i and
with other processing of waste by compaction even no treatment - are plausible. No treatment at all would
treatment prior to onward treatment or disposals require specific BAT assessments etc to be acceptable at LLWR.
Thermal treatment options:
Incineration High-temperature incineration. IN but | Achieves volume reduction; is current practice; there are available
Produces off-gases / particulate / see facilities that are suitably permitted.
contaminated filters. Can drive off ration- | This is screened in, both in terms of co-incineration and batch
volatiles, other contaminants retained ale/ incineration. However it should be noted, specifically, that co-
notes

incineration overseas is screened OUT, on the basis of
radioactivity accountability T mixing with overseas wastes / lack of
return is not consistent with legislation and policy. Batch
processing oversees is however IN, as accountancy can be
controlled and the LLW ash returned.
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Options

Brief technology summary

Screen
IN or
ouT?

Quintessa

Rationale and Notes

out-of-scope ash, allowing disposal

elsewhere than LLWR. _ _ It should be noted that incineration facilities for hazardous waste

Batch-processes (e.g. using on-site can deal with hazardous constituents of the LLW streams.

nglgt(elzlié?;sr)e{a?rljsl_sﬂ\r;\? gghl_tlﬁ\é\{[ \(/)vrilllly wil Where waste incineration facilities are equipped with energy

require stabilisation within grout prior to generatlon plant, theAprocess can pote_ntlally be considered as a

adding to a container - though this has orecoveryo operation un der the
. : Framework Directive (Directive 2008/98/EC).

not always been required (Studsvik,

Sweden).

Pyrolysis / Heating in vacuum leading to off-gases IN Screened in but recognised most likely to provide benefit only for

gasification and ceramic-like solid residue/slag, or a sub-set of organic LLW. The cost of pyrolysis may be
similarly gasification heating in low acceptable for specialist wastes.
oxygen environment. Examples include Gasification is similarly screened in on the basis that it is a
the THOR pr oc elhoir(0 subclass of pyrolysis. However it was noted there is a lack of
Sweden, or the full THOR plant in the confidence in its potential to be legally implemented within
USA) appropriate timescales.

Plasma Targeted high-temperature treatment OUT | This is not likely to be available over the next few years i there
leading to off-gases and glass-like solid are no existing permitted facilities. It would be extremely costly for
residue/slag LLW compared to other options that would achieve the same

result.

However this technology will be considered in terms of integration
opportunities. It is important to keep a watching brief as, for
example, Sellafield may produce a plasma solution for its
heterogeneous Plutonium Contaminated Material (PCM) and
asbestos waste streams. In which case organic LLW treatment
may be useful as part of a combined solution with LLW as a
feedstock to cover gaps in PCM availability/suitability.

Vitrification High-temperature treatment leading to IN In-container Geomelt type processes are currently implemented in
off-gases and glass-like solid the US and being implemented in the UK. It achieves some
residue/slag volume reduction, and the resulting waste form provides long-term
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Rationale and Notes

performance. It is plausible that the cost would be

disproportionate to the benefit if applied in bulk, but is retained as
it i s possi bl e dgdgivebdndfits ferspepficant s
problematic waste streams.

wastes, rendering the residue non-
hazardous and suitable for landfill
disposal; works by driving off volatiles
(e.g. oils and solvents) for destruction

or recovery

No thermal Dispose but treat by compaction etc. IN Must be included as other treatments I and even no treatment -
treatment are plausible.
Other treatment options:

Bio-degradation | Anaerobic or aerobic breakdown of OUT | Not plausible that any significant fraction of organic LLW will be

e.g. anaerobic | organics leading to off-gas generation treated via this route within the next few years, even for smaller

digestion, and solid residue specific waste streams. The volume reduction benefits would be

composting eroded by grouting.

This is a candidate to maintain as a watching brief for specific
wastes.

Chemical E.g, by dissolution with solvents or IN There are existing processes available in both the hazardous and

organic reaction to convert to off-gases and radioactive waste inventories that are suitable for treating certain

destruction / solid residue. Includes also acid organic LLW waste streams. Includes electrochemical process for

oxidation washing, chemical oxidation and treating oils, and NNL and others provide technologies for
destruction, Arvia adsorption / chemical oxidation. Note this process gives rise to liquid effluent
electrochemical processes, molten salt which can be treated via current effluent treatment process and /
oxidation etc. Several of these or grouting. NB returned sludge/sediment would probably not
processes may involve evaporation meet WAC for subsequent incineration. Molten salt oxidation, as
which is also included, although on its practiced in US for example, and evaporation (although on its own
own this would strictly be a physical a physical process) also included here. Note that a subset of
process. these technologies could also be used as enablers.

Thermal Thermal desorption aims to recover IN There are available processes in the UK, and could plausibly be

desorption hazardous organics from contaminated used for lower-volume/orphan wastes. A key aim is to recover

6cleand oils etc.

Although a heat-driven process, it is explicitly not an incineration-
based approach, and achieves a similar result to some of the
chemical organic destruction/oxidation technology variants (in that
it drives off volatile organics for separate treatment/destruction)
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Rationale and Notes

and for simplicity is subsequently addressed under that category.

Micro-wave Use of microwaves to achieve similar OUT [(Screened out for o6earlyd consi

decomposition | result to chemical destruction Technology readiness level is too low. To date research shows
theoretically possible and used in bench experiments.

This is a candidate to instead keep on the watch list for specialist
waste forms as part of a pre-treatment option.

Cryogenic Supercooling to facilitate crushing via a OUT | Benefit is marginal or zero for organic LLW, especially compared

crushing hammer mill for overall volume to other compaction approaches, and cost would be

reduction (e.g. use of liquid nitrogen disproportionate.
and hammers / compactors)

Plastic melting | Primarily for size reduction reasons OUT | No obvious benefit compared to a range of other simpler
void/volume reduction options (compaction, supercompaction,
thermal). Volatile release an issue. No strong prospect of
availability of permitted treatment facilities.

Shredding / Size reduction by cutting into small IN This is very close to being an enabler only. Retained on the basis

Chipping / pieces, often followed by compaction that it could be used for certain wastes for volume reduction. Most

Cutting (e.g. low-force in-drum compaction) likely applied prior to sentencing, but could be a later precursor to
compaction. Already current practice. Unlikely to feature
prominently in a combined strategic option.

Steam Waste converted into gas by high- OUT | Unlikely service providers will supply permitted facilities suitable

reforming temperature steam processes that for organic LLW in a reasonable timeframe. Secondary wastes

break down long-chain hydrocarbons, would need to be dealt with. Other treatment options are already
producing off-gases and other products, available that achieve equivalent results.

potentially together with solid

residue/slag (in which case process

essentially pyrolysis)

Stabilisation Chemical stabilisation of oils and other IN Stabilisation of oils involves producing a solid or semi-solid

(including liquid containing wastes, product by physico-chemical treatment of oils.

encap-sulation) | encapsulation/grouting (e.g. in drums), This is already current practice for relevant waste streams.

oil solvent solidification.
No other Dispose but treat by compaction etc. IN Must be included as other treatments I and even no treatment -

24




JACOBS Quintessa

Options Brief technology summary Screen Rationale and Notes
IN or
ouT?
treatment are plausible.
Storage options:
Decay storage | Decay storage assumes a significant OUT | Unlikely that LLW to VLLW or VLLW to free release for non-trivial
fraction of the inventory of a waste- volumes could be achieved within plausible timescales.
stream is short-lived, such that the Inconsistent with national strategy, and limited cost benefit even
decay storage allows diversion (e.g. for those wastes affected (see main text).
LLW to VLLW)
Long-term Here long-term safe storage rather than OUT | Not consistent with policy for LLW/VLLW, or indeed licence
storage final disposal is pursued. condition 32 as leads to accumulation of waste. Note for some

wastes there are no current management solutions. However this
is not aml i appnbaoh to orphan

Final disposal options:

Disposal to i.e. LLWR/Dounreay IN This is current practice for relevant wastes.

existing LLW

facilities

Disposal to e.g. those UK facilities currently IN This is current practice for relevant wastes.

existing permitted to accept VLLW (Clifton

LALLW/ VLLW | Marsh/ Kings Cliffe / Lillyhall)

facilities

Disposal to new | Most likely surface or near-surface, OUT | Current policy is for maximum usage of existing assets (i.e.
LLW facilities elsewhere than LLWR/Dounreay LLWR; note Dounreay LLW facilities will only accept Dounreay

LLW). This is taken as the baseline assumption here. In any case
if LLWR disposal volume is exhausted, that would be an industry-
wide rather than waste category specific issue. In that case the
preferred approach to organic wastes would arguably simply be
transposed to any new arrangements. Therefore, this does not
need to be considered explicitly.

Disposal to new | Most likely new permitted UK landfill IN It is plausible that new UK options for disposal of LALLW / VLLW
LALLW / VLLW | facilities may become available within the next few years, subject to
facilities licensing consent considerations.
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Table 4: Location Option Variants

Options

Screen IN or

oUT? Rationale and Notes

Treatment in the UK® IN Location variants that apply to any of the

Treatment overseas IN above treatment options. Plausible and
(for relevant wastes/technologies) current
practice.

Disposal in the UK IN Current practice.

Disposal overseas ouT Inconsistent with current legislation and
policy.

Segregation

Characterisation

Sorting

Decontamination

Monitoring

Filtration (oils)

Table 5: Enabling Technology Options

Options Notes

All retained as generic enabling technologies (see main text).
Generally standard components of existing enabling
approaches.

Note that O6decontaminationd (
contamination / dust from PVC) was moved here at the
screening stage.

°NB

treat ment

could be via existing

waste facilities upgraded to achieve permitting to accept radioactive waste
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Identification of Treatment Strategy Options

5.1 Context for Development of Treatment Strategy Options

As noted in Section 1 and elsewhere in this document, a full strategy for the
management of UK6s organic LLW wastes wild.l
These include:

Consideration of enabling and main treatment technologies;

2. Mapping preferred enabling/treatment technologies to different waste
streams;

3. Disposal/discharge options;

4. Locations (UK, overseas);

5. Timeframes (next 5 years, longer term);

6. Identifying modifiers (e.g. management strategy ko is preferred for waste-
stream fiyo unless site-specific concerns such as fz0 are relevant, in which
caseé)

7. Opportunities (treatment technology availability in next 5 years and longer
term, etc);

8. Risk management (flexibility of the strategy; response to plausible what-if

scenarios e.g. unexpected treatment facility unavailability).

Such aspects have been addr essed as far as possi bl e
assessment component of the BAT study. In particular, the aspects of the above list

numbered 1 to 4 have been consi dered through the devel
strategy optionsodo refl ect i ngcyclehrdormatoowas wa st
also gathered during the technical assessment phase to support consideration of the

elements numbered 5 to 8 in the list. Subsequently, the full range will need to be
consideredwi t hin the ¢édi.ntegrationd phase

For the current assessment phase, the following approach has been adopted.

1 Development and assessment of technology-based treatment strategy
options (enablers, main treatment technologies, disposal options).

Dealing with location variants using logical argument.

Identifying timeframes of interest to the main assessment and to the wider
strategy.

1 Collating information on the remaining factors through the assessment
process for input into the final BAT outcome and integration phase.

The collation of strategy relevant meta-data during the assessment (see Sections 6
and 7) is an important component of the process. It is not within the remit of this study
to overlap with or pre-judge site-specific studies (as discussed elsewhere); however
the process outcomes provide a framework and starting point for those studies.
Potential blockers and modifiers that may need to be considered in site specific
studies need to be recognised when formulating National Strategic options. Therefore
it was important to ask questions such as the following during the assessment:
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1 How significant would transport considerations be for a typical site and
typical waste stream?

1 To what extent is the viability of this option dependent on enhancing the
application of enabling technologies such as sorting and segregation?

1 What would prevent site fkdfrom taking up technology fyd?

The remainder of this section details the approach to developing technology-based
treatment strategy options, assessment of which informs the relevant key component
of the overall strategy. The other elements highlighted above were addressed in
subsequent phases of work. However, they are relevant to note here, as the options
should be defined in a way that assists in addressing these wider elements during the
assessment and the later integration stages.

5.2 Approach to the Development of Treatment Strategy Options

The technology option short-list that was retained following screening provides the

basic building blocks for the treatment str
are combined into options appropriate to
appropriate strategic themes. The intention is that each option should reflect a

plausible management strategy for the wastes, and be sufficiently detailed and useful

to provide the basis of a framework for subsequent site-specific decisions, including

informing LLWR/NDA strategy development and implementation.

Together, the treatment strategy options need to:

| Capture all the main elements of life-cycle waste management options
defined as being within scope.

1 Appropriately represent al | the O6buil di
after screening.

| Allow sufficient simplification / grouping to make the assessment tractable.
Rationale for Proposed Approach

A diagram summarising the approach to constructing treatment strategy options for
organic LLW is provided in Figure 2.

The structure of the diagram is explained below.

1 Each o6columnd within the diagram repre
management life-cycle.

1 Different life-cycle strategy options are represented by different ways of
progressing from left to right through the diagram, following the directions of
the arrows.

Key simplifying assumptions are set out below.

1 O0Enabl ersé are not part of the options
Scoping Stage that their importance needs to be recognised but judgements
on their utility are site-specific matters. Similarly backfilling / grouting is a
disposal-facility specific requirement (where applicable), consideration of
options for which is beyond the scope of this study.
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1 The issue of use of UK vs. overseas facilities can be decoupled from the

main O0technical 6 a¥hsdiscgsson (see Secfion 6)gani on s
be overlaid on the outcomes of the technical assessment.

1 All management options that produce solid wastes should be capable of
delivering wastes t hat wi || meet , t he
LALLW/VLLW or out-of-scope/exempt waste facilities. It would be
reasonable to assume that all VLLW activity wastes will go to LALLW/VLLW
facilities to reduce pressure on LLWR. Then the choice between new and
existing facilities will depend upon their availability and WAC. At the BAT
level it is unlikely that a differentiator will be observed as both options will
meet common regulatory/permitting requirements. Therefore these aspects
are not reflected in the options for comparison. However, a discussion on the
importance of ensuring there is sufficient capacity overall will be an important
aspect of the final strategy to be produced following the integration phase.

| A number of management options involve the generation of aqueous and/or
gaseous discharges. This includes approaches whereby the main waste
products are disposed/discharged via these routes. Therefore these
discharge routes need to be recognised in the overall treatment strategies.

Main treatment process options

Given the above arguments that aspects such as enablers and location can be
decoupled from the main treatment options, then the strategy treatment options can
be grouped according to those primary treatment methods. These are summarised
below.

q Thermal treatment via co-treatment processes: that is, incineration by
addition of radiological wastes to hazardous/conventional wastes within a
continuously operating incinerator, leading to out-of-scope/exempt waste or
LALLW/VLLW for disposal (for LLW; out-of-scope/exempt only for VLLW)
and energy generation at certain facilities).

1 Thermal treatment via batch processes, leading to LLW residues for
disposal (for LLW treatment; similarly no change in category for VLLW).

- Primarily batch incineration.

- Batch pyrolysis and vitrification also to be assessed, noting that it is
likely they will primarily apply to specific waste streams e.g. orphans.

1 Low-force compaction, possibly including shredding and vacuum packing
but most typically in-drum compaction (with shredding/vacuum packing then
essentially reduced to enablers). Note that the compacted wastes may be
directly sentenced for disposal, in which case low-force compaction can be
seen as the main treatment process; if however it is used to enable efficient
transport etc prior to another treat men
is dealt with as part of the enabling technology group discussed above.

Supercompaction prior to disposal of pucks.

Chemical organic destruction/oxidation covering a range of technologies
to break down applicable wastes.

1 Stabilisation including chemical stabilisation and encapsulation in grout,
applicable to sludges, liquids and oils.
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No treatmenti s t he O6nul |l & option, a g LLWR
WAC require a strong justification for disposal of LLW wastes that could be
volume reduced via treatment but are not.

Approach to options for VLLW

The same set of treatment options is also relevant to the VLLW subset of wastes,
noting the reduced options for disposal. The equivalent diagram to that for LLW is
provided as Figure 3.

Summary of Strategy Options

On the basis of the above discussions and the alternative strategy options
represented by Figure 2, the following LLW strategy options can be identified for

assessment.

| LLW sentencing > enabling approaches > co-treatment thermal >disposal as
out-of-scope/exempt material or VLLW with backfilling/containerisation'® as
required.

1 LLW sentencing > enabling approaches > batch thermal > disposal as LLW
with backfilling/containerisation as required.

1 LLW sentencing > enabling approaches > compaction > disposal as LLW
with backfilling/containerisation as required.

1 LLW sentencing > enabling approaches > supercompaction > disposal as
LLW with backfilling/containerisation as required.

1 LLW sentencing > enabling approaches > chemical organic
destruction/oxidation > disposal as LLW with backfilling/containerisation as
required, or disposal via permitted aqueous/gaseous discharge.

1 LLW sentencing > enabling approaches > (sludges/flocs/liquids/oil)
stabilisation > disposal as LLW with backfilling/containerisation as required.

1 LLW sentencing > enabling approaches > no treatment > disposal as LLW

with backfilling/containerisation as required.

For VLLW, (Figure 3), this is modified to:

VLLW sentencing > enabling approaches > co-treatment thermal > disposal
as out-of-scope/exempt material.

VLLW sentencing > enabling approaches > batch thermal > disposal as
LALLW/VLLW with backfilling/containerisation as required.

VLLW sentencing > enabling approaches > compaction > disposal as
LALLW/VLLW with backfilling/containerisation as required.

VLLW sentencing > enabling approaches > supercompaction > disposal as
LALLW/VLLW with backfilling/containerisation as required.

VLLW sentencing > enabling approaches > chemical organic
destruction/oxidation > disposal as LALLW/VLLW with

“Note that consistent with terminol ogy used
void filling with inert material such as grout. The practice of co-disposal of wastes of different
geometries to maximise packaging efficiency and reduce voidage is not considered explicitly

here, as it is considered to be part of the normal disposal step.
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backfilling/containerisation as required, or disposal via permitted
agueous/gaseous discharge.

VLLW sentencing > enabling approaches > (sludges/flocs/liquids/oil)
stabilisation > disposal as LALLW/VLLW with backfilling/containerisation as
required.

VLLW sentencing > enabling approaches > no treatment > disposal as
LALLW/VLLW with backfilling/containerisation as required.

Applicability of Treatment Strategy Options to Key Waste
Streams

As discussed elsewhere, a range of LLW and VLLW organic waste streams fall within
the remit of the present BAT study. It is instructive to note (a) which of these waste
streams are the most significant in terms of raw-waste volume and (b) which
treatment approaches are applicable to each waste stream.

A high-level analysis of projections for future organic waste arisings and WAC limits
and requirements for treatment options has therefore been undertaken. This is not
intended to be exhaustive but as a resource to guide thinking. The analysis is
summarised in Table 6.
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I _Compact— Super- . F
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¥ and / or gaseous
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T destruction/oxidation all contamination
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> No treatment +—

Figure 2: Treatment Strategy Options Summary Schematic for LLW
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Low-force
compaction

o> _Compact— Super- . F
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o> Chemical organic discharge of_some or
destruction/oxidation all contamination
> Stabilisation —
> No treatment +—

Figure 3: Treatment Strategy Options Summary Schematic for VLLW
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Table 6: Waste Stream Treatment Option Matrix
Key:

VzTreatment is suitable " = Treatment may be suitable but with potential restrictions X = Treatment is unsuitable

Treatment
Thermal Compaction Chemical / ,
. . . . In-Situ . Vacuum Low force Super organic | Stabilisation Dli_)lrect I
Material EMSFETT| [ Vitrification SR packing compaction | compaction | destruction Isposa
Cellubsics 4 2 b c
2.1%total LLW ARV 4 | | %
48% of organics : W -
Wood - , d e,
Approx. 30% of S N4 <7 S 4 . / %
cellulosics : 4 v : N4 v
Plastics . , ) e, : f
1% total LLW 7 7 Yy 4 =y 4 Ny 4 %
23% of organics ' 4 ' - - '
Rubbers g
0.3% total LLW Ny 4 7 < ny'4 X
6% organics ' hd e ' hd A

Sludges, flocs &

liquids y 4 < 4 %
02%total LLW | ot X % % ¥ o %

5% organics

Qils
Unknown% of %
sludges, flocs & v o o’ % % % i o %
liquids
Other Organic$
ogwto@lLlW| 7 | | | Ny 4 Ny 4 < | <7 7 VAL
17% organics N N 4 N4 \4 4 N/ N N o

a- Requires materials that contain glass formers, such as soil, ash or sediment to establish and propagate -a\Noekuitable for material with high moisture

Notes: content(_: - Putrescible materials Iimited _to <1@br LLWR(ﬂ q Achieye;imited benefite ¢ Wood/ hard plasticsnot read_ily compactit_)lé - Process is typically slo
’| for plasticsg ¢ Rubbers can cause issugsgh compaction / reassertionif part ofa mixedwastestreamh - Other Organics are materials that have not been

specified by producers, thought to include a combination of the solid organic materials abdvigely toinclude an element of orphan waste material.

34




JACOBS Quintessa

6 Assessment of Treatment Strategy Options

6.1 Approach to the Assessment and the Main  Project Workshop

This section contains an assessment of the treatment strategy options (further details
can be found in Appendix E). As described in Section 3, the assessment was
undertaken through a three-stage process, outlined below.

Preparation of a Draft Assessment

A draft assessment of options against criteria for each waste stream was undertaken

through an expert workshop held at Pelham House, Calder Bridge on 8" November

2013, involving memb er s of t he LLWR/ Jacobs/ Quintess
Participants also included waste treatment experts from outside the core project team

to introduce an element of independent challenge. This was then further developed

by off-line additions, refinement and review, prior to the full review and update at the

main project workshop.

The draft assessment was prepared as it is time-consuming to undertake such a
process in a workshop involving many participants. The intention was to present the
analysis in full, including the screening and treatment strategy option formulation
process discussed in previous sections, at the main project workshop. The aim was

to:

| Present the logic and rationale for the options formulation and assessment
process.
Invite detailed discussion, comment and feedback.
Elicit views on the relative importance of differentiators against relevant
criteria of interest.

q Provide the basis for an updated final assessment on the basis of feedback.

1 Discuss the key elements of the final strategy.

Consistent with scoping discussions (see Section 3) the draft assessment involved an
evidence-based assessment of options against criteria. A qualitative approach to
options evaluation was undertaken.

As described in Section 5 and elsewhere, there are a number of waste streams within
the broader organic waste category with differing characteristics. Both LLW and
VLLW waste classes are within scope and while similar waste treatments will be
available, the balance of arguments (e.g. reflecting the value of avoiding LLW
disposal volumes, as contrasted with VLLW volumes) will differ. The draft assessment
sought to recognise these key differences, without making the assessment too
complex.

Therefore, the approach was taken to first select the highest volume single LLW
waste stream (cellulosics) and undertake a full assessment for that waste stream.
Then, the assessors were asked to answer the following:

q For each of the assessment criteria, how does the assessment change for
VLLW?
1 For each of the other waste streams, how does the assessment change?
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This process was systematic, in that every combination of waste stream and criteria
was considered, b ut estaldishédnegsureal the pracess Iwasn e 6
efficient. Also, many of the differentiators are common across several waste streams.

Thedr af t Odssessmdntitherefdre followed the following steps.

i Review of the options for assessment.

1 Review of key assumptions (including those highlighted in Sections 3 and 5).

1 The 6l ocationd el ement of 6R2reat ment optd.i
1 Review of assessment criteria,and6 k ey questi onsd intendeoc

assessment (see Section 6.3).
ldenti fication of a waste stream for t he

Assessment of the strengths and weaknesses (and therefore differentiators)
of each treatment option against each criterion. Development of an
assessment matrix capturing the assessment.

| Modification of the assessment matrix to identify changes for VLLW, rather
than LLW, cellulosic wastes.

1 Systematic review of the baseline assessment matrix to identify what
changes for other wastes.

1 Identification of key themes.

Review at the Main Project Workshop

The draft assessment was not intended to derive a formal proposed preferred option
or options, or indeed derivation of a proposed BAT strategy. This was a matter for
consideration and agreement by stakeholders, informed by the detailed assessment
following its review at the main workshop. It was considered important that the
6i nternal 6 as s ejsdgentte outconukj itd roleveas ratper te help collate
and assess the evidence required to inform that judgement.

The draft assessment was therefore reviewed in detail at the main project workshop,
and used to inform discussions on the BAT outcome. The workshop involved a range
of stakeholders including regulatory observers, industry technology and disposal
facility representatives, and waste generators. Parties who expressed an interest but
who were not able to attend the workshop date were contacted separately to seek
their input, and were provided with relevant project documents (including this report)
for comment and feedback. Details of the Agenda and participants are set out in
Appendix D.

The main project workshop process can be summarised as follows.
1 Review of scoping outcomes, including approach to dealing with location
options.
Recap, review, modify and agree screening outcomes.

Review treatment strategy options.

Detailed review of the strategy options assessment against criteria for each
waste stream, and for both LLW and VLLW.
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1 Discussion on the key arguments informing the identification of BAT for each
waste stream. Identification of the key differentiators against each criterion
and their relative importance in establishing BAT (i.e. high-level, qualitative
criter i-waeidyshw Caongpténey. review between the two sets of

arguments.
1 Agreement of Opreferredd treat ment str a
a generic basis.
1 Discussion on modifiers (i.e. blockers and enablers that might prevent or
indeed help sites take upthegener i ¢ 6preferred6é strategy
1 Identification of the main features of a BAT outcome recognising the
modifiers.

Documentation and Final Review

The final options assessment, and the statement on the main features of the BAT
outcome agreed at the workshop, were then formally finalised and captured in the
remainder of this document. The following sections therefore record the detail of the
finalised assessment and the BAT outcomes.

This document has been supplied to and tested with workshop participants to provide
a further opportunity for feedback and to ensure the key outcomes are robust.

6.2 6Locationd EIl ement of Treat ment Str a

As discussed in Sections 2 and 3, sub-UK location options for treatment strategy
components (e.g. use of facilities close to waste producers vs. central facilities) are

not within the scope of the options comparison. Such aspects merit detailed
discussion in the final strategy to be derived during the integration phase, and in any

business cases for future developments that will be informed by the current
assessment. However, i n t er ms of a Otechnical 6 BAT c
considerations involve factors that are too site-specific to be meaningfully addressed.

The issue of whether treatment should be undertaken within the UK or overseas is,

however, not site-specific and needs to be addressed.

In addition to meeting general regulatory requirements for transport, any treatment
strategy involving the use of overseas treatment facilities would need to satisfy the
requirements of the UK Transfrontier Shipment of Radioactive Waste and Spent Fuel
Regulations, 2008. Moreover, when deciding whether to authorise the export of
radioactive waste for treatment overseas, the EA and SEPA are obliged to take into
account Government policy (e.g. DEFRA et al, 2007) as well as the requirements of
the regulations.

The current UK policy on export of low-level radioactive wastes establishes guidelines
that offer somewhat more flexibility than those previously in place (Cmd 2919, 1995).
Specific considerations relating to UK policy include:

1 A presumption towards solutions local to the point of arising, based on the
proximity principle and minimisation of unnecessary waste transports.

1 A presumption towards self-sufficiency in waste management. That is to
say, a case for transfrontier shipment requires demonstration that effective
treatment of the wastes concerned cannot practicably be undertaken in the
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UK. If a suitable UK option is available, the default regulatory position will
tend to be that export is unnecessary.

1 A presumption in favour of O6early sol ut
capable of delivering final disposition of the wastes for many years, while
overseas solutions are readily available, this could represent a significant
consideration in relation to determining the outcome of an options
assessment.

Typically, cases that have been made for overseas treatment of organic LLW in
recent years have been based on an options analysis demonstrating that alternative
UK solutions are not available, or would not reasonably be implementable, on
timescales consistent with those desired. Nevertheless, it is recognised that
arguments for the export/transport of radioactive waste can be contentious and
regulators are very aware that their decisions are potentially subject to challenge,
either under appeal or by judicial review. There is a considerable political dimension
to such issues, particularly given that there are concerns among host communities
regarding the associated O6exportd of empl o
under a statutory obligation (under the terms of its establishment) to consider socio-
economic factors in its decision making.

It is instructive to note that the BAT study making the case for the export of the
Berkeley power station heat exchangers (Magnox, 2011) was based on the goal of
waste minimisation, coupled with a defined objective to achieve accelerated
clearance of the site rather than deferring treatment or constructing dedicated local
facilities for size reduction and possible treatment. In this case, Studsvik was
considered the preferred (overseas) option because of the readiness with which, once
the wastes had left the Berkeley site, trans-shipments between different transport
modes (and across boundaries between political jurisdictions) would be minimised.

For the present assessment, the following BAT outcomes are proposed on the topic
of location of treatment.

| Wastes will typically be treated within the UK wherever there is a capability to
do so on suitable timeframes.

1 Specific wastes may be treated overseas but a strong waste-stream specific
case will need to be made based upon lack of UK capability (e.g. for timely
volume reduction) or disproportionality (e.g. in cost of the UK solution).

As the justification for overseas treatment will nearly always be made on a site- or
waste-stream specific basis, it is beyond the scope of the present BAT study to
analyse sub-UK location options in more detail.

6.3 Criteria and O6Key Questionso

On the basis of past experience and good practice, a criteria set was identified that

falswi t hin the following 6standardd broad cri
Safety and Security

Environmental Impact

Technical Feasibility

Community Impacts

= =4 -4 —a -

Financial Cost
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The detailed criteria set was reviewed and agreed at the Scoping Workshop,
including the addition or modification of several criteria from that originally proposed
to the workshop.

Priortot he assessment phase, a number of Obkey
summarise key elements of each criteria group that need to be addressed in
assessing differentiators between options, and provided a starting point for
discussions:

1 Safety and Security

- Will the option help minimise health and safety risks associated with
waste management i will it offer any advantages / disadvantages in
terms of ease / cost of ensuring operations are ALARP?

1 Environmental Impact

- Does the option help deliver key elements of the Waste Management
Hierarchy? Does it lead to volume reduction and/or de-classification
whilst delivering a project with the required longevity? Are there
secondary effects e.g. secondary wastes and/or significant resource
use?

q Technical Feasibility

- Is the option consistent with national and NDA strategies? Is there
confidence in timely availability of treatment routes, longevity of supply,
and the proven performance of those routes? Is the option robust to
uncertainties in the nature and rate of arisings of wastes?

1 Community Impacts

- Will the option have advantages or disadvantages for relevant
communities, e.g. jobs, local spends or other impacts?

T Financial Cost

- Will the option involve significant up-front and/or lifetime costs?

The full detailed criteria set is as follows. Note that in the assessment, the full list was
usedasan o6 ai de mwitmdiffenergidiors being captured by criteria group, in the
interests of minimising complexity of the assessment matrix.

Safety and Security

(1) Acceptable rate of achieving passive control. The capacity to deliver a safe
passive wasteform for existing wastes within acceptable timescales.

(2) Avoidance of implementation hazards. The extent to which there may be
significant health and safety hazards associated with their implementation. Whilst the
requirement to demonstrate ALARP in implementation will always be respected, a
treatment alternative presenting lower operational hazards to the workforce will (all
other things being equal) tend be preferred over one that involves more hazardous
working conditions.
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Environmental Impact

(3) Minimising off-site impact (humans, other flora and fauna, other environmental
receptors). The objective of minimising the environmental footprint, taking account of
secondary wastes and effluent discharges.

(4) Conditioned waste volume. The projected extent to which they are considered
capable of minimising the volume of the final conditioned wasteform for disposal.

(5) Confidence in product. The confidence that can be placed in achieving a passively
safe, stable final wasteform, capable of meeting waste acceptance criteria for
disposal.

(6) Resource use. The extent of life-cycle energy or material costs associated with the
option.

Technical Feasibility

(7) Consistency with existing NDA and other waste producer strategies. Does the
option support or conflict with existing strategies? Would it open up commercial
opportunities for sites that would be of value in future strategy development?

(8) Strategy flexibility. Does the option rely upon a particular facility, or the creation of
a new facility? Is it only a short-term solution, or does it have strong potential for the
longer-term?

(9) Operability and maintainability. The extent to which technology options are
considered simple to operate and maintain, and will reliably process the waste
volumes involved.

(10) Confidence in process viability. The confidence that can be placed in the
technical maturity of the process and its capability to deliver a satisfactory final waste
product. This takes into account the nature of the wastes involved as well as process
operating experience with similar types of waste materials and radioactivity content, in
the UK and overseas.

(11) Availability of treatment routes. Considers the current (or potential future)
availability of plant to process wastes, and whether they are likely to offer sufficient
throughput capacity.

(12) Robustness to uncertainties and variation in feed characteristics. The capability
of an option to accommodate conceivable variations in feed characteristics (i.e. the
extent to which they will be able to deal with a wide range of waste streams within the
overall organic LLW / VLLW category) with minimal rejection or breakdown.

(13) Footprint. The area of land required by a facility and its services will be
particularly relevant if it is to be placed within an existing licensed site.

(14) Planning processes. Comparison with the relevant Development Plan
Documents, which comprise the Regional Spatial Strategy, the Minerals & Waste
Development Framework and the district Local Development Frameworks (or other
similar local arrangements). They are also assessed for conformity with national
policies, such as those set out in National Policy Statements, Planning Policy
Statements and Minerals Planning Guidance.
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Community Impacts

(15) Socio-economic implications. Management strategies may potentially be
differentiated in terms of their implications for the support for local supply chains (on a
site and supplier basis, for example), the number and skill level of local jobs
associated with operating and maintaining treatment plants, etc.

Financial Cost

(16) Affordability. Short and medium term costs associated with any necessary
construction, commissioning and operation.

(17) Lifetime costs. Lifetime cost relates not only to the cost of implementing the
waste treatment process, but also the costs of final disposal. Hence options that
minimise the volume of conditioned waste requiring disposal may also be more
favourable from a lifetime cost perspective.

Note on approach to evaluating costs in the assessment

It was noted from the outset that cost considerations will be important for the
assessment. However, it was recognised that as this is a generic national BAT, cost
comparisons will necessarily be made at a very high-level. Experience of costs
associated with running existing facilities will be relevant, but detailed breakdowns will
not be helpful given uncertainties in likely future waste stream characteristics. Rather,
order of magnitude costs to establish any key differentiators will be the focus of
attention.

On this basis, as part of the assessment, a high level consideration of costs for
existing treatment options was made on the basis of information sources including the
existing cost norms for LLWR treatment services as summarised in Appendix C.
These and other high-level cost factors were used to establish differentiators in the
options evaluation detailed in Appendix E and summarised below in Section 6.4.

During the assessment process, participants made clear that more detailed cost
evaluations will be required for each subsequent site- or waste-stream specific BAT
process to be undertaken within the generic framework established by the present
study. From the standpoint of consistency in strategy formulation and evaluation, and
in order to help assist the identification of cross-site integration opportunities, it will be
advantageous if costs are assessed on a broadly consistent basis during future
studies. This is a matter for potential consideration during the integration phase (see
Section 7.2).

6.4 Assessment of Treatment Strategy Options
6.4.1 Assessment against Criteria

The finalised options/criteria assessment matrices for each of the key waste streams
are provided in Appendix E. The reader is referred to these matrices for full details of
the assessments made, including comparative strengths and weaknesses of each
option for each waste stream, and underpinning rationale. Together they cover:

1 Cellulosics (the Obaselined assessment)

1 Wood (as a waste stream considered sepa
thus not included in the above category);
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1 Plastics;

q Rubbers;

q Non-oil sludges, flocculants and liquids; and
1 Oils.

At the main project workshop, it was identified that there are strong similarities
between: Non-wood and wood cellulosics; plastics and rubbers; and oils, sludges,
flocculants and liquids. There are key differences but the assessment matrices were
simplified by combining waste stream assessments into these three categories, and
clearly identifying those differences in the matrices.

Note that in the projected national organic LLW waste inventory as reflected in Table
6, a non-trivial volumeis al |l ocated as O6othersd. Thi
which one or more of the following may apply:

the form is not yet known (e.g. pending decommissioning);

wastes are suspected as potential orphans that may need to be treated
separately from the six categories listed above;

1 wastes are small-volume waste streams of differing physical and chemical
characteristics that will require site-specific analyses;

q involve small volume mixed waste streams.

This category was not assessed independently as it is considered that either (a) upon
investigation their physical forms will be resolved and will be identified as falling
broadly into the above categories, (b) any orphans may in any case be covered by
the above physical categories, and/or (c) will require waste-stream specific studies
that are beyond the level of detail of the scope of this study, but will nevertheless be
beneficially informed by it.

6.4.2 Assessment Outcom es

In what follows, the key outcomes of the assessment of treatment strategy options
against criteria for each of the waste streams are summarised. The summary starts
with cellulosics, as it is the highest-volume waste stream and the outcomes provide a
baseline for the assessment of the others.

Table 7 provides an overview of the main outcomes of the assessment of options for
treating cellulosics, drawing on the detailed assessment presented in Appendix E.
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Table 7: Main Assessment Outcomes for Cellulosics

Option Summary

No treatment | For LLW cellulosics, there are some advantages to undertaking no
prior to treatment prior to disposal, in that this is a broadly flexible and simple
disposal approach, with no need to build any new plant. However this has the
substantial disadvantage that it does not achieve diversion or volume
reduction from LLWR. This has several associated implications including;

1 Inconsistency with UK LLW policy and strategy (which strongly favour
diversion from and/or minimisation of volumes disposed to LLWR);

1 Enhancing the risk that a second LLWR facility would be required,
which would have substantial impacts; and

9 Cost - in that disposal volume at LLWR is expensive.

Thermal Thermal treatment however would significantly reduce volumes for
treatment disposal, consistent with UK LLW policy and strategy. There is a
particular advantage for co-incineration with hazardous/other wastes that
even the volume-reduced wastes that are returned from LLW treatment
(i.e. ashes etc) would be VLLW/LALLW, or in most cases out of scope /
exempt waste (with return of exempt wastes only for VLLW treatment).
The change in classification of returned wastes is due to mixing with non-
radioactive hazardous waste during the treatment process and the
release of some activity as aqueous/gaseous discharges. The
advantages over no-treatment are also significant for batch processes,
although the small volumes of waste returned would remain LLW (or
VLLW; that is, no change in classification). The produced ashes are at
least in part passivated and thus will have enhanced longevity in the
disposal system compared to non-treated organics as degradable or
volatile aspects of the wastes will have been treated, and relevant
hazardous waste components will also be addressed.

The main trade-offs include:

1 The potential for aqueous and liquid discharges that would need to be
managed within permitting arrangements (which would ensure the
environmental / human health impacts are very limited), including the
potential operation and design challenges associated with the
management of off-gases.

1 If a new plant is required, that could be a significant undertaking with
footprint and resource issues, however for co-incineration processes
in particular there is notable capacity in the market, and a number of
batch incineration alternatives are also currently available.

9 Intrinsic health and safety risks associated with high temperature
processes, but these are routinely managed at such incinerators. On
the other hand, batch processes involving many re-starts would be
more likely to experience problems or risks, as most occur on start-up
and shut-down.

1 Resource use may be an issue for batch processes (that is, sufficient
supply of calorific material is required) but this is much less of an
issue for co-incineration processes, as this is dealt with through
control of feedstock.
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Option Summary

That said, this is a flexible process that is robust to the nature and
timeframes of future arisings, and is commercially proven. Especially for
co-incineration, the fact that there is already a business driver for
hazardous waste incineration and a range of available suppliers implies a
low risk associated with technology availability. For batch incineration, it
was noted that there will be a significant reduction in the UK capability in
2014 as several site incinerators will be taken out of operation; whilst
some capacity will remain, this is likely to be an important consideration
in site-specific studies. Batch processes provided by overseas suppliers
will remain available.

There may be a requirement for a greater number of transports than for
some options involving on-site treatment e.g. low-force compaction,
however the final volume reduction will compensate.

Pyrolysis and in-situ vitrification processes would offer less benefit than
incineration (which could be applied to a large majority of cellulosic
wastes) in terms of aspects including flexibility to variations in waste
types and volumes and (for vitrification) overall volume reduction and
would cost substantially more.

Low-force
compaction
and other
volume
reducing
techniques

Low-force compaction including in-drum compaction and other
mechanical approaches that fall short of supercompaction would offer
benefits over no treatment in terms of volume reduction, although the
advantages would be much less marked than for thermal treatment via
incineration. As a main treatment option, its modest volume reduction is
achieved via portable, relatively flexible approaches (at least, for non
re-assertable wastes) with minimum infrastructure, and can be applied at
the point of arising, reducing the number of transports. However there is
no waste passivation achieved. The cost benefit over no treatment is
notable, but much more limited compared to other options.

It was agreed that in most cases, low-force compaction is likely to be an
enabler to reduce the number of transport operations prior to a main
treatment option. On this basis it was considered that in the statement of
BAT outcomes it should be considered an enabler only. This assessment
was extended to all waste streams.

High-force
compaction

High-force compaction achieves substantially higher levels of volume
reduction than low-force compaction. This is more comparable with
thermal treatments, although the reduction is of the order of 80%, rather
than the 957 100% diversion from LLWR achievable by thermal. On the
other hand, supercompaction avoids the production of off-gases and
aqueous and gaseous discharges. It is proven, available, and relatively
flexible, if not to the same extent as co-incineration. A detracting point is
that it does not achieve the same level of long-term waste passivation as
thermal processes do. There may be a requirement for a greater number
of transports than for some options e.g. low-force compaction at the point
of arising, however the final volume reduction will compensate (although
not as much as for thermal processes).

Chemical
organic
destruction /
oxidation
and related
technologies

Chemical organic destruction/oxidation may or may not achieve volume
reduction depending on the process. The main issue here is that none of
the processes available are mature in terms of demonstrable application
to bulk organic wastes in the UK and significant R&D would be required.
That said, a range of approaches are proven on the smaller scale
(including thermal desorption, which also has the potential to be used for
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bulk wastes where applicable), or on the bulk scale but overseas (e.g.
molten salt oxidation).

It is also not clear whether all of the approaches are flexible and robust to
variations, for example, in waste properties and timeframes for arising.
Some will produce a stabilised output, but other techniques may not. In
any case, there will be resource use associated with the required
chemicals, and maintaining temperature where required by relevant
processes. There will be associated health and safety risks, especially
given these are likely to be batch processes, but these will be
manageable through conventional everyday precautions and procedures.
Any new plant build for bulk wastes will be expensive and involve
footprint/resource issues. Given these issues, the main application area
may be for orphans not easily treatable by the standard available
approaches.

Stabilisation

Not applicable to this class of wastes.

Cellulosics

These main outcomes can be drawn together to present a condensed summary of the
conclusions of the assessment for cellulosic wastes. This summary is presented in
Table 8, together with a similar condensed summary for other waste forms. To avoid
too much repetition, the conclusions for the other waste forms are presented in terms
of the
again based upon the detailed assessment tables presented in Appendix E.

di fferences f r oassesbnert. Thesel conallsions are

Table 8: Overall Summary of Outcomes of the Options Assessment for All Wastes

Waste Type Summary of Assessment

Overall the most notable advantages were related to volume reduction
and in particular thermal processes, and to a lesser extent
supercompaction. There are disadvantages to thermal processes, such
as off-gas management requirements and aqueous and gaseous
discharge production during the treatment process. That said, in the
longer term wastes disposed without the conditioning benefit of thermal
processes will in any case degrade, leading to discharges over much
longer timeframes that will be mitigated by engineering and chemical
conditioning within a disposal facility; however this process will occur
over a prolonged period. Co incineration is also most likely to offer the
lowest-cost lifecycle option once disposal costs are factored in.
Supercompaction also offers volume saving and cost benefits, but not to
the same extent. However, there are reduced discharge impacts. Finally
chemical processes may offer particular benefits for orphans.

For VLLW/LALLW similar arguments apply, however, while minimisation
of volume for disposal remains a key element of the Waste Management
Hierarchy and treatment will offer benefits from the perspectives of
national policy and strategy, the benefits are not as marked as for LLW.
This is due to the wider portfolio of facilities available for disposal, and
the absence of the equivalent significant impacts that would be
associated with the need for any new LLW facility, and associated risks.

Reflecting this, the cost arguments for VLLW/LALLW significantly change
from those for LLW. Treating VLLW/LALLW wastes prior to disposal is
likely to present significantly higher proportional costs than for disposal
alone. Therefore, whilst the principle was accepted by workshop
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Waste Type Summary of Assessment

participants that volume reduction/diversion is important, there is
enhanced scope for making cost/benefit BAT arguments on the basis of
disproportionality.

Such disproportionality arguments will need to be made on a case-by-
case basis as volume reduction benefits and costs will depend very
strongly on the nature and volumes of wastes. It is not therefore either
possible or appropriate to provide strong guidance on this aspect of the
BAT outcome at a generic level. It is relevant however to observe that
some waste producing organisations represented at the main workshop
stated they have decided to volume reduce VLLW/LALLW prior to
disposal where the costs were less than double that for disposal alone,
but the same organisations have not treated such wastes prior to
disposal where the cost difference is significantly higher than this.

Wood Arguments are very similar for wood as for cellulosics. In addition, it is
notable that intact wood content is a restrictive factor for in-drum
compaction (if not shredded) and that the overall volume reduction of
woods in compaction (and even supercompaction) may not be as
significant as for other more easily compressible wastes. This also has
implications for relative cost-savings. It is also notable that available
chemical treatment approaches are not optimised for wood.

Plastics Again, the arguments for plastics are not dissimilar to those for
cellulosics. It is notable, in addition, that plastics can produce organic
contaminants on degradation (e.g. in-situ). Chemical treatment
technologies may help mitigate against this, although (as for other waste
types) such treatments may instead lead to releases via permitted
agueous or gaseous discharges in the shorter-term. Also, some hard
plastics are not suitable for in-drum compaction. As for wood, it also
notable that some of the available chemical treatment approaches would
be very slow to degrade some plastics (with the potential exception of
molten salt oxidation).

Rubbers Arguments here are broadly similar to those for cellulosics, wood and
plastics; the most notable advantages were related to volume reduction
and in particular thermal processes. There is a need to avoid re-assertion
in low-force compaction, and to a lesser extent in supercompaction.
Rubbers are again slow to degrade through most available chemical
treatment options.

Sludges, Compaction options are not applicable to this class of wastes. WAC limits
Flocculants | also mean that bulk disposals of liquid-based wastes are not possible, for
and Liquids | example at LLWR. In addition, any options that involve continued storage
of sludges and other such wastes prior to eventual treatment/disposal will
be problematic due to the difficulties of maintaining storage facilities for
such wastes over prolonged periods. Chemical stabilisation is a plausible
alternative for a limited subset of these wastes (noting oils are covered
separately), but will not achieve any volume reduction, and the
technology is comparatively unproven for bulk treatment in the UK. A
more mature alternative for a subset of these wastes concerns
stabilisation via encapsulation within a cement matrix.

Given these are all organic sludges and liquids, thermal treatment is

likely to offer the most significant volume reduction and flexibility in terms

of robustness to variations in waste characteristics. For bulk wastes, the

arguments on co-incineration and batch incineration recorded for other

waste categories above therefore broadly apply (favouring co-incineration
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Waste Type Summary of Assessment

of relevant wastes). It is also possible that, as for chemical stabilisation,
other batch thermal processes (e.g. pyrolysis) might offer benefits for a
subset of wastes otherwise difficult to treat.

Oils The balance of the assessment outcomes for oils was very similar as for
sludges, flocculants and liquids. Compaction options are not applicable to
oils. WAC limits also mean that bulk disposals of oil wastes are not
possible, e.g. at LLWR. Stabilisation is a plausible alternative, but will not
achieve any volume reduction, and the technology is comparatively
unproven for bulk treatment in the UK. Thermal treatment for oils will
however deliver similar advantages and drawbacks as for other wastes.
Stabilisation within a cement matrix may offer solutions for a subset of
wastes.

6.4.3  Preferred Treatment Options

For each of the assessed waste streams, participants were asked to identify, on a
generic basis, a preferred treatment option that represents a key component of the
overall BAT outcome. A strong consensus emerged, that for each waste stream,
thermal treatment by incineration, ideally through co-incineration processes, should
provide the basis of the BAT outcome.

It was recognised, however, that in practice this generic outcome will not represent
BAT for every site-specific waste stream within scope. The reasons for this are
unpacked further below, and inform the formal definition of the full BAT outcome
presented in Section 7.

The basis for the selection of co-treatment incineration as the generic preferred option
as the basis of BAT reflects the outcomes reported in Section 6.4.2 above. In
summary:

Maximum volume reduction/diversion from disposal,

Flexibility re. variations in input waste characteristics;

Mature, proven process;

Current availability of process and capability;

= =4 -4 —a -

Aqueous and gaseous discharges a key trade-off, but manageable within
existing Permitted limits;

1 Strong cost benefit for LLW (noting reversed for VLLW/LALLW).

Participants identified that the dnext
incineration, which has many of the above benefits, but will achieve less diversion
(due to return of residues of a similar waste classification to the original wastes) and
is subject to capacity uncertainty. Beyond this, supercompaction (for non-liquid
wastes) offers clear benefits, although the volume reduction is not as significant as for
incineration. For liquid wastes and sludges, encapsulation in grout may be plausible.
Finally other treatment options including chemical treatments (chemical oxidation,
molten salt oxidation, thermal desorption) and other batch thermal treatments
(pyrolysis, possibly even in-situ vitrification) and stabilisation of oils merit
consideration, where they can deliver bulk volume reduction, and in particular to help
deal with problematic waste streams e.g. orphans.
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Disposal with no treatment (where acceptable given WAC) was identified as the
option of lowest preference for LLW. However for VLLW/LALLW wastes, it is likely
that strong waste-stream specific arguments for disproportionality of costs could
potentially be made for a significant subset of wastes. Given the assessed importance
of volume minimisation, such BAT arguments will need to be made on a case-by-case
basis.

6.4.4 Relative Importance of Differentiators against Different Criteria in
Identifying BAT

An important component of demonstrating best-practice in BAT is to understand
stakeholder priorities in terms of Oweighti
criteria in informing BAT outcomes. This can be done on an absolute basis in the first

instance, with ranking of criteria on the basis of their fundamental importance.

However it is more helpful, in a qualitative assessment such as this, to understand

how important differences in performance against different criteria are in informing

overall outcomes.

For example, participants in the current BAT process recognised the fundamental
importance of community factors (that is, socio-economic factors such as impacts on
local communities, job creation etc) in waste management decisions. However, this
criterion did not provide any substantial differentiation between options. Therefore,
the outcomes are not sensitive to views on the importance of this criterion.

To understand views on weighting the importance of differentiators noted against
different criteria, workshop participants were asked to identify the differentiating
criteria which they considered the most important in identifying the BAT outcome.
Then, participants were asked to express the relative importance of other
differentiating criteria.’* The primary outcomes of this analysis are summarised in
Appendix F.

In summary, the differentiating criteria weighting analysis indicated that:

q Technical Feasibility, in terms of differentiators associated with consistency
with strategy, availability of technology, robustness and capacity, and
Environmental Impact including consistency with the Waste Management
Hierarchy, and volume reduction/diversion, represented the most important
differentiating criteria.

1 Secondary but also potentially important differentiating criteria were
Financial Cost and Health and Safety.

It was agreed that this weighting, now made explicit, is implicit in the assessment
outcomes presented in Sections 6.4.2 and 6.4.3.

The sensitivity of the BAT outcomes to alternative views on differentiating criteria
weighting was discussed, and the possibility that different stakeholder constituencies
would express alternative priorities was noted. However, in particular for LLW, it was
made clear that many of the main differentiators identified in the assessment
concerning feasibility, environment, cost etc all favour the same option i.e. co-
incineration.

“This is anal ogous t-we iughdteirnt qadk i evxge rac i0ssaviangg of t en
guantitative MCDA assessments.
48



JACOBS Quintessa

The key exception concerns aqueous and gaseous discharges, but the assessment
suggested that given discharges will be controlled to be consistent with existing
treatment facility Environmental Permits, this is not as significant a differentiator as
the other main competing factors. On this basis, it was considered that different views
on the relative importance of criteria are unlikely to lead to substantially different
outcomes. For VLLW/LALLW, this remains true, taking into account the statement
above that cost proportionality issues will typically be taken into account in making
BAT cases for individual waste streams on a case-by-case basis.

6.4.5 Factors that will Influence Adoption of the Generic Preferred Option for
Specific Sites and Waste Streams

The outcomes described above reflect a general preference for incineration (and in
particular, co-incineration) at the generic level, with other options potentially also
offering benefits, with disposal without prior treatment being the least preferred in
principle.

In order to better understand the drivers or modifying factors that might lead to
options other than incineration being identified as BAT for specific sites and waste
streams, workshop participants (who included representatives of waste producing
organisations that will be involved in specific BAT studies framed by the outcomes of
the present process) identified the factors described in Table 9. The aim is to indicate
the areas that might drive specific waste-stream BAT studies away from the generic
outcomes, and therefore to inform the subsequent integration phase (see also
Section 7.2).

Table 9: Drivers or Modifying Factors that Might Lead to BAT Studies for Individual Sites or Waste
Streams Identifying Outcomes other than the Generic BAT

Drivers or
Rationale

Modifying

Factors

Practicability
of employing
enabling

technologies

This recognises that in order to ensure the feedstock will meet
treatment facility WAC, it is necessary to first employ enablers that
implement (for example) necessary sorting, segregation and
characterisation steps, consistent with the arguments highlighted in
Section 4. Practicability in this sense reflects availability and
effectiveness of enablers, and any potentially disproportionality in on
site process costs.

Difficulty in
meeting WAC
constraints

More broadly it may be challenging to meet the WAC of treatment or
disposal facilities. Factors that might cause difficulties include: activity
limits; non radiological/hazardous waste components (for example,
asbestos); safety/ALARP issues with treating particular wastes.

Availability of
Permitted
facilities

Reflecting that obtaining Permits to treat relevant wastes can be
challenging, and indeed existing facilities can lose Permits (by choice
or by change in regulation). Availability of Permits could therefore be a
constraint.

Capacity of
the market

In general the capacity of the market, on a longer-term basis or on a
short-term batch basis, is a key issue. There will be peaks in demand
for treatment services during decommissioning; there is more
confidence in available and continuing capacity for such peaks for
some treatment processes than for others. For example, batch
incinerator capacity in the future will be limited compared to the bulk
treatment capacity of co-incineration.
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Rationale

Wastes not Some wastes might be probl emat.i
amenable to treat. In this case, the choice of potential treatment technique may be
certain significantly constrained.

treatments

New waste This recognises that is possible that waste treatment routes could
treatment become available that would influence judgements on BAT for
plants individual waste streams. A hypothetical (if apparently unlikely)
become example would be if a bulk chemical oxidation plant became available
available in the UK within the next 5 years that demonstrates a waste volume

reduction of a similar order to incineration.

Challenges in
transporting

It is possible that some wastes could be problematic to transport in
their raw form, and on-site treatment facilities could be limited.

raw wastes

Proximity Factors such as transport risks, nuisance and costs associated with
within UK, and | accessing a distant facility may be relevant to identifying BAT for
transfrontier specific wastes. Demonstration of BAT will involve additional
shipments challenge if a preferred facility is located overseas.

Local socio- These factors may have a specific influence of importance for an
economic, individual site or waste stream. For example, creating or using a
planning or particular facility may be difficult from the perspective of local planning
6pol i ti|controls or other stakeholder views, or accessing a particular facility
factors could involve transport-related impacts on a local community.

Waste It is considered unlikely to be a problem, but it was noted that

concentration

concentration of high-end LLW to ILW through batch incineration
would need to be avoided.

Packing into It is possible that some wastes could remain untreated if a more

waste efficient use of disposal container volumes is to use them for void-

disposal filling packing around other wastes in disposal containers, thus

containers maximising container volume utilisation and reducing the volumes of
void-filling grout required (in the case of LLW disposal at facilities such
as LLWR).

Changes in Recognising the possibility that the strategy, policy and regulatory

national requirements identified as framing the present BAT study could

strategy, change, influencing future decisions.

policy or

regulatory

requirements
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7 Overall BAT Process Outcomes

7.1 Summary of Main BAT Outcomes

A schematic showing the overall BAT process outcomes is provided in Figure 4. This
summarises the generic BAT outcomes for treatment of organic LLW and VLLW
wastes within the UK. It highlights different routes from waste generation to disposal,
covering the key elements of the waste management strategy.

For each waste tegpredd hmaiomotsit e ptrrmadnt oopti o
those wastes is central to the generic BAT outcomes. In particular for wastes which

are suitable for volume reduction by thermal processes, incineration, ideally through
co-incineration, provides the basis of the generic BAT outcome.

The schematic also recognises that individual waste-stream or site-specific factors
might mean that subsequent BAT studies identify an option other than the generic
BAT option as being preferred for specific sites or wastes. A hierarchy of options is
therefore presented in the schematic.

Key details of the generic BAT outcomes for each key element of the management
strategies identified are summarised in Table 10. This includes highlighting the
rationale for the hierarchy of main treatment options and indicating considerations
when identifying site- and waste- specific BAT options from the hierarchy. The
outcomes and rationale are based upon the more detailed statement of assessment
outcomes presented in Section 6.
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Figure 4: BAT Outcomes Summary Schematic
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Table 10: Generic BAT Outcomes for Each Waste Management Strategy Element

Element Generic BAT Outcomes

Enabling technologies are a key feature of any organic LLW or VLLW
waste management strategy. Examples include sorting, segregation,
characterisation and low-force compaction, shredding and size
reduction approaches. Optimisation of these elements of a
management strategy is required to enable the efficient use of
treatment technologies to achieve waste diversion, volume reduction or
passivation. However, the choice of enabling approaches will depend
on the specific nature of a waste stream and site arrangements.
Therefore, no further guidance can be provided at the level of a national
generic BAT.

Main
Treatment
Options

The outcomes of the assessment of main treatment technology options
reflect a general preference for incineration at the generic level, with
thermal treatment by co-incineration offering more advantages than
batch incineration. This is followed by supercompaction as the next
option in the hierarchy.

Other approaches including encapsulation of oils, chemical oxidation
and stabilisation treatments and other thermal options may provide
volume reduction or passivation options for some wastes that are
otherwise difficult to treat. Such approaches may be particularly
applicable to orphans that would otherwise not be disposable.

Disposal with no treatment (where acceptable given WAC) was
identified as the option of lowest preference, unless a strong waste-
stream specific BAT argument for disproportionality of costs can be
made (e.g. for specific VLLW/LALLW wastes).

While a preference for incineration is the baseline assumption for
incinerable wastes, a waste-stream specific study might identify a
different option in the hierarchy outlined above as being BAT. This
could reflect, for example; difficulties implementing necessary enabling
technologies; difficulty in meeting treatment facility WAC; facility
availability or capacity constraints, or another factor (see Section 6.4.5).

Location of
Treatment

Treatment within the UK is preferred in principle, consistent with
considerations such as the Proximity Principle. However it is recognised
that BAT cases can be made for treatment overseas in a range of
circumstances e.g. limited treatment capacity in the UK. The choice of
treatment facility within the UK is a site-specific consideration.

Location of
Disposals

Disposal within the UK is assumed, consistent with LLW strategy and
policy. The choice of disposal facility within the UK is a site-specific
matter, although options are limited for LLW above LALLW and
comprise only LLWR, or the Dounreay LLW facilities for DSRL and
Vulcan wastes. Disposals of wastes beneath the LALLW limit will make
use of VLLW/LALLW and exempt/out-of-scope facilities as far as
practicable (i.e. wherever WAC allow). Aqueous and gaseous effluents
will be managed consistent with the Permits of relevant treatment
facilities.

7.2 Wider Inputs to the Integration Phase

Al ongside the main outcomes of the 6te
wider issues were considered and recorded during its execution which will inform
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considerations during the process of integrating the BAT outcomes into a formal
National Strategy. These are summarised below.

7.2.1  Sensitivity of BAT Outcomes

The main differentiators identified in the assessment across relevant criteria groups
all favour the same option for LLW, i.e. co-incineration. The exception concerns the
potential for aqueous and gaseous discharges, but as they will be limited by existing
facility Permits they were evaluated as presenting a less significant differentiator than
other factors such as waste volume minimisation and diversion from disposal.
Assessment outcomes therefore indicate that plausible differences in views on the
relative importance of such factors are unlikely to lead to substantially different
outcomes. That is, the outcomes are relatively insensitive to views on the importance
of different criteria that will also reflect important factors in the integration phase.

This rationale will also remain valid if other wastes out of the present scope are
considered in the future (e.g. new build wastes, as discussed in Section 2), as all

di fferentiating arguments point in the sam¢
category in the existing organic waste inventory projections, reflecting present
uncertainty in form, as there is confidence that at the point of generation (during
decommissioning) they will be identified as falling broadly within one of the existing

waste categories.

For VLLW/LALLW, this remains true, taking into account that cost proportionality
issues will typically be addressed when making BAT cases for individual waste
streams on a case-hy-case basis.

7.2.2  Timeframes for the Strategy

The primary focus of the National Strategy to be developed is on the next 5 years,
after which the strategy is again scheduled for review. However the strategy also
needs to address the longer-term to help make sure that opportunities are identified
and risks understood and managed.

One perspective on the longer-term identified during the BAT process is that several
technologies offer the potential to provide benefit in the longer-term, but are not
sufficiently understood or robust at present to feature in the main BAT outcomes.
These include:

1 The potential wider (e.g. bulk waste) use of technologies grouped in the BAT
study wunder 6Chemical Oxidation / Dest
dealing with problematic wastes, including chemical/solvent oxidation, molten
salt oxidation, and thermal desorption.

1 The possible value of pyrolysis or in-situ vitrification technologies for specific
wastes.
1 Plasma technologies were screened out on the basis of it not being plausible

that a plasma plant would be implemented for organic wastes alone.
However, if a plasma plant is to be created for other radioactive wastes (e.g.
PCM) with a wide feedstock envelope then an opportunity for treating
LLW/VLLW wastes via the same process may be realised.

1 Gasification pyrolysis, biodegradation, and microwave decomposition were
all identified as technologies that are not sufficiently developed or robust for
direct consideration in the main BAT assessment. It may be worth keeping a
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6wat c hi n gher,for poterdial @msideration in future iterations of the
strategy.

Costs

A high-level evaluation of costs was considered appropriate to establish related
differentiators given the generic nature of the assessment reported in this document.
This utilised resources such as the LLWR cost norms and broad estimates of relative
costs for relevant treatment processes and disposal facilities. Participants noted that
a more detailed framework for cost evaluations will be required for future processes
including site- or waste-stream specific BAT studies. It was noted that for future
consistency and to ensure that cross-site integration opportunities are identified and
realised, the approach to further cost evaluation should be a consideration in the
integration phase of the study.

Other Considerations for Implementation of the BAT Hierarchy

The main BAT outcome described above captures a hierarchy of options, and the
detailed discussions in Section 6.4.5 describe factors that might push site- and waste-
stream specific BAT studies down the hierarchy. Related to these factors, key issues
to consider in the integration phase at the strategic level include:

Recognition of the importance of enablers in opening up treatment routes for
specific sites and wastes.

Ensuring continuing capacity provision (noting that, for example, UK on-site

batch incineration capacity will be reduced in 2014, although this risk may be
considered mitigated by confidence in the availability of higher capacity

off-site co-incineration facilities) . Management oiff Or esl caet neadr
risks.

Monitoring opportunities for integration across waste-streams and sites
(PCM, as noted above, being one example).

The need to continue studies and potential treatment technology
development for problematic wastes including orphans.

The need for effective engagement with regulators, planners and other
stakeholders at a local level in developing site-specific strategies.

Keeping a watching brief on national strategy, policy and regulatory
requirements.

Next Steps

It is beyond the scope of the current document to go beyond the present generic BAT
outcomes and identify key elements of the UK-wide and ensuring site-specific
strategies that are to be subsequently developed and implemented, taking account of
the generic analysis presented in this study.

The BAT outcomes identified in this document, together with the associated rationale
and identified wider considerations for integration into formal strategy, will be taken
forward into a development process to be co-ordinated by LLWR Ltd. It is this process
that is intended to lead to development of a formal National Strategy.
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Appendix A Pre-screening Long-list

Table A - 1: Main Treatment/Management Technology Options

Options Notes

Compaction options:

Supercompaction Use of WAMAC style supercompaction to enable
significant volume reduction producing compacted
pucks for disposal

Compaction Compaction using approaches other than WAMAC high-

force compaction, most likely in-drum compaction e.g.
of shredded material.

Thermal treatment options:

Incineration

High-temperature incineration with generation of a small
volume of ashes/residue for disposal (typically returned
for disposal via stabilisation within grout, added at
containerisation stage, for batch incineration processes,
or disposed as VLLW / LALLW at a suitably licensed
site for co-incineration)

Pyrolysis

Heating in vacuum leading to off-gases and ceramic-like
solid residue/slag

Plasma

Targeted high-temperature treatment leading to off-
gases and glass-like solid residue/slag

Vitrification

High-temperature treatment leading to off-gases and
glass-like solid residue/slag

Other treatment options:

Vacuum
packing/treatment

For volume reduction and control of loose wastes

Biodegradation e.g.
anaerobic digestion,
composting

Anaerobic or aerobic breakdown of organics leading to
off-gas generation and solid residue

Chemical organic
destruction/oxidation

E.g, by dissolution with solvents or reaction to convert to
off-gases and solid residue. Also includes molten salt
oxidation. Evaporation may be part of relevant
processes.

Thermal desorption

Thermal desorption aims to recover hazardous organics
from contaminated wastes, rendering the residue non-
hazardous and suitable for landfill disposal. It works by
driving off volatiles (e.g. oils and solvents) for separate
treatment.

Micro-wave
decomposition

Use of microwaves to achieve similar result to chemical
destruction

Cryogenic crushing

Supercooling to facilitate crushing via a hammer mill for
overall volume reduction

Plastic melting

Primarily for size reduction reasons

Shredding

Size reduction by cutting into small pieces, often
followed by compaction (e.g. low-force in-drum
compaction)













































































































