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TRANSCEND (Transformative
Science and  Engineering  for
Nuclear Decommissioning) is a
multidisciplinary collaboration of
11 universities and 8 key industry
partners from across the UK’ civil
nuclear sector. Our world class £9.4M
research programme comprises 40
projects which address some of the
key challenges within the areas of
nuclear decommissioning and waste
management, with a special focus
on the UK’ needs. The work of the
Consortium continues, rationalises
and extends that previously
undertaken on  DISTINCTIVE
(Decommissioning, Immobilisation
and Storage Solutions for Nuclear
Waste Inventories) with increased
breadth, particularly in bringing
together  the academic and
industrial communities to take
more of a whole lifecycle approach
to decommissioning and waste
management.

Its now been 16 months since the
programme started in October 2018
and we've been very busy during
this time. We have held a Kick-off
meeting, two Industry Road Shows,
and our first Annual Meeting and
set of Theme Meetings. Associated
with the Annual Meeting we also
held our first International Advisory
Group meeting to allow their input
to, and strategic leadership of, the
Consortium’s activities. We've been
very busy recruiting post-doctoral
researchers and PhD students, with
the vast majority now in place so
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that technical projects are now well
underway. Additionally, two of our
academic members were seconded to
BEIS for an extended period, allowing
them the opportunity to gain policy
experience and to use their expertise
to provide input to relevant select
committees and working groups.

There are also a number of exciting
activities in the pipeline. Various
TRANSCEND  supported public
outreach events will be held over the
coming year through our participation
in various Science Festivals, and we
have also commissioned a public
outreach activity regarding the social
and ethical dimensions of waste
management, based on workshops
and interviews with both Consortium
members and members of the public.
We also have the production of a video
about the Consortium planned, as
well as a Public Engagement Summer
School for all our researchers. I
encourage you to regularly check
our website (transcendconsortium.
org) for updates on any upcoming
activities.

The newsletter will summarise
progress made by the Consortium
in a digestible format. It will also
contain key messages from our
various management groups. Going
forward, the newsletter will be
published annually and will track the
key outcomes and outputs during that
period.

This edition focuses on previous
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meetings of the Consortium, and
upcoming events. It also covers the
experience of two of our academics
who spent time at BEIS. Lastly,
profiles for all the research projects
underway and planned are included
to encourage engagement not only by
all Consortium members but also all
stakeholders who have an interest in
nuclear decommissioning and waste
management.
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I hope that you enjoy first

newsletter.

Mike Fairweather

(M.Fairweather@leeds.ac.uk)
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Over 50 attendees gathered for the TRANSCEND
kick-oft meeting which was held on Wednesday 12th
September 2018 at the National Railway Museum
in York. The first part of the day was devoted
to the research programme. Mike Fairweather
(PL, University of Leeds) opened the meeting by
presenting a general overview of the TRANSCEND
project.

Presentations from each Theme Leader giving
more detail on the planned research within their
respective themes then followed. The morning was
rounded off with a presentation by Joanna Renshaw
outlining some of the proposed impact activities.
Early afternoon saw the industry partners presenting
details on their involvement with the project.
The final part of the day was devoted to general
discussions on projects and plans going forward.
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Mike Angus (NNL) speaking about the benefits of
TRANSCEND for industry.

TRANSCEND takes to the road

The TRANSCEND team took to the road in
December 2018 and January 2019 to raise awareness
of the consortium amongst the nuclear community.
The 1st Industry Roadshow was held at Birchwood
Park in Warrington on 11th December 2018
and the 2nd at The Mercure in Bristol on 14th
January 2019. Nearly 90 delegates registered from
organisations across the nuclear sector to attend
the roadshows. They came to gain an overview of
the research programme and to learn how it will
help to address key challenges facing the industry.

David Read outlines the plan for the Spent Fuels theme

Both days started with Mike Fairweather (University of
Leeds) giving a general outline of the project. Academic
Theme leaders then presented further information
on the research being carried out within our themes:
Integrated Waste Management; Site Decommissioning
& Remediation; Spent Fuels; Nuclear Materials. Finally
it was the turn for the industry partners to speak
about their involvement in the consortium. Both days
provided fruitful exchanges between the academics
leading the research and the industry stakeholders.

Mike Fairweather talks about impact activities



The consortium held its first annual meeting at the
Apex City hotel in Bath on the 3rd and 4th April 2019.
Over 100 representatives from academia, industry
and government bodies gathered to learn about the
latest research findings since the programme started
in October 2018.

Sixteen technical presentations covered the 4 themes:
Integrated Waste Management; Site Decommissioning
& Remediation; Spent Fuels; Nuclear Materials.

Keynote presentations were delivered by Charlie Scales
(National Nuclear Laboratory), Trevor Chambers
(Imperial College, London), David Shoesmith
(University of Western Ontario, Canada) and Helen
Steele (Sellafield Ltd).

The posters displayed throughout the meeting
generated a great deal of stimulating and thought-
provoking discussion during the networking breaks.

During the final session of the meeting the audience
learnt about linked programmes covering accident
tolerant fuels (ATLANTIC - Accident Tolerant
Fuels in Recycle), robotics and sensors for extreme
environments.

The meeting dinner took place in the magnificent
surroundings of the Roman Baths and Pump Room.

Pre-dinner drinks at the Roman Baths

Dinner in the Pump Room

Networking during the poster sessions



The first set of Theme Meetings for TRANSCEND
were held at Lancaster University Conference Centre
on the 11th & 12th November 2019.

On day one, a combined agenda from Themes 1 &
2 included talks from experienced post-doctoral
researchers, flash presentations from the PhDs as well
as presentations from Ed Butcher and James Graham
from NNL (the industry champions for the two
themes).

On day two, parallel sessions from Themes 3 & 4
included presentationsfromTRANSCENDresearchers
as well as from researchers working on projects
associated with TRANSCEND. Once again, industry
champions from NNL - David Hambley and Robin Orr
- had the opportunity to make presentations about the
research programme from an industry perspective.

The thirty-six posters on show provided plenty of
opportunities for researchers to engage directly
with industry and other academic colleagues.

-
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Waste Management Symposia 2020,
8-12th March 2020, Phoenix, Arizona

The TRANSCEND consortium has its own dedicated
session at WM2020 the leading international conference
for the management of radioactive waste and related
topics. Come along on the afternoon of Wednesday 11t
March 2020 to hear about our latest findings and join us in
our networking social after the presentations.
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TRANSCEND Academics seconded to BEIS

The EPSRC TRANSCEND (Transformative Sci-
ence and Engineering for Nuclear Decommission-
ing) project provides an opportunity for scientists
to gain policy experience via funded secondments
within Government departments. One of the first
to undertake a secondment, Professor David Read,
reflects on his experience of working part-time
in the Department for Business, Energy, and In-
dustrial Strategy (BEIS) over a period six months.

Prof Read is the NPL Professor of Radiochem-
istry at the University of Surrey and co-lead-
er of TRANSCEND Theme 3 on Spent Fuels.

“InMay 2019, joined a team working on aspects of the
Nuclear Sector Deal, specifically, nuclear decommis-
sioning, waste management and geological disposal. It
was an interesting time to join given rapidly changing
events on the other side of Parliament Square. BEIS
plays a major role in Brexit planning with many of
its staff diverted to different tasks, often at very short
notice. I was immediately impressed by the calm-
ness of my new colleagues as they balanced urgent
requests for information while maintaining focus on
the much longer-term objectives of the nuclear sector.

My first task was to help draft a Consultation Doc-
ument on radioactive waste management policy di-
rected towards a more risk-informed approach, based
on the radiological, chemical and physical properties
of each waste stream. This is subject to public consul-
tation but could potentially bring overall radioactive
waste policy into line with that for low level radio-
active, and other hazardous wastes, where the Waste
Hierarchy and Proximity Principle are embedded.
It could provide industry with greater flexibility in
terms of management practices and encourage new
entrants with opportunities for technology transfer.
The proposals were at a fairly advanced stage when
a decision was taken to broaden the remit and sub-
sume the initiative into an overarching policy review
covering nuclear decommissioning, radioactive sub-
stances and waste. As we speak, a public consulta-
tion is due to be issued around March 2020, though
of course, a lot can happen between now and then.

My experience at BEIS has been extremely reward-
ing and given me new insight into how the Civil
6

Service operates. The team I was assigned to was high-
ly professional, inclusive, open to new ideas and made
me feel welcome from the first day. As a scientist, I fo-
cussed my contributions on technical aspects, leaving
policy communication to the experts; however, the sci-
entific community and government agencies are work-
ing towards the same goals and better communication
can only benefit both. I would thoroughly recommend
others stepping across the line, if only for a short time”

(Disclaimer: the views and opinions presented in this
post are those of the author and do not necessarily reflect
those of the Department for Business, Energy, Industrial
Strategy (BEIS). )

Construction work at Hinkley C



TRANSCEND Academics seconded to BEIS

Laura Leay recently started a secondment to the gov-
ernment Department for Business, Energy and In-
dustrial Strategy (BEIS). Her knowledge of analytical
techniques that can be applied to radioactive waste
can be shared with BEIS, providing expert advice
that can be used to inform policy making.

At the start of her secondment, Laura spent a full
week working in London and had a chance to meet
the rest of the team at BEIS, attend a ‘meet the minis-
ters’ session and join project meetings in Whitehall.
Since then she’s worked from her office in the Dal-
ton Cumbrian Facility. The main project that Laura
is involved in will provide updated guidelines on re-
covery in the event of a release of radioactivity into a
public space. The project is a collaboration between
BEIS, Defra, Public Health England and the Environ-
ment Agency and, as well as providing guidance on
a remediation strategy, will also set-out which com-
pany or public body will be in charge at each stage
of the recovery process. So far, she’s looked at sever-
al software tools that can help estimate the volume
of waste that remediation techniques could produce
and is looking forward to the rest of the project which
will investigate where the waste could be stored, and
what the final fate of the waste would be.

Laura is also helping to organise a workshop to pro-
vide BEIS with the latest information on waste char-
acterisation methods that are currently in develop-
ment and could be applied to waste that might be
generated during decommissioning of nuclear sites.
This has relied on her network of contacts in industry
and academia and will provide government with the
latest information on technology that could change
practises in waste management.

Overall, the secondment has provided Laura with a
fresh perspective on the nuclear industry, building
on her previous experience with NNL and Areva as
well as her current research at the University of Man-
chester. She’s keen to continue her involvement with
BEIS and is looking forward to returning to London
later in the secondment.
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Porous materials are widespread in the nuclear industry due to their ability to take up radioac-
tive cations such as Cs, Sr and I. Natural zeolites and related materials have also been used at the
sites of nuclear disasters, for example Three Mile Island and Fukushima. Little research into the
mechanism of the ion exchange process has been undertaken as of yet — an understanding of
this and how it links to the material’s properties would help to develop new ion exchange resins
and also justify the use of naturally occurring materials for this purpose.
Aims
o Gain an understanding of the mechanism of ion exchange in Mud Hills clinoptilolite, the
material currently being used in Sellafield’s SIXEP effluent treatment plant
Look into alternative materials for Cs/Sr uptake from nuclear waste streams, e.g. the zeo-
type ETS-10
Perform synchrotron studies (Bragg diffraction and Pair Distribution Function) to monitor
the mechanisms of exchange and study the crystallography of these materials

Progress

Performed in-situ ion exchange experiments on beamline 111 at Diamond Light Source to mon-
itor the Cs-exchange process in Mud Hills clinoptilolite

Analysed X-ray data obtained and have observed changes in the clinoptilolite unit cell, cation
positions and cation occupancies




The irradiation of nanoparticles results in energy deposits, this can transport through them
in various manners. If the nanoparticles are in aqueous environments, the transport of energy
across the nanoparticle water interface can cause chemical changes in the surrounding water
media. The chemical products of this energy transportation can be used as powerful anticancer
agents, and thus has great relevance to healthcare applications. Similarly, the chemical changes
can also lead to the production of hydrogen, understanding this would help support safe
operations within the nuclear industry.
Aims
o  Via a computational simulation, energy will be directly deposited into metal oxide/
hydroxide nanoparticles and into the surrounding water media; emulating the effects of
radiation on sludges.
The energy transfer across the nanoparticle-water barrier will be calculated and the
resultant chemical changes will be modelled.
It is hoped that the models and simulations will offer a greater understanding of processes
at and across nanoparticle-water interfaces, and have a positive effect on both the
healthcare and nuclear industries.

Progress

o A basic simulation method of depositing radiation into a nanoparticle and calculating the
subsequent dose deposition has been developed using the TOPAS software.
This will be run with various nanoparticles and radiation types.




Off-gas has been a consistent issue with radioactive waste thermal treatment; the

environmental impact could be large and current ways of quantifying these gases are

unreliable and not in real time. A new or novel way of monitoring these off-gases in

real time could provide a valuable insight into the mechanics of melt evaporation and

help understand the environmental impact of thermal treatment. We will also aim to

reduce emissions by changing various conditions and components of the melt and

control their expulsion into the biosphere. In particular, this study will consider real-

time off-gas analysis and methods of reducing emissions, in the context of ILW thermal

treatment.

Aims

« Develop a new novel system for the real time monitoring of radionuclides

 Validate on inactive and active sites

« Monitor the effect of changing melt conditions and components on
emissions

Progress

 Literature review volatility of radionuclides in progress

« Benchmarking of current analysers in progress

 Training in glass preparation and analysis in progress




Radionuclide contamination in the ground is a huge problem at nuclear plants. But
how do we get it out? We can dig up and store the soil, but this doesn’t actually reduce
contamination, it just moves it. Plants, another possibility, are slow to grow. What

we do, at Southampton, is electrocute soil to move ions (like 137Cs+) within chosen
areas of the substrate (like a negatively charged cathode), minimising waste volumes.
Electrokinetic remediation (literally, moving things with electricity) is an exciting
technology to tackle radioactive contamination and we’re scaling this up. EKR has
already been used to remediate plutonium-containing soil at Aldermaston.

Aims

emerging sustainable remediation ideas and previous proof-of-concept work to
develop novel ex-situ and in-situ low-energy electrokinetic based remediation,
stabilisation or clean-up approaches for complex site materials at working (and
legacy) nuclear sites




This PhD project aims to develop a new biomineral concrete repair strategy
Degraded concrete samples taken from Davenport, Plymouth, will be repaired
and then tested for shear and unconfined compressive strength. The results will

be compared with more traditional repair techniques in the laboratory. The main
target of the project will be to develop a model that simulates both the repair and
subsequent failure of the samples. This model will then be used to improve the
design of the repair strategy and to provide information for field trials which will
be conducted in year-3 of the PhD.

This project will be focused on Microbially Induced Carbonate Precipitate (MICP)
via urea hydrolysis. MICP has been proposed for a number of engineering
problems such as soil strengthening, permeability reduction, sealing fractured rock
and more. No research has yet modelled MICP repaired concrete. Such a model
will help to identify key controls on the mechanical behavior of treated concrete
and can be used to develop improved treatment strategies. Modelling will be at the
mesoscale level (mm-cm) and will explore the behavior of composite concrete/
calcite materials under various loading conditions within a Finite Elements
Modelling (FEM) Framework.




The aim of the current PhD project will be to develop and characterise a realistic MOX spent
fuel simulant and use it to investigate the corrosion/leaching behaviour of MOX spent fuel
under conditions analogous to those found in a GDF both (i) pre-closure and (ii) post-closure
(oxic and anoxic conditions respectively).

Aims

o  Production and characterisation of simulated unused MOX fuels to serve as baseline sys-
tems.

o  Production and characterisation of simulated used MOX fuels..

o Solution phase electrochemical corrosion and leaching behaviour studies of MOX sim-
ulants, aiming to obtain fuel dissolution rates as a function of key variables such as pH,
salinity, O2 availability and temperature.

o Facilitated by collaboration with NNL, to assess how closely the simulants represent the
physico-chemical and materials properties of real spent fuel.

Progress

Literature Survey/Review commenced.

Identified CeO2 (Ceria) as a PuO2 surrogate.

Currently preparing to produce first pure CeO2 pellet and mounting to make an electrode for

electrochemical corrosion studies.

Designing matrix of experiments to be performed.




About 140 tonnes of Pu are stored at the UK Sellafield site alone, the product of approximately 50 year’s
civil nuclear fuel reprocessing. The high radioactivity and half-life of these Pu-containing waste-forms
necessitate intermediate storage, followed by recycling as mixed-oxide fuels or long-term disposal in a
geological repository. Pu waste is generally stored as calcined plutonium oxide powders. Although typically
sealed against environmental water ingress, the atmosphere may contain significant amounts of water. It is
therefore essential to understand the behaviour of plutonium oxide under storage conditions, particularly
in the presence of water, so ensure any interactions over time do not compromise the integrity of the
storage systems used.

Aims

Develop method of depositing thin-films of PuO2 and PuO2-structural analogue surfaces, particularly
CeO2 and ThO2.

Design and build an imaging system capable of visualising thin-film surfaces under controlled humidity.
Measure the contact angle of water droplets on PuO2 analogue surfaces at a range of humidities and
calcination temperatures.

Subject PuO2 analogue surfaces to alpha particle bombardment to simulate aging of radioactive material.
Measure the contact angle of water droplets on the aged surfaces

Calculate surface-roughness and wettability factors, and determine the effect of radioactive aging.
Progress

Thin-films of CeO2 and ThO2 have been produced on glass and metal (Al Ti) substrates.

Prototype imaging system built and initial contact angle measurements taken at a range of humidities and
calcination temperatures.

Calculations of alpha particle energies to produce different amounts of damage, and discussion with DCF
to organise use of the ion beam there.




Monitoring the corrosion behaviour of spent nuclear fuels (SNFs) is required to

ensure safety and to inform decisions on future treatment and disposal options. It

is possible that this can be achieved using remotely operated techniques, including

the laser-base methods of Raman, time-resolved laser fluorescence (TRLES) and

laser-induced breakdown (LIBS) spectroscopy. Characterisation of natural uranium

minerals, representing potential corrosion species, provides essential reference spectra

for identification and purposes whereas real-time corrosion experimental simulation of

the corrosion process(es) on thin film surrogates will help validate models of reaction

pathways and kinetics.

Aims & Objectives

o Characterise a large range of uranium-bearing minerals, analytical grade
uranium compounds and uranium-bearing solutions by laser fluorescence,
Raman and laser-induced breakdown spectroscopy.

o Build database of characterised uranium phases.

Progress

Successful characterisation of a selection of uranium bearing minerals (loaned
from the British Geological Survey and the National Museum of Wales) and
uranium-bearing compounds (Universities of Surrey and Sheffield).




Interactions between radiation and water is known to produce several products both
stable and reactive. The production of hydrogen as one of the final stable products is
particularly concerning for plutonium storage at the Sellafield site, potentially having
ramifications for storage integrity. Water adsorbed to a metal-oxide interface is known
to heavily influence the radiolytic hydrogen yield. While the use of uranium as an
interface has been shown to increase the yield, thorium has yet to be explored in this
context and may prove useful for predicting the radiochemical properties of plutonium
during storage.

Aims & Objectives
Determine the yield of gas (mainly hydrogen) produced from water adsorbed to
UO2 and ThO2 surfaces after undergoing irradiation.
Ascertain the of hydrogen yield when modifying variables such as RH% and sam-
ple mass
Model the hydrogen-water-oxide interactions during irradiation.
Assess the suitability of ThO2 to act as a PuO2 surrogate




A small portion of the 140 tons of UK civil Plutonium stockpile has been considered as unsuitable for
reuse as fuel. Zirconolite glass-ceramics, produced by Hot Isostatic Pressing (HIP), were selected as a
promising immobilisation matrices for these so-called plutonium residues. Recent work by the University
of Sheffield has shown, for materials using U and Ce as a surrogate for Pu, that zirconolite glass-ceramics
exhibit good radiation stability, however, the aqueous durability of these materials in a geological disposal
facility is not understood. An understanding of the efficacy of using Ce, Th and U as surrogates for Pu
during durability studies is also required.

Aims

We aim to resolve the key uncertainties pertaining to zirconolite ceramic/glass-ceramic dissolution in
support of RWM S&T plan. The key objectives are to:

Understand the effects of relevant geochemical parameters on the kinetics and mechanisms of dissolution
of HIP-ed ceramic/glass-ceramic zirconolite materials, using Ce and U as surrogates for Pu, and provide
an assessment of representative leaching rates;

Perform selected experiments to understand the dissolution of 239Pu-doped ceramic/glass-ceramics, to
understand the effect of solution radiolysis on the dissolution rate of glass-ceramics, in comparison to
surrogate materials;

Establish a series of long-term (1 - 3y) dissolution experiments with 239Pu-doped samples, to inform the
design of a future work programme to understand the fundamental material dissolution rates.

Progress

Previous research (S. Thornber — DISTINCTIVE project) has shown that the microstructure and the
partitioning of Pu in zirconolite ceramics/glass-ceramics, synthesised by HIP, is the same as the Ce and U
surrogate samples. Further samples are currently being synthesised (using Ce and U) for initial dissolution
studies.




The overall aim of the project is to construct the basis for a predictive tool for
spent fuel behaviour; to model spent fuel in aqueous environments, across
length-scales, using results from atomistic simulations, using physical and
chemical kinetics, combining radiolysis models with molecular dynamics. We
plan to close the loop between experiment and theory, by designing experi-
ments that mimic and test the idealized scenarios implicit in these models. This
project will bring the theorists and experimentalists together on a joint venture;
retaining, building and developing knowledge-base for future generations.

Later, we plan to increase the complexity of the model; adding defect impurities,
lattice damage, modifying the crystallography and the stoichiometry. We plan
to vary the physical and chemical environment; mimicking the fuel in the spent
fuel pool, in long-term storage and in operation, during an accident scenario. In
the longer term, this approach will be extended to exotic fuels (nitrides, silicides
for example), linking to work in the ATLANTIC consortium.




Despite a range of existing soil and water remediation, and waste clean-up, tech-
niques available to nuclear site managers, effective in-situ and ex-situ remedi-
ation remain a common technical challenge, particularly at sites with complex
or low permeability soils / subsurface geology, and on working sites or sites
with considerable surface and subsurface infrastructure. This research builds

on emerging sustainable remediation ideas and previous proof-of-concept work
at the AWE Aldermaston site to develop novel ex-situ and in-situ low-energy
electrokinetic based approaches that can be flexibly applied to different site
materials and work around existing site infrastructure, providing new and flex-
ible approaches for complex site materials (including low-permeability soils) at
working (and legacy) nuclear sites.




Waste suspension flows are encountered across the nuclear sector, and their
characterisation is of great importance to the safe transport of radioactive
material. A waste treatment program that has received high priority in re-

cent years, is the retrieval of legacy waste sludge from historical ponds to safe
interim storage facilities. Suspension transfer via pipeline has encountered
several problems resulting from a lack of relevant design data. As such, opera-
tions are often run with extreme caution and not necessarily at their optimum,
which may cause further downstream problems. For example, to mitigate the
potential for radioactive particles to block pipes, high flowrates are employed,
leading to shear breakdown of aggregates that reduces waste consolidation
rates downstream in the interim stores. This project seeks to understand these
issues and overcome pipeline transportation problems in two ways - the devel-
opment of an online acoustic backscatter technique for remote characterisation
of particle size and concentration online, and the use of polymer additives to
modify slurry characteristics enabling safe and efficient slurry transport.
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