14 Months and Counting

At the time of writing, we have only
14 months to go before the end of the
TRANSCEND project in September 2023.
Much has been achieved since we started
the project in October 2018, and in spite
of the global pandemic. Although our
researchers at PhD and post-doctoral
levels were all affected to some extent by
its impact, they have worked tirelessly to
achieve the original objectives of their
individual projects and those of the
collaboration as a whole, with the effects
of covid on their work to some extent
mitigated by project extensions funded
from savings elsewhere on the project,
and by the participating universities and
key project partners. And despite the
pandemic, new collaborations and working
practices have been established between
researchers at different universities
through the sharing of facilities, new
joint  experimental and numerical
simulation programmes of work, and
the combination of research to generate
novel techniques and strategies for waste
management and  decommissioning.

Notable achievements to date
include (but are not restricted to):
. The development of novel
synthesis methods for new materials
to remove radionuclides from effluent
. Demonstration that behavioural
modification techniques, implemented
using additives, are able to improve
the flow, mixing and separation of
liquid-solid wastes during retrieval and
post operational clean out operations
. Confirmation that the application
of colloidal silica grout to repair
damaged cementitious waste packages
restores strength to fractured cement
. Demonstration that
electrokinetics form an in-situ barrier that
preventsradionuclidemigrationwithinsoils
. The use of laser-based techniques

to develop a spectral database for spent fuel
applications which will be shared asan open-
access resource for nuclear inspections
and decommissioning applications
. Establishment of the properties
and release behaviour of products arising
from metallic and exotic fuel corrosion
under ‘partially wet' and post-closure,
geological disposal facility conditions
. The use of experimental work
to develop novel techniques for the
measurement of water adsorption at
actinide oxide surfaces (with measurements
on PuO2 surfaces imminent)
. The wuse of comprehensive
experimental programmes to reduce
uncertainties relating to the wuse of
ceramic/glass-ceramic ~ waste  forms
for Pu disposal under conditions
relevant to a geological disposal facility

Researchfindingsarebeingcomprehensively
disseminated into industry and are
already being incorporated into strategy
developments for UK decommissioning.
We also continue to make use of active
facilities within the UK and overseas to add
value to existing individual projects and
provide valuable training for researchers.
Flexi-funds have so far supported 9 active
projects spread across 5 universities, with
a further 2 projects under consideration.

In terms of overall impact, we continue
to hold Annual and technical Theme
Meetings, and attend other important
dissemination events, with a number of
challenge-led meetings planned for the near
future to harness the collective experience
of the consortium in meeting specific
industry needs-led research challenges, in
particular in relation to Pu management
and digital twins. Additionally, the project
is impacting on policy through academic
membership of key governmental
committees, advice to government reviews
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and the continued secondment of staff
to BEIS. We also continue to develop
our YouTube channel, and VR activity,
exploring nuclear energy challenges
and solutions, as well as a public
outreach activity aimed at members
of the public as well as schools.

This edition of the newsletter includes
reports on various meetings, impact
activities, researcher success and,
most importantly, project progress.
And a date for your diaries. The 3rd
Annual Meeting of the TRANSCEND
consortium will be held in Glasgow
over 1st and 2nd November 2022

and we look forward to seeing you

at the event. Updates and further
details will be posted on our website
(transcendconsortium.org) and on
Twitter (@Transcend epsrc) in due
course.

I hope that you enjoy this newsletter.

Mike Fairweather

(M.Fairweather@leeds.ac.uk)



Our 2nd annual meeting took place in Harrogate |

over the 10th and 11th November 2021. After
nearly two years of online meetings it was a
delight to hold the meeting as an in person event
and have long overdue catch-ups with colleagues,
researchers and industry representatives. For
those unable to meet in person we also enabled
online attendance.

Over 120 representatives from academia,

industry and government bodies learnt about our I

latest research findings.

Keynote presentations were given by Rick Short
(NDA), Katherine Eilbeck (Sellafield), Lucy
Bailey (RWM) and Tom Rookes (BEIS).

Twenty-two technical presentations by
TRANSCEND researchers covered the latest
findings from our 4 themes: Integrated Waste
Management; Site Decommissioning &
Remediation; Spent Fuels; Nuclear Materials.

The thirty-six posters displayed throughout the
proceedings created much interest during the
networking breaks.

During the final session of the meeting the
audience learnt about the National Nuclear User
Facility (NNUF) and the GREEN and Nuclear
Energy CDTs.

A drinks reception and meeting dinner were held
in the magnificant surroundings of The Royal
Hall, Harrogate.
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WM2022 is the leading international
conference for the management of radioactive
waste  and  related topics. A large
contingent of Brits attended as the United
Kingdom was the featured country.

TRANSCEND once again had its own
dedicated session which included seven
presentations - providing an overview
of the programme, our four research

themes, active research and an industry
perspective of TRANSCEND.

TRANSCEND also had a number of associated
presentations in other sessions which
were well received.

We also hosted a stand within the UK
pavillion at which Ross Springell (University
of Bristol) demonstrated the VR NuclearVerse
experience which is currently under
development.

TRANSCEND researchers Dominic Laven-
tine and Elanor Murray received ‘Superior’
ratings for their papers. As did two of our as-
sociated students - James Kennedy and Serish
Hussain.

Congratulations to two of our PhD students
- Elanor Murray (University of Birmingham,
Front row 2nd from right) and Angus Siberry
(University of Bristol, Back row 3rd from left)
- who were awarded Roy G Post Foundation
Graduate Scholarships to attend the meeting.




The 2022 Theme Meetings were held at Lancaster
University over 24th & 25th May 2022.

Ninety attendees learnt about the latest research and = ==y
developments in our programme and heard from
some of our industry partners.

The meetings provided a variety of presentations and
generated some stimulating discussions.

Posters from the meetings are on the TRANSCEND
website.

Future meetings

The 3rd Annual Meeting of the TRANSCEND Consortium will be
held in Glasgow over 1st & 2nd November 2022.

Industry challenge-led meetings are also being planned.

Updates will be posted on the website (
) and on Twitter ( ).




Congratulations to Angus Siberry (Universi-
ty of Bristol) who made it through to the UK
final of the Institute of Materials, Minerals and
Mining young persons lecture competition on
4th May. He was one of six finalists competing
for the opportunity to represent the UK in the
Young Persons World Lecture Competition.

Mike Fairweather, Ross Springell and Lois
Tovey manned the TRANSCEND stand at
the NDA’s 9" Supply Chain Event held in

Telford on 21 July 2022.

The event is aimed at attracting new business
to the nuclear decommissioning sector and is
now the largest event of its kind anywhere in
Europe.

As well as raising the profile of TRANSCEND
and introducing The NuclearVerse to the
1700 attendees, the event provided a good
networking opportunity and a chance to re-
connect with old friends.




The NuclearVerse

TRANSCEND has a joint venture with AWE
and the Royal Society of Chemistry that is
funding the development of the ‘NuclearVerse’
- exploring nuclear energy challenges through
VR.

Rad Dose

Research carried out as part of his PhD project
has led Angus Siberry to develop an open-
source web application - RadDose - a model-
ling tool to simulate the dose of radiation from
radionuclide-containing solids exposed by
surrounding media. Further information may

be found here http://rad-dose.herokuapp.com/

Green Nuclear Future

TRANSCEND now has a YouTube channel.
We will be gradually uploading videos about
TRANSCEND and our researchers.
https://www.youtube.com/watch?v=jVjX-

V4FqspU
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The following pages include updates on the progress of our research projects.

If a researcher has listed something that you and/or your organisation can help with, we
strongly encourage you to get in touch. Engagement and collaboration (academic and
industrial) remains a priority of the consortium. Please email Dr Lois S. Tovey (Ltovey@
leeds.ac.uk) in the first instance.










Wastes selected and loaded into mixture windscale (MW) and calcium zinc
(CaZn) glass surrogates over a range of 30-80% WL. Off-Gas analysis and
capture system has been developed and validated using impingement method
of capture from a heated furnace up to 1150°C. Waste loaded glasses have been
tested for caesium volatilisation in this system over 0-2wt% doping with Cs-
2CO3 by capture and analysis by ICP-MS. This is to ascertain the volatilisation
behaviour of radioactive waste melts for pollutants such as caesium and some
halides. In the future we plan to investigate ways of reducing and controlling
these emissions and investigating other pollutant gases from raw ILW.




Recently completed):

. year-long experimental series on in-situ barriering technologies (Fer-
ric-iron remediation and stabilisation) in real nuclear site materials for sorption;
two papers, one being written and one shortly to appear in press

. Work exploring scalable electrochemical degradation methods for PFAS
remediation (of relevance to nuclear as PFAS are common fire retardants);
paper shortly to appear in press

. developing and testing novel sorbent materials for Cs/Sr remediation
with University Hospital Lausanne in Switzerland; paper shortly to appear in
press

Ongoing):

. collaborations with AWE, NNL, NDA, and Universities of Reading and
Bristol developing sustainability assessments for electrokinetic remediation,
possibly coupled with phytoremediation. Shortly to appear in press

. Ongoing collaborations with University of Strathclyde, will shortly be
starting silica gel grouting work for borehole engineering at nuclear sites

. temporal assessment of radionuclide changes in vulnerable coastal
mashes using X-ray fluorescence

. development of a decision support tool (DST) to support options ap-
praisal for the nuclear decommissioning process (with NDA/NNL)



















Atomistic Simula-
tion of the ageing of
PuO,

Elanor Murray,
PhD,
University of Birmingham

Have begun using molecular dynamics (LAM-
MPS) to simulate helium incorporation in PuO,
Have increased helium bubble sizes in the lattice
used the nudged elastic band technique to inves-
tigate helium atoms joining and leaving bubbles.
Helium diffusion has also been simulated and
have found plutonium vacancies to be a trap site
for the helium atoms. Will be giving a poster
presentation at WM2022.




Advanced characterisa-
tion for suspension waste
pipe flows with acoustic
backscatter and behaviour
modification polymeric
additives.

Joseph Hartley,
PhD,
University of Leeds

Understanding of the acoustic theory and its application to acoustic
backscatter systems to determine sediment characteristics, specifical-
ly the concentration independent sediment attenuation coefficient,

has been undertaken. Training in the use of Python coding language
and proficiency in using this platform for data analysis has also been
completed. Preliminary acoustic backscatter data for sediment particle
size analysis of two sizes of as received spherical glass beads has been
collected. As well as some control data on sediment particle size from a
Malvern Mastersizer 3000. Sediment attenuation coefficients were cal-
culated for both in situ and ex situ probes for these data which includ-
ed data gathered at 2MHz and 4MHz frequencies. A sieve shaker has
been setup to narrow the particle size distribution (PSD) of as received
spherical glass beads to determine the effect of smaller PSDs on acous-
tic data.




Publications

The following are some recent peer-reviewed papers and articles published since the programme started in Octo-
ber 2018.

Synthesis and characterisation of Cal-xCexZrTi2-2xCr2xO7: Analogue zirconolite wasteform for the im-
mobilisation of stockpiled UK plutonium

Lewis R. Blackburn, Shi-Kuan Sun, Sebastian M. Lawson, Laura J. Gardner, Hao Ding, Claire L. Corkhill,
Ewan R. Maddrell, Martin C. Stennett, Neil C. Hyatt

Journal of the European Ceramic Society Volume 40, Issue 15, December 2020, Pages 5909-5919

A systematic investigation of the phase assemblage and microstructure of the zirconolite CaZr1-xCexTi2O7
system

Lewis R. Blackburn, Shikuan Sun, Laura J. Gardner, Ewan R. Maddrell, Martin C. Stennett, Neil C. Hyatt
Journal of Nuclear Materials Volume 535, July 2020

Computational Study of the Bulk and Surface Properties of Minor Actinide Dioxides MAnO2 (MAn = Np,
Am, and Cm); Water Adsorption on Stoichiometric and Reduced {111}, {110}, and {100} Surfaces

Jia-Li Chen and Nikolas Kaltsoyannis

J. Phys. Chem. C 2019, 123, 25, 15540-15550

Reactive spark plasma sintering of Cs-exchanged chabazite: characterisation and durability assessment
for Fukushima Daiichi NPP clean-up

Liam. C. Harnett, Laura. J. Gardner, Shi-Kuan Sun, Colleen Mann & Neil. C. Hyatt

DOI: 10.1080/00223131.2019.1602484

Safe management of the UK separated plutonium inventory: a challenge of materials degradation
Neil C. Hyatt
npj Materials Degradation 4, 28 (2020)

Preliminary investigation of chlorine speciation in zirconolite glass-ceramics for plutonium residues by
analysis of Cl K-edge XANES

Amber R. Mason, Stephanie M. Thornber, Martin C. Stennett, Laura J. Gardner

MRS Advances Volume 5, Issue 1-2 (Scientific Basis for Nuclear Waste Management XLIIT)2020 , pp. 37-43

Density ratio effects on the topology of coherent turbulent structures in two-way coupled particle-laden
channel flows

L.F. Mortimer and M. Fairweather

Physics of Fluids 32, 103302 (2020)

Near-wall dynamics of inertial particles in dilute turbulent channel flows
L. F. Mortimer, D. O. Njobuenwu and M. Fairweather
Physics of Fluids 31, 063302 (2019)

Agglomeration dynamics in liquid—solid particle-laden turbulent channel flows using an energy-based
deterministic approach

L. F. Mortimer, D. O. Njobuenwu and M. Fairweather

Physics of Fluids 32, 043301 (2020)

Enhanced electrokinetic remediation of nuclear fission products in organic-rich soils
Jamie M. Purkis, Andrew Tucknott, lan W. Croudace, Phil E. Warwick, Andrew B. Cundy,
Applied Geochemistry - in press



Publications

Simulation of Fully Resolved Particle-Particle Interactions in Turbulence with Behavioural Modifi-
cation

L.F. Mortimer, M. Fairweather and Njobuenwu

10th International Conference on Multiphase Flow — ICMF 2019, Rio de Janeiro, Brazil, 19th-24th May
2019, Paper OC.389, 2019.

A Feasibility Investigation of Laboratory Based X-ray Absorption Spectroscopy in Support of Nu-
clear

Waste Management

L.M. Mottram, M.C. Dixon Wilkins, L.R. Blackburn, T. Oulton, M.C. Stennett, S.K. Sun, C.L. Corkhill
andN.C. Hyatt

MRS Advances Volume 5, Issue 1-2 (Scientific Basis for Nuclear Waste Management XLIII)2020 pp.27-
35

Managing our plutonium legacy (2019)
N.C. Hyatt
Science in Parliament, Vol 5 Issue 3

Observation of dose-rate dependence in a Fricke dosimeter irradiated at low dose rates with mo-
noenergetic X-rays

Mel O’Leary, Daria Boscolo, Nicole Breslin, Jeremy M. C. Brown, Igor P. Dolbnya, Chris Emerson,
Catarina Figueira, Oliver J. L. Fox, David Robert Grimes, Vladimir Ivosev, Annette K. Kleppe, Aaron
McCulloch, Ian Pape, Chris Polin, Nathan Wardlow & Fred J. Currell

Scientific Reports volume 8, Article number: 4735 (2018)

The role of crystal orientation in the dissolution of UO2 thin films

S.Rennie, E.Lawrence Bright, J.E.Sutcliffe, J.E.Darnbrough, R.Burrows, J.Rawle, C.Nicklin, G.H.Lander,
R.Springell

Corrosion Science Volume 145, December 2018, Pages 162-169

Rapid synthesis of zirconolite ceramic wasteform by microwave sintering for disposition of plutoni-
um

Zi-JunWei, Lewis R. Blackburn, Laura J. Gardner, Sheng-Heng Tan, Shi-Kuan Sun, Wei-Ming Guo, Neil
C.Hyatt, Hua-TayLin,

Journal of Nuclear Materials Volume 539, October 2020, 152332

Solubility, speciation and local environment of chlorine in zirconolite glass—ceramics for the immo-
bilisation of plutonium residues

Stephanie M. Thornber, Lucy M. Mottram, Amber R. Mason, Paul Thompson, Martin C. Stennett and
NeilC. Hyatt

RSC Advances Issue 54, 2020

Raman analysis of meta-autunite

V. Frankland, R. Bance-Souhali and D. Read

Environmental Radiochemical Analysis VI: 79-88, 2019. RSC Special. Pub. 354. IBSN:978-1-78801-
735-0.

Characterisation of meta autunite: Towards identifying potential alteration products of spent nucle-
ar fuel

V. Frankland, A. Milodowski and D. Read.

Appl. Geochem. 123: 104792, 2020. DOI: 10.1016/j.apgeochem.2020.104792



Publications

Influence of Transition Metal Charge Compensation Species on Phase Assemblage in Zirconolite Ceramics
for Pu Immobilisation

L.R. Blackburn, S.K. Sun, L.J. Gardner, E.R. Maddrell, M.C. Stennett and N.C. Hyatt

MRS Advances , Volume 5 , Issue 1-2: Scientific Basis for Nuclear Waste Management XLIII , 2020 , pp. 93 -
101

Synthesis of zirconolite-2M ceramics for immobilisation of neptunium

Zi-Jun Wei, Weichao Bao, Shi-Kuan Sun, Lewis R.Blackburn, Sheng-HengTan, Laura J.Gardner, WeiMingGuo, Fang-
fangXu, Neil C.Hyatt, Hua-TayLin

Ceramics International Volume 47, Issue 1, 1 January 2021, Pages 1047-1052

Application of plasma mass spectrometry for half-life measurement of medium and long lived radionuclides.
E. Braysher, B. Russell and D. Read.
J. Phys. Conf. Ser. 1643 012207 (2020).

The use of Raman and TRLF spectroscopy for differentiating early stage alteration products of Spent
Nuclear Fuel.

V. Frankland, A. Milodowski, J. Bright and D. Read.

Accepted by Appl. Geochem.

Crystal and Electronic Structures of A2NalO6 Periodate Double Perovskites (A = Sr, Ca, Ba): Candidate
Wasteforms for I-129 Immobilization

Sarah E. O’Sullivan, Eduardo Montoya, Shi-Kuan Sun*, Jonathan George, Cameron Kirk, Malin C. Dixon
Wilkins, Philippe F. Weck, Eunja Kim*, Kevin S. Knight, and Neil C. Hyatt

Inorg. Chem. 2020, 59, 24, 18407-18419

The formation of stoichiometric uranium brannerite (UTi206) glass-ceramic composites from the
component oxides in a one-pot synthesis

Malin C.Dixon Wilkins, Martin C.Stennett, EwanMaddrell, Neil C.Hyatt

Journal of Nuclear Materials, Vol 542, 2020, 152516

Molten salt synthesis of Ce doped zirconolite for the immobilisation of pyroprocessing wastes and
separated plutonium

Amber R.Mason, Florent Y.Tocino, Martin C.Stennett, Neil C.Hyatt

Ceramics International Vol. 46, Issue 18, Part A, 15 December 2020, Pages 29080-29089

Volume 46, Issue 18, Part A, 15 December 2020, Pages 29080-29089

The Effect of Temperature on the Stability and Cerium Oxidation State of CeTi206 in Inert and Oxidizing
Atmospheres

Malin C. Dixon Wilkins, Ewan R. Maddrell, Martin C. Stennett, and Neil C. Hyatt

Inorg. Chem. 2020, 59, 23, 17364-17373

Structure of NaFeSiO4, NaFeSi206, and NaFeSi30O8 glasses and glass-ceramics

Mostafa Ahmadzadeh; Alex Scrimshire; Lucy Mottram; Martin C. Stennett; Neil C. Hyatt; Paul A. Bingham;
John S. McCloy

American Mineralogist (2020) 105 (9): 1375-1384.

Characterisation and disposability assessment of multi-waste stream in-container vitrified products for
higher activity radioactive waste

Sam A.Walling, Marcus N.Kauffmann, Laura J.Gardner, Daniel ].Bailey, Martin C.Stennett, Claire L.Corkhill,
Neil C.Hyatt

Journal of Hazardous Materials, Volume 401, 5 January 2021, 123764



Developing field-scale, gentle remediation options for nuclear sites contaminated with 137Cs and 90Sr: The
role of Nature-Based Solutions

J. M. Purkis, R. Paul Bardos, J. Graham, A. B. Cundy

Journal of Environmental Management, 308, 114260, https://doi.org/10.1016/j.jenvman.2022.114620






