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Executive Summary

Low Level Waste (LLW) Repository Ltd established and leads a UK-wide integrated National
Waste Programme (NWP) on behalf of the Nuclear Decommissioning Authority (NDA) to
implement the National LLW Strategy for the nuclear industry; extend the life of the repository;
obtain overall cost savings for LLW management; and enable hazard and risk reduction across
the nuclear industry.

A growing area of interest for the nuclear sector is the management of problematic wastes.
These are wastes for which there is no defined or available waste treatment or management
route, or those for which the available route is significantly sub-optimal. One waste type of
significant concern to the Lower Activity Waste (LAW) management community is waste which
conforms to the definition of a discrete item and exceeds the relevant numerical discrete item
limits, as laid out in the LLW Repository Ltd Waste Acceptance Criteria (WAC).

A discrete item, as defined in the WAC documentation,isfia di st i nct i tem
characteristics, is recognisable as unusual or not of natural origin and could be a focus of
interest, out of curiosity or potential for recovery and recycling / re-use of materials, should the

of

wastei t em be exposed after repository closureo.

As discrete items which do not meet the activity limits specified in the WAC cannot be managed
via the LLW Repository, they can result in management as intermediate level waste (ILW), either
because there are limited alternative options available, or because of the waste producersd
perception that this is the case.

This study develops a list of credible options which might be used for the effective management
of these items, and forms the basis for more detailed assessments at a later stage, if this is
deemed appropriate.

An inventory was provided based on information from waste producers. The inventory has been
divided into three main waste groups:

1. Metals with simple geometries and predominantly accessible surfaces;

2. Metals with complex geometries and inaccessible surfaces;

3. Cemented drums.

Discrete items that fail to conform to the WAC may be managed either by modifying the physical

form (e.g. shape) of the object so that it no longer qualifies as a discrete item of waste, or
reducing the total activity of the item so that it is within the relevant discrete item activity limits.*

! The cutting or dismantling of a waste item with the sole intention of reducing its weight or specific activity
to meet the discrete item limits in the WAC is prohibited by the WAC. Physical modification in the context
of this report is that which makes the item no longer unusual or a focus of interest, rather than changing its
radioactive properties.
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Having this in mind, a long list of seventeen potential technologies and management approaches
was developed and grouped into four main categories (size reduction, decontamination, thermal
treatment and other approaches), as presented in Table ES-1.

Table ES-1: The 17 identified technologies

Technology type Technologies
Size reduction i
shredding/crushing

Shredding, Jaw crusher, Supercompaction

Size reduction i mechanical . . . .
Circular saw, Wire saw, Reciprocating saw

cutting

Size reduction i thermal cutting | Torch cutting, Plasma cutting, Laser cutting
Decontamination Chemical decontamination, Physical decontamination
Thermal treatment \I\;Ii?rtiﬁlczr;ieglgng, Incineration, Plasma arc processing,
Other approaches Disposal elsewhere, Decay storage

The long list of options has been subjected to an initial screening assessment process using the
following criteria:

Effectiveness (waste group-specific);

Nature and disposability of resulting product;

Impact on worker and environmental safety from technology use;
Nature and disposability of secondary wastes;

Preliminary technology readiness; and

o gk~ w b

Availability to the UK industry.

The assessment process was carried out at an expert workshop attended by key representatives
of the waste producers, the NDA, Radioactive Waste Management (RWM) and LLW Repository
Ltd. The process allowed for a number of options to be screened out, leaving those that offer a
credible treatment to be carried forward for further study.

The screening process was performed using a Red, Amber, and Green (RAG) scoring system,
to assess each technology against each waste group. Where a technology scored red against
any one criterion, it was screened out. Technologies scoring green and amber were all carried
forward as credible options.

As shown in Table ES-2, the assessment identified a number of credible options for each waste
group, with the cemented drums waste group having the lowest number of credible options. A
number of options were assessed as being credible for all three waste groups, namely
shredding, wire saw, plasma arc processing, vitrification, disposal elsewhere, and decay
storage.
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Table ES-2: Summary of the assessment of credible options

Waste group
Technology Metals: simple | Metals: complex | Cemented
geometries geometries drums
Shredding V V V
Jaw crusher X X V
Supercompaction X X X
Circular saw X X X
Wire saw \% \% \%
Reciprocating saw \% \% X
Torch cutting V V X
Plasma cutting V V X
Laser cutting \% \% X
Chemical V V X
Physical \% X X
Metal melting \% \% X
Incineration X X X
Plasma arc processing Vv V V
Vitrification Vv \% \%
Disposal elsewhere V V V
Decay storage \% \% \%

V technology credibly applicable to a specific waste group

X technology not credibly applicable to a specific waste group

Following the assessment, a gap analysis was carried out to identify gaps or research and
development needs that may preclude or impact on the applicability of the technologies to the
waste groups. This analysis identified that some credible technologies (e.g. shredding, plasma
arc, vitrification) can be used against all identified waste groups but would require further trials
and testing against the identified waste groups.
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1. Introduction

Low Level Waste (LLW) Repository Ltd established and leads a UK-wide integrated National
Waste Programme (NWP) on behalf of the Nuclear Decommissioning Authority (NDA) to:

1 Implement the National LLW Strategy for the UK nuclear industry;
9 Extend the life of the repository;

9 Obtain overall cost savings for LLW management;

1

Enable hazard and risk reduction.

A growing area of interest for the nuclear sector is the management of problematic wastes.
These are wastes for which there is no defined or available waste treatment or management
route, or those for which the available route is significantly sub-optimal. One waste type of
significant concern to the lower activity waste (LAW) management community is waste which
fails to conform to the discrete item' criteria specified in the LLW Repository Ltd Waste
Acceptance Criteria (WAC) [1].

Wastes breaching the discrete item limit were also identified by waste producers as the highest
priority problematic waste in 2015/2016 and, recognising the limitations in granularity of the
inventory data available for such wastes, as such a discrete items inventory, separate from the
problematic waste inventory, was compiled®. LLW Repository Ltd produced a summary of this
inventory in 2016 [2]. This is discussed further in Section 2.

LLW Repository Ltdbés Envi r oenmseaenaaos in 8hicl, amthglonGa s e

term, due to the coastal erosion or excavation of items during human intrusion, a person can
encounter a discrete item of radioactive waste which has been disposed at the LLW Repository
(LLWR). The results from the assessment made in the ESC provide the basis for WAC for
disposal of discrete waste itemstothe LLWR6s engi neered vaults.

The potential radiation doses to persons who encounter discrete items of radioactive waste
disposed in the LLWR were assessed by LLW Repository Ltd in 2013 [3]. The results from the
assessment were used to provide a basis for the WAC for disposal of discrete waste items to the

Y In this report the use of italics for the term discrete item or discrete item limits indicates that the item
(object or waste) referred to cannot currently be disposed at LLWR without some form of treatment owing
to its physical and radiological properties. These are laid out in the WAC.

%It is recognised that a transition between the fourth and fifth issues of the LLWR WAC occurred between
prioritisation of problematic waste in FY15/16 and this study. The April 2016 iteration of the LLWR WAC
changed a number of the radionuclide groupings in the discrete item definition which has enabled a wider
range of waste, which previously would have failed the discrete item limits, to be safely accepted for
disposal at the LLWR.
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LLW Repositorybés engineered R®aulWAL ow Beget Wasen L 3.
(LLW) disposal [1] concerns discrete items.

As these types of wastes cannot be managed via disposal to the LLW Repository (LLWR), they

may be managed as intermediate level waste (ILW), either because there are limited alternative

options available, orbecaus e of the waste producer sdThseancept i
result in significant additional cost and the need for long-term storage pending the availability of

disposal facilities. This study develops a list of credible options which might be used for the

effective management of these items, and forms the basis for more detailed assessments at a

later stage if this is deemed appropriate. These credible options are based on the definition of

discrete items in the WAC and which result in the waste being rendered into a less recognisable

form.

1.1. Background

The discrete item, as defined in the WAC documentation, means fa distinct it
by its characteristics, is recognisable as unusual or not of natural origin and could be a focus of
interest, out of curiosity or potential for recovery and recycling / re-use of materials, should the
waste item be exposed after repository closurebo.

The WAC also defines radioactivity limits for discrete items: the activities and specific activities
of individual discrete items must comply with the following sum of fractions:

PQA/DIL + Qgi/DlLa; + Qgo/DlLg, + Qe/DILc O |, 1

where Qy is the total activity or specific activity of group N radionuclides and DILy is the Discrete
Item Limit for that group, depending on the mass of the Discrete Item.0

The groups of radionuclides are presented in Table 1 and the discrete items limits for these are
presented in Table 2 [1].

Table 1: Radionuclide groups for limiting discrete items

Group A Nb-94; Ag-108m; Sn-126; Ra-226; Th-229; Th-230; Th-232; Pa-231; Np-237; Am-243;
Cm-247; Cm-248; Cf-251.

Group B1 [-129; Pu-238; Pu-239; Pu-240; Pu-242; Am-241; Am-242m; all alpha-emitting
uranium isotopes; Cm-245; Cm-246.

Group B2 C-14; CI-36; Ca-41; Sr-90; Zr-93; M0-93; Tc-99; Cs-135; Cs-137;
Pb-210; Ac-227; Pu-241; Cm-243; Cm-244; Cf-250.

Group C H-3; Co-60; Ni-59; Ni-63; Nb-93m; Sm-151; Eu-152; all radionuclides with half-life
shorter than 10 years; most radionuclides with half-life shorter than 20 years.
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Table 2: Discrete item limits

Radionuclide Mass 1 kg or less Maas:dbleév(\)/(la((;n 1 Massrtg?elig or
Group A 0.001 GBq 1 GBqgft 0.1 GBqg
Group B1 0.01 GBq 10 GBqft 1 GBq
Group B2 0.3 GBqg 300 GBqg/t 30 GBq
Group C 1 GBq 1000 GBq/t 100 GBq

Some examples of discrete items are given in the WAC documentation, and they can vary from
smaller-sized waste (hand tools, engineered items and equipment of durable materials) to larger
items such as grouted drums of waste or even large metal items (steel beams and plates,

pipework, shielding, heavy equipment and flasks).
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2. Waste inventory

The LAW inventory that would be expected to breach the discrete item limits was provided by
LLW Repository Ltd. This inventory was constructed based on information provided by the waste
producers and comprises 74 waste streams. More detail is presented in Appendix 1 of this
report. An Inventory Summary Report [2] has also been developed by LLW Repository Ltd and
was also used as a starting point for this study.

The inventory has been developed and divided into four main groups, based upon their
characteristics (waste form, weight and size, radiological characteristics). The four groups were
developed to cover all types of materials in the inventory. This way, the emphasis is on the main
physical characteristics and the assignment of individual items into one group or another will not
have a significant impact on the assessment.

Evaluation of the inventory data, specifically generated for this study, has shown that there is a
lack of characterisation for many of the items in the inventory that have been defined as discrete
items. It is likely that when these items are more adequately characterised, a significant
proportion may be found to be outside the definition of wastes failing the discrete item limits and
therefore to be suitable for disposal without further treatment. Conversely, it is possible that
ongoing characterisation of wastes will identify other waste items, and different populations of
different waste types, that do not comply with the discrete item limit.

The identified waste groups are as follows:

1. Metals i simple geometries and predominantly accessible surfaces

These are metallic wastes that can be characterised by having a simple geometry where all the
itemsoésurfaces are accessible (without inner voids). Many of the items present in the inventory
are heavy duty metallic wastes.

Some examples of the wastes within this group are: framework, bars, plates, containers, skips,
trolleys, rams and bogies, and magazine bodies.

2. Metals i complex geometries and inaccessible surfaces

These are more durable and physically robust metallic objects with complex geometries, usually
formed from multiple parts joined together, which results in many of the items having
inaccessible surfaces or internal voids.

Some examples of the wastes within this group are: pipework, pumps, flowmakers, crane parts,
filters, and heat exchangers.

3. Drums containing cemented waste

These are metallic (mild steel) drums that contain cement-encapsulated waste, such as water
treatment sludges. Another type of waste within this category would be metallic drums that
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contain cement-encapsulated items of waste, such as metallic filters. These wastes were not
identified within the inventory itself, but from discussions held with waste consigners and with
LLW Repository Ltd. These types of waste were included in the assessment for this group, with
any differences from drums containing cemented sludges highlighted as necessary.

4. Sources

This group contains radioactive sources that are either encapsulated within a metallic structure
and those that are identified within the inventory as including cement, sand, paper and/or plastic,
rather than metal.

During the assessment workshop it was acknowledged that as lower activity sources have their
specificcri teria and |l imits in LLWRG6s WAC, they wil|
they breach the source limits in the WAC, they would not be accepted at the LLWR, irrespective

of the discrete item limits. Because of this, it was agreed that this waste group should not be

carried forward to the assessment. It was noted that some waste routes for lower activity

sources exist T either for re-use or management 1 and that some sources remain problematic

waste as these routes are not suitable. Issues relating to the management of problematic

sources, and work to identify and support implementation of waste management solutions for

these wastes, will be coordinated through the work of the ongoing Problematic Waste Integrated

Project Team being led by RWM and LLW Repository Ltd on behalf of NDA.
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3. Identification of technologies and management approaches

This section identifies a number of proposed technologies and approaches for the treatment of
LAW that fail to conform to the LLWR discrete item criteria.

Discrete items that breach the WAC limits may be managed either by modifying the physical
form (e.g. shape) of the object so that it no longer qualifies as a distinct item of waste, or
reducing the total activity of the item so that it is within the discrete item activity limits. Having
this in mind, a long list of proposed approaches was developed and is presented below, with a
detailed description of each presented in Appendix 2 as separate datasheets®.

To facilitate the assessment process, technologies were grouped into one of four main
categories:

9 Size reduction technologies: these involve techniques such as cutting, compressing or

shredding the item of waste so thatitis no longer @iscrete6 as i s def i(heed i

is no longer an item that could be a focus of interest).*

1 Decontamination technologies: these reduce the activity of the waste item so that it is
below the relevant WAC limits.

1 Thermal treatment technologies: these aim to modify the physical shape of the item of
waste and also reduce its activity so that the item is no longer @liscrete6 a s d etHei
WAC.

9 Other approaches: these approaches may also be effective in managing the challenges
presented by the discrete items.

3.1.  Size reduction technologies

These technologies reduce the size of items of waste, by shredding, crushing, cutting or
otherwise segmenting a large body into smaller items. Depending on the type of waste and the
precise method used, size reducing these wastes is intended to change the waste into a less
recognisable f or m t hat woul d nodi shkce et d&sadsfisteatdm Gree SNVAG
documentation (i.e. is no longer an item that could be a focus of interest).

® The technical datasheets were developed and researched ahead of the stakeholder workshop used to
assess the technologies, using specialist contractor resource, to provide underpinning background
technical information on the different technologies and approaches.

* The use of size reduction technologies for the sole intent of reducing the specific activity of the item to
conform to the radioactivity limits for discrete items is prohibited by the LLWR WAC. The use of size
reduction techniques in this context is to transform items that fail the discrete item limit into wastes which
are no longer deemed to be unusual or with the potential to be a focus of interest.
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The range of size reduction techniques may be categorised further by method used:
shredding/crushing, mechanical cutting, and thermal cutting.

Size reduction i Shredding / crushing techniques

1 Shredding i This uses mechanical equipment to reduce the size of individual items waste.
Cutter wheels intermesh and are used to tear apart the waste which is trapped between the
wheels. The capacity of the shredder will be determined by the feeding and cutting systems.

9 Jaw crusher i These use considerable compressive force to break up hard, brittle and
tough materials. The mechanical pressure required to crush the material is achieved by two
jaws in a AVvo alignment, of which one is fixed

1 Supercompaction i In this case a vertical compaction unit is employed into which drums
are fed from a roller conveyor. Within the compaction chamber, a hydraulic ram exerts a high
compressive force to crush the drums into épucl

Figure 1: From left to right, a shredder [4], a jaw crusher [5] and a supercompactor [6]

Size reduction i Mechanical cutting techniques

A Circular saw i This uses a round, toothed blade which rotates at high speed to cut through
materials, leaving a straight and accurate cut.

A Wiresaw i Alengthofwireis bound either around (O6pull cutt
the material being cut. The wire cuts through the material as the result of abrasion due to
the wire moving at a high speed.

A Reciprocating saw i This uses a mechanical method to achieve cutting through a push
and pull movement of a saw blade.
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Figure 2: From left to right, a circular saw [7], a wire saw [8] and a reciprocating saw [9]

Size reduction i Thermal cutting techniques

A Torch cutting i Aflameisusedto heat the met al being cut to
(below its melting point), before an oxygen jet is turned on to instigate a vigorous
exothermic reaction that results in the formation of slag. The oxygen jet blows the slag
away, allowing the jet to pierce through the metal and continue cutting.

A Plasma cutting i A direct current arc between an electrode and the conducting metal to
be cut is established. The arc is established in a plasma gas and as the flow of this gas
through the nozzle is increased, the penetrating plasma jet cuts through the metal.

A Laser cutting i This uses a focused laser beam to melt material from a localised area and
cause it to flow away. Once the material is completely pierced, the cutting process can
start. A gas jet is used to eject the molten material from the cut.

Figure 3: From left to right, torch cutting [10], plasma cutting [11] and laser cutting [12]

3.2. Decontamination technologies

Decontamination technologies remove radioactive contaminants from the waste. In this way a
di s cr et actvitytcan fiedreduced sufficiently for it to be within the WAC activity limits for
disposal at the LLWR, and possibly even be suitable for disposal as fOut-of-Scoped material (or
VLLW or low-activity LLW).

These technologies may be grouped into chemical/electrochemical and physical/mechanical
methods:
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1 Chemical/electrochemical techniques 1 These are effective in removing radioactive
contaminants from waste by means of one or more chemical agents, such as a detergent,
oxidising agent or acid. The category includes electrochemical decontamination in which the
chemical processes are assisted by an electrical field. In both cases, considerable volumes
of secondary wastes will be produced and will require treatment.

The use of complexing agents during the process of chemical decontamination of wastes
may introduce challenges as such materials can have a negative impact on the disposability
of the resulting product or secondary wastes. This is because the presence of complexants
in wastes is severely limited by the LLWR WAC.

Acid digestion was also considered as a separate chemical method which is used to
completely dissolve wastes. Even if this method could be used for treating metals, it was not
considered practicable for metallic waste items of any significant size. In operation, the
technique would generate substantial volumes of secondary acidic waste that would need to
be treated. Accordingly, the decision was made not to carry forward acid digestion to the
assessment.

1 Physical/mechanical techniques i These work by removing the radioactive contaminants
from waste by means of a physical process, such as scrubbing, abrasive blasting or water
jetting. As for chemical decontamination, considerable volumes of secondary wastes will be
produced.

Figure 4: Chemical decontamination (left i acid bath [13]) and physical decontamination (right i abrasive
blasting [14]) techniques

3.3.  Thermal treatment technologies

Thermal techniques use high temperatures to melt, burn, vitrify, or vaporise wastes. Many of the
radioactive contaminants that would be released are then captured in the treatment plant off-gas
systems and become secondary wastes. Depending on the technology, the typical products
from thermal processes should be capable of being disposed without any significant further
treatment.
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The thermal technologies considered in this study were metal melting, incineration, plasma arc
processing, and vitrification.

A

Metal melting i This works on the principle that when metal is melted, different
radioelements will migrate to the slag, to metal ingots or off-gases, depending on the
properties of the element. This partitioning effect, potentially when combined with the co-
treatment of higher activity (discrete item) metal with lower activity metal, would give rise to
metal ingots that can be re-used or could be disposable.

Incineration T This involves an exothermic reaction process which uses heat and oxygen
to destroy or transform waste through combustion. The process produces ash containing
the radionuclides that cannot be treated in the off-gas system.

Plasma arc processing i This uses an electric arc to generate temperatures in excess of
20,000 °C. This causes the molecular structure of the wastes to break down and form a
granular slag. Glass frit can be added to the feedstock to produce a vitrified wasteform.

Vitrification 1 In this case the feedstock is combined with glass forming compounds at a
high temperature to produce a solution of radionuclides within a molten glass matrix. This
would then be poured into a container to form a monolithic block.

Figure 5: A metal melting facility (left) [15] and an incineration facility (right) [16]

Propane torch Drum feeder l ' ' '

Drum
rotating unit

Plasma torch

Waste and
vitrification medium

Outflow of
Mould of molten mass
vitrified waste via outlet in base

Figure 6: Plasma arc processing (left) [17] and in-container vitrification (right) [18]
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3.4. Other management approaches

This subsection covers a range of other, more operational approaches for the management of
discrete items. These comprise diverting the wastes that would conform with the definition of a
discrete item, or breach discrete item numerical limits to another disposal facility or to a decay
store.

A Disposal elsewhere i In this case the discrete items would be taken either for
near-surface disposal in a purpose-built disposal facility> or for disposal in a
Geological Disposal Facility (GDF), as currently planned in England and Wales for
the disposal of higher activity wastes.

A Decay storage i Here the discrete items would be taken for storage in a suitable
facility, with the intention that they would be retrieved at a later date, when their
activity levels have decayed sufficiently, so that they conform with the discrete item
limits or if other management routes that are available.

Figure 7: A geological disposal facility (left) [19] and a decay storage facility (right) [20]

® The disposal facility at Dounreay does not specify limits for discrete items, so it could, in theory, accept
these types of waste as long as they conform to the other WAC for this facility. However, it is recognised
that the use of the Dounreay facility is strictly limited by Scottish Government policy and the
Environmental Authorisation for the Dounreay facility to wastes arising from Dounreay or MoD Vulcan;
and as such there is no latitude to the use of this facility for such wastes arising elsewhere in the nuclear
industry.
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4. Assessment criteria and methodology

The aim of this study was to identify technologies or management approaches that would

provide a credible means of treating LAW items that arise for disposal, that breach the physical

form criteria of a discrete item and/or exceed the numerical discrete items limits. Hence, the
assessment performed in this study evaluated whetheran i denti fi ed potenti al
used for treating at least one of the identified waste groups.

Having identified a long list of potential treatment or management solutions, screening criteria
were applied to eliminate the options that were unlikely to be feasible against a certain waste
group. The identified assessment criteria were:

1. Effectiveness (waste group-specific)

This criterion evaluated how effective an identified treatment technology was likely to be
against each of the waste groups that have been defined in Section 2. This was a high level
(or preliminary) screening criterion such that, if a technology was found to be ineffective
against discrete items within a specific waste group, it was assigned a score of red and
therefore no further assessment of that technology against that waste group was required.

2. Nature and disposability of resulting product

This criterion provided a measure of the disposability of the product arising from the
treatment of discrete items within a waste group, using a specific technology. The governing
issue here was whether the product remained a discrete item after processing and/or would
require further treatment prior to disposal.

3. Impact on worker and environmental safety from technology use

This criterion provided a measure of whether a technology could be operated safely within a
specific waste group, in the context of both workers and the environment. This highlighted
any safety concerns that were judged to be too challenging to manage satisfactorily, e.g. as
to whether there were ALARP issues.

4. Nature and disposability of secondary wastes

This criterion provided a measure of the quantity of secondary wastes that may arise when
the technology was applied against a certain waste group, and also the challenges that
would need to be overcome to treat any secondary waste produced, before it could be safely
managed or disposed.

5. Preliminary technology readiness

This criterion provided a measure of the stage of development of a given technology, and
whether it has developed sufficiently to be employed at an industrial scale for nuclear
decommissioning or in another regulated industry.
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6. Availability to the UK industry

The criterion reflected whether a given technology for the purpose of treating items of
radioactive waste is available to the UK nuclear industry now or will be available in the very
near future (within 5 years).

The assessment to identify credible options for treating discrete items was carried out using a
Red, Amber, and Green (RAG) scoring system. How these colours were defined for this
assessment against each criterion is presented in Table 3.

The assessment was carried out by evaluating the performance of each technology against
each waste group for each criterion in turn. The logic adopted was that a technology would be
retained for the next stage of the evaluation unless it was assigned a red score against any
criterion (for any waste group), in which case it was screened out entirely and not considered
further. Technologies that were assigned green or amber scores were carried forward as
credible options, but at this stage no ranking assessment of the options themselves was
undertaken.

In order to provide background and to facilitate the main assessment of the options, which was
undertaken within a workshop attended by relevant topic experts, the project team undertook
and presented the outcome of a preliminary assessment, which was intended to be provisional
in nature. Participants at the main assessment workshop included representatives from waste
producers, LLW Repository Ltd, NDA and RWM. This allowed for different aspects, opinions and
experiences, (reflecting technical, programmatic and strategic issues), to be captured within the
assessment.

OFFICIAL



LLW Repository Ltd

National Waste Programme

OFFICIAL

NWP/REP/139
Issue 171 Dec 2016
Page 20 of 92

Table 3: Assessment criteria

Criteria Green Amber
There are some
Effectiveness uncertainties or concerns

against waste
groups

The technology is effective
against the waste group.

regarding the effectiveness
of the technology against
the waste group.

The technology is not
effective against the waste

group.

Nature and
disposability of
resulting product

The product is no longer a
discrete item. The product
can be directly disposed at
the LLWR without further
processing.

The product may be
disposed at the LLWR if
some further treatment is
carried out and this is an
established route or
process for disposal.

The product f
WAC and cannot be
disposed. The product
would require extensive
further treatment prior to
disposal and/or the
treatment method cannot be
used routinely.

Impact on worker
and
environmental
safety from
technology use

There are no safety
concerns with this
technology, and its use is
consistent with the ALARP
principle.

There are some safety
concerns regarding the use
or operation of the
technology, but these could
potentially be resolved
without requiring
disproportional effort to do
so. The technology is
consistent with the ALARP
principle.

There are major safety
concerns regarding the use
or operation of the
technology that are not
possible to resolve without
requiring disproportional
effort to do so.

The technology is not
consistent with the ALARP
principle.

Trivial quantities of

Non-trivial quantities of

Nature and secondary wastes would be | Considerable quantities of
. . secondary wastes would be
disposability of roduced by the generated by the secondary wastes would be
secondary P y . technology, which can be produced, and/or would be
technology, which are easy _ . -
wastes managed in an appropriate | difficult to manage.
to manage.
manner.
The waste treatment
. technology has been used No operational experience
Preliminary The waste treatment . . .
. i outside the nuclear industry | with the technology for
technology technology is in use in the o
. . and therefore may need waste treatment inside or
readiness nuclear industry.

some R&D to adapt it for
use within it.

outside the nuclear industry.

Availability to the
UK

The waste treatment
technology is available
within the UK on an
industrial scale.

The waste treatment
technology is not yet
available within the UK on
an industrial scale but could
be easily transferable or
otherwise implemented.

The technology is not
available within the UK and
for a period of time that is
regarded as unacceptable
to the waste producer.
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5. Assumptions

A number of assumptions were made in order to identify credible options for the treatment of
wastes failing the discrete item limits. These are listed as follows:

A For the purposes of the assessment exercise, it was assumed that the waste being
evaluated had been adequately characterised and that it falls within the definition of a
discrete item as laid out in the relevant sections of the WAC documentation; and

A It was assumed that there are no other WAC which may preclude disposal of a discrete item
after treatment (for example, shredding a cemented drum of waste with hazardous
properties might allow it to meet the discrete item WAC but it might still breach a hazardous
materials WAC).

6. Credible options assessment

A summary of the assessment of credible options is presented in Table 4. Sections 6.1 to 6.3
describe the findings of the assessments by waste group. Appendix 3 contains the full
assessment tables.

Table 4: A summary of the assessment of credible options

Waste group
Technolo rou Technique : Si 0
gy group q Metals: simple | Metals: complex Cemented drums
geometries geometries
Size reduction: Shredding retain retain retain
Shredding / Jaw crusher eliminate eliminate retain
crushing Supercompaction eliminate eliminate eliminate
) ) Circular saw eliminate eliminate eliminate
Size reduction: . . . -
- . Wire saw retain retain retain
Mechanical cutting g _ : _ —
Reciprocating saw retain retain eliminate
) ) Torch cutting retain retain eliminate
Size reduction: ; . - —
. Plasma cutting retain retain eliminate
Thermal cutting s : : —
Laser cutting retain retain eliminate
L Chemical retain retain eliminate
Decontamination - - — —
Physical retain eliminate eliminate
Metal melting retain retain eliminate
Incineration eliminate eliminate eliminate
Thermal treatment | Plasma arc retain retain retain
processing
In-container . . .
Lo retain retain retain
vitrification
oth Disposal elsewhere retain retain retain
er : ; -
Decay storage retain retain retain
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6.1. Metals with simple geometries

Table 5 provides highlights from the assessment for Waste group 1: Metallic waste objects with
simple geometries and accessible surfaces.

Table 5: Highlights from the assessment for Waste group 1. Metals with simple geometries

Waste group 1: Metals i simple geometries, accessible surfaces

Technique Assessment highlights
1 Widely used to reduce large metal items to metallic scrap, a variety of
. designs being available.
Shredding . . . .
1 Can be operated remotely using automatic feeding systems, reducing
the risk, but the maintenance may be complex.
1 Will not be effective against metallic waste with simple geometries as
J the waste could merely become distorted (thus retaining its
aw crusher ? . ; .
properties as a discrete item) or if small enough, to fall through the
exit opening of the crusher.
Supercompaction i Ur_1ab|e to compress items of the size and thickness considered in
this waste group.
Ci 1 Cannot cut metallic components of significant thickness (i.e. above
ircular saw L . :
0.6 cm), so it is not expected to be effective for this waste group.
9 Can be used to cut metals of substantial thickness (has been used to
cut metal/concrete building structures, submarines and shipwrecks).
Wi 1 Requires cooling fluid (gas or water) which will become contaminated
ire saw . .
and will pose containment challenges.
I Contaminated coolant and used wires will have to be managed as
secondary wastes.
1 Capable of cutting metallic items of significant thickness (i.e. up to
~13 cm).
Reciprocating saw 1 Small quantities of secondary wastes.
1 Usually used as hand-held equipment. This may expose the
operator to additional safety risks (contamination, conventional risks).
1 Can only be used to cut ferrous metals, mild and low-alloy steels up
to 6 cm thick. Cannot usually cut stainless steel or aluminium as they
will not readily oxidise.
. I Can be easily used on site because the equipment is light and it
Torch cutting doesnédét need a power source.
1 If hand-held, workers are exposed to contaminated items and at risk
of conventional injury.
1 Small quantities of secondary wastes.
I Can cut electrically-conductive metals with thicknesses up to 5 cm.
1 If hand-held, workers are exposed to contaminated items and at risk
Plasma cutting of conventional injury.
1 Produces large quantities of contaminated aerosols and sparks and

suitable containment could be required.
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Waste group 1: Metals i simple geometries, accessible surfaces

Technique

Assessment highlights

Laser cutting

1 Can cut metals with thicknesses up to 2 cm.

1 Light equipment that can be easily used on site.

1 If hand-held, workers are exposed to contaminated items and at risk
of conventional injury.

1 Small quantities of secondary wastes.

Chemical
decontamination

1 Can be used for the reduction of radioactive contamination from the
surface or surface layers of the metal.

1 The process should result in surface-decontaminated metal which
would no longer breach the discrete item radioactivity limits.

1 Gives rise to acids or other liquids containing radioactive
contaminants.

Physical
decontamination

Effective for decontaminating the surface of the metal waste.
Secondary wastes may include metal swarf, crud and any
contaminated cooling liquids used. Waste generated could be in
category of ILW.

= =

Metal melting

1 May require that the metal waste is size-reduced, segregated and/or
decontaminated before melting.

1 Will result in metal ingots with reduced activity which may be suitable
for free release or recycling into nuclear industry products.

I Secondary wastes include contaminated slag and spent filters and
scrubbers from the treatment plant off-gas system.

Incineration

1 Not effective for the treatment of these type of metals as they are
non-combustible.

Plasma arc processing

Can only treat scrap and not bulk metal.

The molten metal will form a distinct layer which will have to be
assessed against the discrete items limits when disposed.

91 Although proven in the nuclear industry overseas, facilities are not
available in the UK.

E

Vitrification

Can only treat scrap and not bulk metal.

The waste will need to be size reduced to fit in the sacrificial box and
after treatment it will melt into a separated layer.

1 Secondary wastes include spent filters and scrubbers from the
treatment plant off-gas system.

= =

Disposal elsewhere

1 Waste would need to comply with the facility requirements, including
packaging.

1 A disposal facility for wastes not suitable for near-surface disposal is
not currently available in the UK.

Decay storage

1 May be suitable for reducing activity of metals, but may require a long
storage period.

E ]

May be suitable for reducing the activity of metals to within discrete
item limits, but may require a long storage period.

1 Decay stores are used in other countries, and although a specifically
designed decay store does not exist in the UK, waste is currently
stored on sites.
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6.2. Metals with complex geometries

Table 6 presents highlights from the assessment for Waste group 2: Generally, these are larger
and more robust metallic objects than those in Waste group 1 with complex geometries and
inaccessible surfaces.

Table 6: Highlights from the assessment for Waste group 2: Metals with complex geometries

Waste group 2: Metals i complex geometries, inaccessible surfaces
Technique Assessment highlights

1 Can effectively shred metal waste with more complex geometries to
metal scrap.

Requires appropriate containment and characterisation of internals.
Maintenance may be complex.

Potential for non-trivial quantities of secondary wastes.

Incapable of size-reducing more resilient metallic objects with
complex geometries.

Shredding

=a (=4 =a -9

Jaw crusher

1 Unable to compress items of the size and thickness considered in

Supercompaction this waste group.
Circular saw 1 Suitable for thin metals only, not items identified in this waste group.
I Can be used to cut metals of significant thickness and geometries
into segments, which should no longer constitute discrete items.
Wire saw 1 Requires adequate characterisation of internals, otherwise making

ALARP case would be difficult.
1 Secondary wastes include used cutting wires, filters from
containment and potentially coolant if used.

Capable of cutting metals of thickness up to 13 cm.
Requires adequate characterisation of internals, otherwise making
ALARP case is difficult.

1 Can cut ferrous metals, mild and low-alloy steels up to 6 cm thick.
Cannot usually cut stainless steel or aluminium.

1 Requires adequate characterisation of internals, otherwise making
ALARP case would be difficult.

1 Flexible technology as the equipment is relatively lightweight and
doesnbdét require a power source.

=a =

Reciprocating saw

Torch cutting

Can cut metals of thicknesses up to 5 cm.

Requires adequate characterisation of internals, otherwise making

ALARP case would be difficult.

1 The technology permits great accuracy on where to position the cuts,
S0 a cutting plan can be made for an efficient cutting of items with
complex geometries.

1 It would produce larger quantities of secondary waste than the other

thermal cutting technologies discussed here.

Plasma cutting

Can cut metals with thicknesses up to 2 cm.

Also requires adequate characterisation of internals, otherwise
Laser cutting making ALARP case would be difficult.

1 Flexible technology that allows cutting on site as the equipment is
light and easy to use.

=a —a
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Waste group 2: Metals i complex geometries, inaccessible surfaces

decontamination

Technique Assessment highlights
1 Proving the degree of decontamination of the internal surfaces may
Chemical be difficult for complex geometries.

Risks to workers will depend on the chemical agents used.

1
1 Secondary wastes include contaminated agents, acids, etc.

Physical
decontamination

 Cannot decontaminate internal inaccessible surfaces.

Metal melting

1 May require that the item is size reduced, segregated and/or

decontaminated before the main treatment step and to make sure

that any internal voids are accessed.

The resulting products are metal ingots that could be recycled.

Internal voids present a safety risk but managed through pre-

treatment such as size reduction.

I Secondary wastes include contaminated slag and spent filters /
scrubbers.

=a =

Incineration

T Not effective for the treatment of bulk metal waste.

Plasma arc processing

1 Can only treat scrap metal, so the waste would need to be size
reduced first.

1 The metal will melt and form a distinct layer which has to be
assessed against the discrete items limits prior to disposal.

1 Internal voids present a safety risk but managed through pre-
treatment such as size reduction.

Vitrification

1 Can only treat scrap metal. Waste will need to be size reduced to fit
into the sacrificial box.

1 Molten metal will form a distinct layer within the sacrificial box which
has to be assessed against the discrete items limits prior to disposal.

I Secondary wastes include spent filters and scrubbers from treatment
plant off-gas system.

Disposal elsewhere

1 May require size reduction first, depending on the disposal container
and the facility requirements.

1 Adisposal facility for wastes not suitable for near surface disposal is
not currently available in the UK.

Decay storage

1 May be suitable for reducing activity of metals, but may require a long
storage period.

1 May be suitable for reducing the activity of metals to within discrete
item limits, but may require a long storage period.

1 Decay stores are used in other countries, and although a specifically
designed decay store does not exist in the UK, waste is currently
stored on sites.
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6.3. Cemented drums

Table 7 presents highlights from the assessment for Waste group 3: Cemented drums.

Table 7: Highlights from the assessment for Waste group 3: Cemented drums

Waste group 3: Cemented drums
Technique Assessment highlights

1 Can be effective for cemented drums.

1 Rubble would be produced from the cement and scrap metal from the
drum.

Shredding 1 Filters from the containment system would probably arise as
secondary waste, along with worn cutting wheels and other
contaminated equipment parts.

1 Available in the UK, but not routinely used for cemented drums.

1 Expected to be effective for crushing cemented drums. If there are
cemented items inside the drum, they are expected to become
exposed when the drum gets crushed.

Jaw crusher 9 Filters from the containment system would probably arise as
secondary waste, as well as jaw plates and other contaminated
equipment parts.

1 Used in the mining industry but not in nuclear decommissioning.

Supercompaction 1 Not effective for compacting cemented drums.

1 Not effective for cutting cemented drums, as the drum thickness is
too great.

1 Effective for cutting cemented drums as the technique can be used to
cut very thick metal and concrete.

1 Would produce segments of cemented drums and depending on the
sizes of the segments, the waste could become loose waste.

1 If there are cemented items inside the drum, the waste would need to
be suitably characterised.

1 Not effective for cutting cemented drums, as the drum thickness is
too great.

1 Not effective for cutting cemented drums, as the technique is
designed for cutting metals.

Circular saw

Wire saw

Reciprocating saw

Torch cutting

1 Not effective for cutting cemented drums, as the technique is

Plasma cutting designed for cutting metals.

1 Not effective for cutting cemented drums, as the technique is

Laser cutting designed for cutting metals.

Chemical 1 Not effective for decontaminating cemented drums as this is a
decontamination surface only decontamination method.

Physical 1 Not effective for decontaminating cemented drums as this method is
decontamination only applicable for treatment of surfaces.

1 Not effective for cemented drums, as the technique is designed for

Metal melting metals

Incineration 9 Incineration is not effective for treatment of cemented drums.
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Waste group 3: Cemented drums

Technique Assessment highlights
1 The technique should work in principle, as it is used to treat drums of
Plasma arc processin waste.
P 9 1 Internal voids would present a safety risk.
1 Secondary wastes include filters and scrubber solutions.
1 The technique should work in principle, as it is used to treat concrete
and drums of waste.
Vitrification 1 Secondary wastes include filters and scrubber effluents.
1 Inactive and active commissioning has been completed at Sellafield.
Small-scale trials have been carried out on cemented drums.
1 May require size reduction as a pre-treatment, depending on the
disposal container and the facility requirements.
. 1 A disposal facility for wastes arising from the general nuclear industry
Disposal elsewhere not suitable for disposal at the LLWR is not currently available in the
UK. A new facility (whether centralised, near-site or on-site) would be
required.
1 May be suitable for reducing activity of cemented drums, but may
require a long storage period.
1 Reductions in the activity levels within materials would need to be
monitored.
Decay storage . :
y 9 1 Decay stores for wastes in the region of the boundary between the

UK-defined categories of ILW and LLW exist elsewhere in
Continental Europe. Waste producers in the UK currently store
wastes on site.

OFFICIAL



OFFICIAL

LLW Repository Ltd NWP/REP/139
Issue 11 Dec 2016

Page 28 of 92
National Waste Programme

7. Gap analysis

This section is intended to identify any gaps or research and development needs that became
apparent during the assessment that may preclude or impact on the applicability of the
technologies for the waste groups. Six of the options were assessed as being credible options
for all three waste groups, namely shredding, wire saw cutting, plasma arc processing,
vitrification, disposal elsewhere, and decay storage. These technologies and methods can be
used to treat all waste identified in the inventory, but some uncertainties regarding their
applicability were uncovered during the course of the work so further trials, as described below,
may need to be performed before the conclusions can be confirmed.

Shredding is a technique that is being widely used outside the nuclear industry for the
management of metallic waste of different sizes and geometries. It has also been used in the
nuclear industry for treating soft LLW. In the nuclear industry, its suitability for the treatment of
thicker metallic waste or waste with complex geometries has yet to be established with certainty,
so further trials are considered to be appropriate.

Wire saw cutting can be used to segment metal and concrete waste of any thickness. However,
there are some uncertainties regarding the resulting product. If the resulting product is in the
form of &licesbof concrete these could still be considered discrete items, but it is expected that a
cutting plan could be prepared to avoid the issue, basically by size reducing the generated
segments further, via additional cutting or shredding.

Plasma arc processing and vitrification both emerged as potentially promising technologies.
However, as these technologies have only been used previously for scrap metal, so further
research and development would need to be carried out to prove their suitability for bulk metal
and cemented drums.

Decay storage is another promising option for all three waste groups, which could be used to
reduce the activity of discrete items to within the relevant limits or  u n t i (unspécdigdh e r 6
management routes become available. Although a purpose-built decay store does not currently

exist in the UK, current waste stores could potentially be used to reduce the activity of short-

lived wastes to meet the discrete item limits.

The Disposal elsewhere option (other than to the LLWR) also performed favourably in the
assessment. However, this is significantly disadvantaged by the fact that no reliable date is
currently available for when a GDF or alternative near-surface disposal facility may be expected
to become available within the UK.

Another concern that would require further analysis to resolve satisfactorily is that some
technologies could merely lead to the production of waste in a form that would still qualify as a

discrete item. For exampl e, the gl ass 06 leduld bekconsiqeredbad u c e d
discrete item. If these products breach the discrete item limits, it would be necessary to subject

them to further treatment such as size reduction (e.g. shredding) before they could be accepted

for final disposal at the LLWR.
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8. Conclusions

This study develops a list of credible options which might be used for the management of items
of waste that would be categorised as a discrete item in the LLW Repository Ltd WAC, or
exceed the relevant numerical limits specified for such items. It is intended to form the basis for
more detailed assessments at a later stage if this is deemed appropriate.

For this study an inventory was provided based on information from waste producers. The
inventory has been divided into three main waste groups:

1. Metals with simple geometries and predominantly accessible surfaces;
2. Metals with complex geometries and inaccessible surfaces;
3. Cemented drums.

Evaluation of the inventory data, specifically generated for this study, has shown that there is a
lack of characterisation for many of the items in the inventory that have been defined as discrete
items. It is likely that when these items are more adequately characterised, a significant
proportion may be found to be outside the definition of wastes failing the discrete item limits and
therefore to be suitable for disposal without further treatment. Conversely, it is possible that
ongoing characterisation of wastes will identify other waste items, and different populations of
different waste types, that do not comply with the discrete item limit.

As shown in Table 8 below, there are a number of credible options identified for each waste
group.

For the treatment of the items of metallic waste in the inventory that would qualify as wastes
failing the discrete item limits, a number of treatment options have been identified, with physical
decontamination emerging as only applicable to metallic items that have simple geometries.

The assessment has showed that metallic items with more complex geometries and internal
voids would be more challenging to treat. If some form of size reduction is to be considered for
treating such items, the balance between the detriments and benefits of doing so would need to
be understood as part of an ALARP assessment. Such an assessment would in turn need to be
informed by characterisation information on such items that is more reliable than currently
available. A similar caveat would also hold for thermal treatments if applied to such items. In this
case size reduction would also be required to ensure that features such as internal voids would
be breached and any surface activity within them characterised before the application of high
temperatures as a failure to do so could lead to additional safety risks.

For the cemented drums group, fewer technologies were identified as being credible. From the
assessment, these wastes could be size-reduced by shredding, jaw crushing and wire saw
cutting. In theory, plasma arc and vitrification have potential of treating these types of waste but
further trials would be necessary in order to establish if these treatment techniques are practical.
Another credible management approach for cemented drums that could facilitate their eventual

A

disposal at the LLWR would be to decay store them until an 6 ot her 6 option of
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alternative disposal route is available. Disposal to a facility other than the LLWR remains a
potentially credible option for all wastes that qualify as discrete items, recognising that such a
facility does not exist in the UK at present.

Six of the treatment options are able to treat all of the waste types identified in the inventory,
namely shredding, cutting with a wire saw, plasma arc processing, vitrification, disposal to a
non-LLWR facility, and decay storage pending final disposal at the LLWR.

Three technologies were not found to be effective against any of the waste groups:
supercompaction, cutting with a circular saw and incineration. Accordingly, these were
eliminated from further consideration at the next stage of the options assessment within which
the positive and negative aspects of each of the options will be compared to identify the optimal
approach for treating each waste type.

Table8: Summary of assessment of credible options

Waste group

Technology Metals: simple | Metals: complex | Cemented
geometries geometries drums

V

Shredding

Jaw crusher
Supercompaction
Circular saw

Wire saw
Reciprocating saw
Torch cutting
Plasma cutting
Laser cutting
Chemical

Physical

Metal melting
Incineration
Plasma arc processing
Vitrification
Disposal elsewhere
Decay storage

<N <)< X[ <<€ << << XX | X<

<< << X< X< << <1< X X[ X<
<< << XX | X | XXX X|X|<|X|X|<

<

V technology credibly applicable to a specific waste group

X technology not credibly applicable to a specific waste group
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9. Next Steps

The report will be submitted to the NDA and published on the LLW Repository website. It will be
used to provide supporting information for discussions and meetings held by the National
Programme and the Problematic Waste Integrated Project Team as part of its governance
arrangements.

To ensure that progress is maintained on the identification and implementation of approaches
for the management of waste which fails the discrete item limit, additional workscope is required
by the Problematic Waste IPT, the National Waste Programme and relevant stakeholders:

A Work be undertaken to ascertain whether other populations of potential waste failing the
discrete item limit (such as durable hard plastics) identified during the stakeholder workshop
pose a waste management challenge for waste producers. If so, the credible options for the
management of these additional waste populations should be identified.

A Optioneering be undertaken to identify the preferred option(s) for the management of the
waste failing the discrete item limit populations covered by the credible options studies.

A The wastestreams be included in ongoing work by the Near-Surface Disposal Integrated
Project Team as a potential population of interest.

A A watching brief on the industry is required by the Problematic Waste IPT and the National
Waste Programme to keep abreast of the changes in the inventory of this wastestream, and
to ensure that any overarching optioneering remains current and relevant.
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http://www.koike-asia.com/en/products/section/applications/oxy-fuel/
http://guelphweddingshop.blogspot.co.uk/
http://www.twi-global.com/news-events/case-studies/laser-cutting-an-innovative-approach-to-size-reduction-of-magnox-skip-614/
http://www.twi-global.com/news-events/case-studies/laser-cutting-an-innovative-approach-to-size-reduction-of-magnox-skip-614/
http://www-ns.iaea.org/downloads/rw/projects/r2d2/workshop2/lectures/decontamination-technologies.pdf
http://www-ns.iaea.org/downloads/rw/projects/r2d2/workshop2/lectures/decontamination-technologies.pdf
http://ferroecoblast.com/r_d/sand_blasting_and_shot_blasting/
http://www.instmc.org/is-docs/west-cumbria/3684-studsvik-presentation/file?ml=1&iframe=1
http://www.chesterchronicle.co.uk/news/chester-cheshire-news/ellesmere-port--veolia-plant-7605967
http://www.zwilag.ch/en/plasma-plant-_content---1--1047.html
http://kurionveolia.com/technologies/geomelt/
http://www.zwilag.ch/en/storage-building-for-medium-level-waste-_content---1--1055.html
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Appendix 1: Inventory

Inventory data on discrete items were provided to Amec Foster Wheeler by LLW Repository Ltd.
The inventory contained data on 74 waste streams and presented some information regarding
the waste stream, waste description, volumes, current or future arisings, proposed management
routes, and why the waste is believed to be a discrete item. However, detailed information was
lacking in many of the areas and it was clear that many of the wastes have, to date, not been
fully characterised. Further characterisation would be required before any technology could be
identified for a number of the wastes in the inventory. It is possible that adequate
characterisation would demonstrate that a significant proportion of the inventory would no longer
be considered to be a discrete item.

To facilitate the assessments undertaken here, the inventory was divided into three distinct
waste groups. These are presented in Table Al-1. Note that 12 of the 74 streams were initially
categorised into a fourth group: Sources. It was decided at a project workshop held on 20
October 2016 that these are outside the scope of this study as LLW Repository Ltd has separate
waste acceptance criteria for sources. Table Al1-2 indicates the number of waste streams falling
into each of the groups and their quantities.

Table Al-1: Discrete item waste groups

No. Waste group Description

1 Metals i simple geometries Framework, bars, plates, containers, skips, trolleys,
rams and bogies, magazine bodies

2 Metals i complex geometries | Pipework, pumps, flowmakers, crane parts, filters,
heat exchangers

3 Drums containing cemented Cement-encapsulated water treatment sludges and
waste filters encapsulated in concrete

TableA1-2: Waste group quantity data (to the nearest tonne or cubic metre)

No. Waste group No. of streams | Total weight (t) Tota(lr:]/;))iume
1 Metals i simple geometries 40 259 185
Metals i complex geometries 19 47 34
3 Drums containing cemented 3 310 203
waste
Totals 62 616 421

* Metal volumes were calculated assuming a metal density of 1.4 t/m®

Figure Al-1, Figure A1-2 and

OFFICIAL



OFFICIAL

LLW Repository Ltd NWP/REP/139
Issue 11 Dec 2016

Page 34 of 92
National Waste Programme

FigureAl1-3A1-3 give key summary information on the volume distribution, weight distribution
and source organisations of the waste groups.

The group with the largest volume is Group 3, 6Drums containing cemente
primarily cement-encapsulated water treatment sludges in nominal 230-litre mild-steel drums
from AWE. This group also includes metal gauge filters encapsulated in concrete from Sellafield.

The significant number of metal waste streams was split into two sub-groups, based on their
physical differences:

A Group 1: Simple geometries; and
A Group 2: Complex geometries.

A description of the materials that make up each metal group is provided in Table . All metals
arise from Sellafield, with Group 1, 6MeBampl e ¢ e baing the largest i number,
weight and volume.

34

m Metals - simple geometries m Metals - complex geometries
m Drums containing cemented waste

Figure A1-1: Volume distribution by waste group (in cubic metres)
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259
310
47
m Metals - simple geometries m Metals - complex geometries

m Drums containing cemented waste

Figure A1-2: Weight distribution by waste group (in tonnes)

300
250
200 B Metals - simple
3 geometries
G'J -
£ 150 B Metals _complex
2 geometries
> ® Drums containing
100 cemented waste
50

Sellafield Ltd AWE Ltd

FigureA1-3: Discrete items by source organisation
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Appendix 2: Technology datasheets

Shredding

Shredding is a technique that involves the use of mechanical equipment to reduce the size of
of materials, including metal4].

The shredding process is well proven in mutlear industries, especially in the recycling sty
Shredders are used to reduce the size of metals, plastics, aluminium, scrap cars as well g
materials such as municipal solid wastes.

In the nuclear industry, shredding is a widely applied technology for volume reduction of LLW,
typically used as a prreatment technique before incineratior2], compaction or disposal. With th
development of the shredding technology for larger items such as cars, opportunities may be
for application to larger metallic items.

FigureA2-1: Examples of mobile (left) and fixed (right) shredders

Shredders come in many different variations and sizes. The capacity of the shredder is define(
feeding system and the cutting systefrhe cutter wheels intermesh and tear apart the waste wh
is trapped between the wheels and cut to the size of the clearance between the wheste
capacity shredders often use hamramills for size reduction.

¢KS AKNBRRSNDE FTSSRAy3 aeadsSy OFy 68 YIydz
(wade is fed by a conveyerJhe waste does not need any pireatment before being shredded.
The shredders can be equipped with different types of cutting systems (horizontal shaft, v
shaft, singleshaft, twoshaft, threeshaft and fourshaft cuttingsystems). The advantage of mul

shaft systems is that secondary shredding can take place in one step as the input material ci
around the interlocking wheels, further reducing the size of the waste.

The discharged material then drops into a conéinBetween the shafts/cutting wheels and tf
container, a mesh can be placed to provide a screen and limit the size of items produced as an
In multishaft systems, the material that is not permitted through the mesh caninailate in the

[1] IAEA, Innovative waste treatment and conditioning technologies at nuclear power plants, IAEA-TECDOC-1504,
2006

[2] http://lwww.veolia.co.uk/sites/g/files/dvc636/flassets/documents/2015/02/8501-YAO-
05_Appendix_F_Radioactive_ WAC_Rev2.pdf accessed 08/09/16
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