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ABSTRACT

Waste Management is a major activity of BNFL in the UK and at various locations internationally.
To support these activities extensive programmes of Research and Technology have been
undertaken for many years. This involves practical studies involving active and non-active work at
laboratory and pilot plant scale. Extensive use is also made of theoretical and modelling
techniques. Current work is aimed at underpinning and improving current operations, supporting
the design and safety cases of new plant and addressing waste management activities of the future
including decommissioning.

INTRODUCTION

The nuclear industry in the UK has generated a wide range of wastes over the past 40 years. These
have arisen at a number of sites now owned and operated by BNFL. Wastes have been generated
from a range of activities across the fuel cycle:

• Fuel manufacture
• Enrichment
• Reactor operations
• Reprocessing
• Decommissioning

The majority of the wastes have been associated with reprocessing operations at Sellafield. In
future significant volumes of waste will be generated from decommissioning operations across the
UK. The type of wastes cover the full range of categories in the UK which are designated as:

• High Level Waste (HLW); heat generating wastes i.e. the temperature of the waste may
rise significantly as a result of the radioactivity

• Intermediate Level Waste (ILW); wastes containing radioactivity above the levels set for
low level waste but which do not generate a significant amount of heat as a result of their
radioactivity

• Low Level Waste (LLW); wastes containing less than 4 GBq/t alpha or 12 GBq/t beta
gamma

Major programmes of Research and Technology are being undertaken to support waste
management activities.

RESEARCH AND TECHNOLOGY

BNFL Research & Technology (R&T) employs around 1200 scientists, engineers and support staff
at 5 sites across the UK. Research & Technology works closely with BNFL's various businesses
supporting existing plants as well as developing new technologies and processes.
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BNFL has extensive facilities for R&D including a new Technology Centre that is about to enter
service at the Sellafield site. This new building will further enhance BNFL Research &
Technology's already extensive capability for practical studies in both radioactive and non-
radioactive environments at both laboratory and pilot plant scale. The practical work is
complemented by the extensive use of scientific methodology utilising theoretical and modelling
techniques.

SCOPE OF RESEARCH AND TECHNOLOGY

R&T is carried out to support business groups across BNFL. In waste management these cover:

• Operational support to maintain current plants but also aimed at improvements in
throughput and performance

• Support to waste projects design and safety cases
• Programmes to address future operations, in particular these cover historic waste treatment

and decommissioning
• Support to external business
• Underpinning the disposal of waste
• Waste management to support future fuel cycle activities

In total over 300 R&T staff are employed in the UK on waste management supporting UK
activities. Additional staff are also utilised overseas to support external business opportunities.

Key technologies developed by BNFL supporting waste management include:

• Waste characterisation (physical, chemical, radioactive)
• Retrieval (mechanical, hydraulic)
• Volume reduction (thermal, mechanical)
• Decontamination (chemical, mechanical, thermal)
• Effluent treatment (filtration, ion exchange, solvent treatment)
• Encapsulation
• Vitrification
• Disposal
• Contaminated land management

In addition a wide range of generic technologies are used to support a range of activities, these
include:

• Modelling
• Materials
• Remote engineering
• Radiometrics

The following provides some examples of R&T projects covering BNFL's waste management
activities.
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SUPPORT TO OPERATING PLANTS AT SELLAFIELD

Research and Technology support to waste management at Sellafield includes input to a number of
effluent treatment, encapsulation and highly active evaporation/storage and vitrification plants.

Plant support includes monitoring of the flow sheet chemistry to maintain optimum plant
performance as well as project work aimed at improving plant performance and reducing
environmental discharges. Some examples of current projects are:

• Ruthenium chemistry and abatement
• Processes for Technicium99 removal
• Expansion of waste encapsulation envelopes for effluent streams
• Improved plant performance from ultrafilter membrane

R&T SUPPORTING HISTORIC WASTE PROJECTS

Many historic wastes were placed in silos, ponds and stores often as heterogeneous mixtures. One
such waste type is Magnox stored in water filled silos with mixtures of miscellaneous wastes, over
time the Magnox has corroded leaving a mixture of sludge and solid items.

Extensive R&T programmes have been undertaken to establish the physical/chemical properties of
Magnox sludges so that suitable silo emptying equipment can be designed that is capable of dealing
with all material rheologies. This work has also considered the inventories of the numerous silo
compartments to identify exactly what materials/items were consigned. In some compartments it
has been identified that the presence of uranium in the wastes may have resulted in uranium hydride
formation and the potential for hydrogen gas evolution. The presence of empty containers in some
compartments has led to the possibility of significant pockets of hydrogen becoming trapped in the
sludge that could be released during retrieval operations.

The current safety case requires retrieval operations in many of the silo compartments to be carried
out under inert gas atmospheres to avoid the risk of a hydrogen explosion. However, if a
sufficiently robust safety case can be made for avoiding the inerting operation then considerable
costs can be saved on retrieval. To exploit this potential saving in cost a comprehensive R&T
programme has been implemented to consider the various issues relating to sludge and hydrogen
explosions:

• Magnox corrosion
• Hydrogen retention in sludge
• Hydrogen release characteristics
• Hydrogen/air mixing - CFD modelling
• Ignition studies
• Hydrogen/air combustion
• Skip/drum/flask ullage space behaviour
• Gas void imaging
• Sludge/gas behaviour
• Chemistry of Magnox sludges
• Sampling & analysis
• Simulants
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Much of the data that has emerged from these work programmes has been incorporated into
company technical design guides for working with uranium and hydrogen risks, these documents
will be of value to retrieval projects and other plants/projects.

In addition to underpin retrieval operations major programmes involving full-scale rigs have been
undertaken. These have covered mechanical retrieval, size reduction as well as waste handling.

The wastes currently in storage exhibit a range of characteristics, both physical and chemical. In
addition the sludge component changes behaviour when processed, particularly when water is
added. These mixtures of waste would have necessitated complex processing using conventional
technologies to separate and condition the sludges and solids for cementation using existing
processes. In particular to ensure appropriate preconditioning of sludges significant addition of
process water would be required resulting in an unacceptable increase in waste volume.

The response to this challenge was to develop the Sellafield Drypac Plant (SDP). The concept of
this facility is to minimise the segregation of the waste to reduce process complexity and to remove
the original water from the sludge waste thereby reducing waste volume.

The key stages of the process are:

• Initial separation of large items from the retrieved waste using mechanical screening
• Transfer of the undersize material (sludge, small solid items) to sacrificial cans
• Drying of the undersize material using an oven system
• Supercompaction of the dried undersize waste in the sacrificial cans to produce waste

pucks
• Grouting of the pucks in drums to produce packages for engineering storage prior to

disposal

The process has been developed by BNFL and will become operational shortly. SDP will utilise
novel technology not employed for ILW streams of this type before. This includes in-can drying
and supercompaction of high alpha/beta/gamma waste. A major R&T programme has been
undertaken to underpin the plant design and to ensure the product quality of the packages. Process
development has been undertaken at full scale to demonstrate the technical feasibility of the initial
waste separation, drying and supercompaction. The work has demonstrated that a robust yet
relatively simple process can treat the wide range of ILW materials in the silos.

The product from this process is fundamentally different to the encapsulation waste generated from
the cementation of wastes from the ongoing reprocessing operations. A major R&T programme
focused on the characteristics of the package and in particular its behaviour during storage and
disposal. The drying and supercompaction of the sludge produces a solid waste product, which
provides containment for the radionuclides. By utilising an enhanced drum and a high quality in-
filling grout it has been possible to demonstrate the suitability of this product to UK regulators and
Nirex, the company responsible for ILW disposal in the UK.

ENCAPSULATION OF ILW WASTE

There are four major encapsulation plants in operation at Sellafield. Encapsulation plants will also
operate at Magnox sites to treat operational wastes. All these facilities have been underpinned by
extensive product and process development work.
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The major challenge for the future is the encapsulation of mixed waste, this will be undertaken in
BEP. The Box Encapsulation Plant (BEP) is being built to package ILW wastes from historic waste
stores on the Sellafield site for interim storage and ultimate long-term disposal in an underground
repository. The wastes are grouted into 3m3 boxes.

The objectives of the Research and Technology input to the BEP project are to increase confidence
in the plant design and gain an assurance that the waste packages produced will be acceptable for
eventual disposal in an underground repository. A number of tasks are currently being carried out
to support the BEP development programme:

• There is an going programme of development work on the grout formulation, which has
involved the characterisation of suitable superplasticiser materials and confirmation of
the grout rheology and operational envelope for use within the process plant. A database
for grout material is being established to define the range of variable conditions within
the operational envelope.

• Work on grout superplasticiser materials has been carried out to determine their effects
on the solubility of plutonium in the waste package.

• Technical support has been given to the design and build contractor to ensure that the
design of the grout plant meets requirements, with early demonstration of critical
components in the system to validate performance.

• Interface with Nirex, the waste management organisation in the UK responsible for long
term repositories. - Development work has been necessary to address issues raised by
the letter of comfort for the BEP waste packages, this has included additional
underpinning information on Wigner energy from graphite wastes, disposal of dust
particles, organics, reactive metals, the data recording and product quality strategy.

• Investigations and trials to develop a reliable process for the pre-treatment of the zeolite
ion exchange skips used in the early fuel ponds. It is important that the skip contents are
satisfactorily immobilised prior to encapsulation in the 3m3 boxes.

• Computer modelling and grout exotherm trials to demonstrate that product quality is not
affected by the potential release of Wigner energy that could be stored in some graphite
wastes and may be triggered during the encapsulation process or during underground
repository conditions.

• Development of the BEP waste feed specifications as more detailed inventory
information becomes available from the plants where the waste currently resides.

• Development of a computer model for certain wastes to define the fissile content of the
3m3 boxes when filled with such wastes.

• The BEP process is based upon the concept that any significant amounts of fuel in the
wastes will be identified by a gamma camera, thus enabling segregation during sorting so
that fissile values can be attributed by weighing. As the gamma camera system is vital to
the performance of the plant an extensive programme of trials is being carried out to
demonstrate the technology and verify operational performance.

REACTOR AND CHEMICAL PLANT DECOMMISSIONING TECHNIQUES

BNFL has undertaken a wide range of nuclear decommissioning activities on its sites in the UK
since the mid 1980's and with the integration of BNFL and Magnox Electric in 1998, has now
added reactor decommissioning to its total fuel cycle decommissioning portfolio.
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The decommissioning projects undertaken by BNFL depend on a wide range of technologies and
techniques for their successful implementation. A substantial Research and Development
programme has been developed which has provided many of the novel techniques and equipment
used to support a number of decommissioning projects at Sellafield. The R&D programme has
been specifically targeted at reducing costs and uncertainties associated with current and future
decommissioning projects. Decommissioning solutions have been grouped into the following
discipline/task areas:

• Planning Techniques • Chemical
- Virtual Reality - Decontamination Reagents
- Intelligent Systems - Waste Treatment

• Delivery Techniques • Modelling
- Robotics - Decontamination Processes
- Pilot Facilites - Costs

• Wastes • Energy
- Understanding Waste Products - Lasers

• Analysis • Physical
- Radiometrics - Abrasion
- Conventional Analysis • Engineering

The effective use of decontamination is a key aspect of BNFL decommissioning strategy and
operation. The thorough decontamination of the facility to be decommissioned will allow
significant cost savings in terms of reduced dose uptake to operators (manpower costs) and an
overall reduction in the inventory of materials requiring disposal/storage as radioactive waste.

Many of the decontamination techniques utilised in decommissioning have been developed and
deployed on operational plants which has provided valuable cost and performance data for future
decommissioning operations. Novel chemical decontamination techniques have also been deployed
as part of maintenance operations where they can be applied at ambient temperature with chemistry
effectively managed to deal with a range of contaminated substrates. The effluents produced are
capable of being maintained within the envelope of the standard effluent treatment routes such as
neutralisation and ion exchange. Finally, high-pressure water jetting operations have been used
extensively to decontaminate fuel route items such as flasks, skips and pond equipment.

Radiometric instruments have been developed to identify dose hot spots and experience from
several projects at Sellafield has demonstrated the value of early location of high dose areas so that
they can be shielded, relocated or decontaminated thus allowing operations to continue in a lower
dose environment. Imaging systems developed by BNFL Instruments have been utilised in alpha,
beta and gamma radiation environments with considerable success and instrument packages suitable
for remote deployment or use within vessels or pipework have been developed.

The efficient decontamination of concrete surfaces could significantly reduce the cost of many
decommissioning projects through minimisation of the radioactive waste inventory and a reduced
dose to decommissioning operators. BNFL are currently pursuing a number of developments
focused on the efficient decontamination or removal of concrete surfaces by chemical
decontamination, biodecontamination and mechanical methods such as cutting or scabbling with
high energy sources.
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DEVELOPMENT OF A POST-CLOSURE SAFETY CASE FOR THE DRIGG LLW DISPOSAL
FACILITY

BNFL owns and operates the Drigg site, which is the UK's principal facility for the disposal of low
level radioactive waste. The Drigg site receives wastes from a wide range of sources including the
nuclear industry, general industry, universities and hospitals. The site commenced operations in
1959 and over this operational period waste disposal practices have evolved in response to changing
regulatory requirements and scientific and engineering knowledge and technology.

Disposals at Drigg are carried out under the terms of an authorisation granted by the Environment
Agency under the Radioactive Substances Act 1993. Periodically the Environment Agency reviews
its authorisation. Since 1997, BNFL has been providing information to the Environment Agency on
the developing post-closure safety case (PCSC) for Drigg, which is due for completion in 2002.

In line with recent international developments with regard to safety cases and safety assessments for
radioactive waste disposal facilities (for example, the IAEA's ISAM and BIOMASS programmes
and BNFL's involvement therein), the 2002 Drigg PCSC will include key elements such as:

• The safety case context which sets out the high level objectives, constraints and
assumptions that provide the context for the PCSC and determine its scope and content.

• The post-closure radiological safety assessment (PCRSA) which will be based on a
systematic approach to aid completeness and transparency, demonstrate the assessment has
a logical structure and ensure a comprehensive treatment of uncertainty.

• Supporting arguments and lines of reasoning to augment and complement the main
PCRSA, demonstrate the PCSC is based on good science and engineering and comply with
the current regulatory requirements.

• A forward technical and monitoring programme for the period beyond 2002, which
recognises the iterative nature of the regulatory-safety assessment process and will be
prioritised to address key issues such as reduction of significant remaining uncertainties.

The ongoing Drigg site characterisation programme has collected and interpreted a large amount of
information, which has resulted in a significantly enhanced understanding of the geology,
hydrogeology and geochemistry of the Drigg site. In particular this underpins the development of
conceptual models for PCRSA calculations. Another key output is the compilation of
comprehensive and robust far-field radionuclide sorption databases.

Central to the PCSC is the PCRSA. The purpose of the PCRSA is to represent the disposal system
in a comprehensible form and assess its evolution and associated long-term safety performance.
Key aspects of the PCRSA are:

• Use of a comprehensive list of features, events and processes (FEPs) as the primary
reference point for assuring coverage of issues.

• Definition of the process system to be analysed, thereby enabling all potentially relevant
FEPs to be categorised either as process system FEPs or external FEPs.

• Review of external FEPs as the basis for distinguishing those external factors that
represent significant controls on long-term evolution of the disposal system. Such a
review, coupled with the output from modelling studies and simulations of the effects of,
for example climate change, guides the systematic identification and development of
scenarios for the PCRSA.

• Development and justification of alternative conceptualisations of the process system,
based on its features and characteristics and an appraisal of potential pathways of release to
the environment.
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• Review of FEPs that are relevant to modelling the behaviour of the process system, taking
into account the disposal system context, the scenarios under consideration and the
required indicators of safety performance.

• Mapping and incorporation of the identified FEPs and FEP relationships onto conceptual
and mathematical models for the PCRS A.

• Derivation of representative sets of calculation cases from the selected scenarios and
conceptual models, based on the assumed state and evolution of the system for each
scenario. This also includes the identification of relevant data sources and methods for
dealing with parameter uncertainty.

• The formalised tracking of information through the assessment in an auditable manner to
aid the transparency and robustness of the PCRS A.

The overall aim is to optimise the disposal system and demonstrate that best practicable means have
been employed to ensure the long-term radiological impact is as low as reasonably achievable.

SUMMARY

1. BNFL is extensively involved in most waste management activities associated with the nuclear
fuel cycle.

2. R&T Programmes are undertaken to support all waste management activities from current
operations to future decommissioning. These are driven by business needs but still include
innovation to address future challenges.

3. Major R&T programmes have developed a wide range of technologies supporting retrieval,
treatment, immobilisation and disposal activities which are underpinning current in-house
activities and the external clean-up market.


