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KATHERINE BATES 
 
MOLECULAR HYDROGEN PRODUCTION AND DEGRADATION OF 
REPROCESSING SYSTEMS BY ALPHA AND GAMMA RADIOLYSIS 
 
Katherine Bates and Simon Pimblott    University of Manchester 
  
 
 
Investigations into the hydrogen production of reprocessing systems by alpha 
and gamma radiolysis with special attention to the use of the novel ligand, 
TODGA  
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GHEBREHIWOT BERHANE 
 
 
NANO-STRUCTURED BETA DETECTORS FOR THE DETECTION OF 
TRITIUM (NANODOT) 
 
Ghebrehiwot Berhane, Colin Boxall, Malcolm Joyce and Jackie Pates, Lancaster University 
	  
 
Tritium is a radioactive isotope of hydrogen and that is hazardous to human 
health. It decays to 3He by emitting a soft beta that makes it difficult to detect. 
However, there is an ongoing need to detect tritium in environmental matrices 
for e.g. leak detection around nuclear licensed sites.  
 
We have developed an electrolytic technique that allows us to selectively 
preconcentrate tritium into porous and non-porous palladium layers from a 
range of aqueous phase sample matrices. The tritium that has been absorbed 
may then be more effectively measured in situ or ex situ by radiometric assay.   
 
The presence of porosity allows us to more effectively measure beta radiation 
emitted from tritium absorbed within the palladium matrix by avoiding 
problems associated with self-shielding. Porous Pd layers exhibit higher counts 
per minute than their counterpart non-porous layers. 
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THOMAS DONOCLIFT 
 
CHEMISTRY FOR NUCLEAR APPLICATIONS 
 
Thomas A Donoclift, Simon M Pimblott   University of Manchester 
 
  
 
 
The radiolysis of water and aqueous solutions is known to produce stable 
molecular species such as H2, O2 and H2O2 as well as a number of unstable 
reactive radical species such as ·OH, ·H, eaq

- , HO2· and H+. These products are 
unfavourable in many processes in the nuclear industry, as H2 and O2 pose a 
combustion hazard and H2O2 and other radical species play a role in corrosion 
processes. It is therefore important to be able to understand and predict the 
concentrations of radiolytically produced species over long periods of time and 
under a variety of physical and chemical conditions. Current understanding of 
the radiolysis process, as well as experimental data, can be used to a build 
computational kinetic model for aqueous radiolysis that can be used to further 
understand the radiolysis process as well make predictions of the concentrations 
of radiolytically produced species.   



UNTF CONFERENCE: 14 – 16 APRIL 2014 
 

POSTERS’ ABSTRACTS 
 
 

HELEN HULME 
 
 
A STUDY OF THE OXIDATION STATE OF TIN IN ZIRCONIUM ALLOY 
OXIDES USING XANES 
 
Helen Hulme, Michael Preuss, Stuart Lyon, Axel Steuwer, Katarina Noren, Stefan Carlson, Jianfei Wei, Maria 
Ivermark, Robert J Comstock, University of Manchester 
	  
 
Zirconium alloys are used as fuel cladding material in nuclear reactors; 
however, the corrosion mechanism for zirconium and its alloys is still not well 
understood. Tin is a common alloying element due to its material strengthening 
properties, but is known to have a detrimental effect on the corrosion behaviour. 
However, tin is particularly difficult to study as it forms a solid solution in the 
zirconium matrix. This poster describes results from the first measurement of 
the Sn L3 edge in zirconium alloy oxide films using X-ray absorption near edge 
structure (XANES). Results indicate the presence of both Sn(II) and Sn(IV) in 
the oxide film, which has interesting implications as to the corrosion mechanism 
occurring. This poster highlights the results from this work and discusses how 
this fits with the current mechanistic understanding of the role tin plays in 
zirconium corrosion. 
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MATTHEW ISAACS 
 
 
SYNTHESIS OF SUPERPLASTICISERS TAILORED FOR 
APPLICATIONS IN NUCLEAR  DECOMMISSIONING AND STORAGE 
 
Matthew Isaacs, Steve Christie, Steve Edmondson, David Read, Univeristy of Loughborough 
 
	  
The use of polymeric superplasticisers in the nuclear industry confers a number 
of benefits. These include the possibility of using construction industry standard 
cement powders with greater security of supply, enhanced workability and 
reduced water content. There are also disadvantages however, notably an 
increase in bleed water and the potential to increase the solubility and hence, 
mobility of radionuclides. 
 
This work aims to identify problematic functional groups associated with the 
polymers and to synthesise PCE-based formulations that overcome the above 
disadvantages without comprising performance. A series of novel 
superplasticisers has been synthesised for use with fly ash and slag blends. They 
are now being assessed for use in geological disposal via solubility and leach 
tests with selected radionuclides (63Ni, 241Am, 238U and 239Pu).  
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SABER KHAYATZEDEH 
 
CREATION OF RESIDUAL STRESSES DURING VITRIFICATION AND 
CONTAINMENT OF NUCLEAR WASTE, SCALED EXPERIMENTS AND 
MODELLING 
 
Saber Khayatzadeh, Chloe Togna, D.J. Smith, University of Bristol 
 
Highly active nuclear waste products are stored by introducing them into 
borosilicate glass that is poured into stainless steel containers, using a process 
called vitrification. This process leads to the formation of thermal and residual 
stresses in the glass and container. If the stresses are sufficiently high cracks are 
generated in the glass, which in turn can lead to migration of radiological 
species from the glass to the container. The purpose of this research was to 
design and develop scaled experiments  to measure and predict the formation of 
thermal and residual stresses using sugar as a surrogate for glass in scaled down 
steel containers.   
 
 
 
 



UNTF CONFERENCE: 14 – 16 APRIL 2014 
 

POSTERS’ ABSTRACTS 
 
 
	  
UCHENNA OPARAJI 
 
RADIOLOGICAL SAFETY EVALUATION AND UNCERTAINTY 
ANALYSIS OF SPENT FUEL MANAGEMENT AND DISPOSAL 
 
Uchenna Oparaji    University of Liverpool 
 
In 2009, the UK Nuclear Decommissioning Authority’s Radioactive Waste 
Management Directorate (RWMD) contributed to the Generic Design 
Assessment process for new nuclear reactor designs and concluded that the 
spent fuel from the new nuclear reactor designs are expected to be disposable. 
On the other hand, the first nuclear power plant in Taiwan that has been 
commercially operated for 33 years. Impending shortage problem of spent fuel 
storage needs to be solved to maintain the normal plant operation and to prepare 
for a possible plant lifetime extension. Decommissioning at the end of its 
licensing period of 40 years is also one of the options. Either way, reliable 
radiological safety evaluation and uncertainty analysis of spent fuel 
management and disposal are important to meet the regulatory requirement and 
mitigate public concern. 
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ELIZABETH PARKER-QUAIFE 
 
 
CORROSION AND CRUD: THE EFFECTS OF RADIATION ON 
STAINLESS STEEL AND INCONEL CORROSION  
 
Elizabeth Parker-Quaife, Fabio Scenini, Aliaksandr Baidak, Simon Pimblott   University of Manchester 
	  
 
The radiation effects on corrosion and CRUD.  
 
EPQ, FS, AB, SMP 
 

a) DCF 
b) SoC 
c) SoM 

This project aims to develop an understanding of the influence of radiation on 
corrosion for a series of Ni containing Stainless Steel (SS) alloys. It is an 
investigation into corrosion, oxide formation, product release and transportation 
under simulated PWR conditions. We will develop an experimental technique 
that is able to monitor the corrosion of a SS alloys at high temperature and 
pressure under the influence of radiation. The investigation will use gamma and 
proton irradiations to determine the effects it has on corrosion and corrosion 
product release, investigate the radiation effects on corrosion using 
electrochemical and surface techniques along with spectroscopic techniques, 
including but not limited to cyclic voltammetry, SEM, impendence 
spectroscopy and Raman spectroscopy). All the experimental data will be used 
alongside literature information and incorporated into a CRUD simulation 
model.  
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DIMITRI PLETSER 
 
 
DEVELOPMENT OF IMMOBILISATION PROCESS FOR HIGH DOSE 
SPENT ADSORBENTS FROM FUKUSHIMA 
 
Dimitri Pletser (Imperial College London), Prof. Bill Lee (Imperial College London), Dr. Masao Chaki (Hitachi 
Ltd). 
 
 
The accident at Fukushima has led to the generation of enormous volumes of 
High Dose Spent Adsorbents (HDSA) which are currently stored on-site but 
need to be immobilised in a solid wasteform for permanent disposal. The 
majority of the radionuclides in the HDSA are caesium and strontium isotopes 
with relatively short half-lives. The aim is to immobilize HDSA wastes in a 
simple, low cost and low temperature way to avoid volatilisation of the caesium 
and strontium species. Non-thermal production routes are examined. Three 
possible products have been identified, so-called geopolymers, hydroceramics 
and phosphate-bonded ceramics. This project will develop the processing route 
and characterize the waste forms produced using inactive simulants in the UK 
and eventually active ones in Japan. Characterization will be done using XRD, 
thermal methods, FTIR, NMR and electron microscopy techniques and the long 
term stability of the produced waste form examined using leach testing. 
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NADYA RAUFF-NISTHAR 
 
 
CORROSION BEHAVIOUR OF AGR SIMULATED FUELS 
 
N.Rauff-Nisthar, C Boxall, R Wilbraham; Lancaster University 
 
 
The vast proportion of spent nuclear fuel (SNF) is from indigenous Advanced 
Gas-cooled Reactors (AGRs). AGRs, whilst using UO2-based fuel, employ 
CO2 as coolant and are graphite moderated. Further, the fuel assembly cladding 
is comprised of 20/25/Nb stainless steel (20% Cr, 25% Ni) rather than zircalloy 
as is the case in Pressurised Water Reactors (PWRs). Consequently, AGR fuel 
has unique characteristics that need to be evaluated in order to satisfy safety 
case requirements before it can be disposed of in a geological repository. Pure 
UO2 pellets and SIMFUEL pellets simulating 25 GWd/tU and 43 GWd/tU 
burn-up were fabricated at the NNL. Using Raman spectroscopy, we have 
studied the effect of the SIMFUEL dopants on the UO2 crystal structure. We 
have also studied the effect of exposure to hydrogen peroxide solutions on the 
SIMFUEL surface. Preliminary cyclic voltammetric studies on the same 
samples also indicate greater electrochemical / redox activity upon increased 
simulated burn-up, most especially increased susceptibility of UO2+x at grain 
boundaries (feature at ~-0.6V) and UO2 in grain bodies (peak at ~-0.1V) to 
oxidation. 
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MARISA SMITH 
 
 
COMPUTER MODELLING OF THE RADIOLYSIS OF ADSORBED 
WATER ON OXIDE SURFACES IN NUCLEAR SYSTEMS 
 
Marisa Smith, Neil Burton and Simon M Pimblott, University of Manchester 
 
	  
The gamma radiolysis of bulk water and dilute aqueous systems has a G value 
for molecular hydrogen of approximately 0.45 molecules per 100 eV. However, 
yields from water adsorbed on certain oxide surfaces can produce values of two 
to three orders of magnitude larger. The mechanism for this extreme excess 
production of hydrogen is unknown, but is strongly dependant on the oxide.  
 
The aim is to develop a multi-scale computational model for the physical and 
chemical processes involved in the radiolytic production of hydrogen on solid 
oxides, especially from water in contact with plutonium dioxide interfaces.  
DFT calculations of the structure of water adsorbed on oxide surfaces, diffusion 
kinetic modelling of hydrogen formation and calculation of the interaction 
cross-sections of radiation with water and ceramic oxides will be implemented.  
The first objective is the calculation of radiation track structures of low energy 
electrons (0-20 eV) through ordered water. 
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JOSHUA TAYLOR 
 
 
STUDYING  THE EFFECTS OF STRESS ON THE MATERIAL 
PROPERTIES OF GRAPHITE USING CONFOCAL LASER 
MICROSCOPY 
 
Joshua Taylor, Professor Paul Mummery, Dr Graham Hall, Universityof Manchester  
	  
 
Considerable stresses are generated in graphite moderator components during 
operation of a nuclear reactor, and these stresses can affect the ability of the 
reactor to cool the fuel and shut down. Thus graphite’s response to stresses in 
reactors must be understood. The effects of stress on the pore structure and 
Young’s modulus are of particular interest, due to the importance of both to the 
strength and integrity of the material. 
 
A confocal laser microscope was used to image samples during the application 
of stresses, allowing the surface profile of the material to be studied. By taking a 
series of images at varying levels of stress, changes to the open pore structure 
were observed. Digital volume correlation was performed on the micrographs to 
produce strain maps, from which local Young’s moduli were calculated. These 
observations were used to explain the behaviour of graphite bricks in reactors in 
response to loading stresses. 
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KIEN TRINH 
 
 
MONTE-CARLO MODELLING OF THE DENATURED MOLTEN SALT 
REACTOR 
 
Kien Trinh, University of Cambridge 
	  
 
The Molten Salt Reactor (MSR), originally designed and developed at Oak 
Ridge National Laboratory (ORNL), Tennessee and one of the Gen IV reactor 
concepts, has attracted a lot of attention worldwide. Most proposed thorium 
MSR designs specify a sophisticated online chemical processing scheme which 
aims to separate out protactinium-233 in order to improve neutron economy. 
However, this feature presents a proliferation risk since it can potentially be 
used to obtain relatively pure uranium-233 suitable for weapons’ manufacture. 
This motivates our interest in investigating the feasibility of a thorium MSR 
design without such an online chemical processing scheme. A Serpent 
computational model has been developed to investigate MSR designs. In order 
to validate its predictions, the model was used to simulate a once-through MSR 
running on thorium and low-enriched uranium (the Denatured Molten Salt 
Reactor). These results were compared against those from ORNL, where the 
DMSR was first proposed. 
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DERRECK VAN GELDEREN 
 
THE EFFECTS OF PRIOR LOADING ON BRITTLE FRACTURE 
 
D G A Van Gelderen, J D Booker, D J Smith, University of Bristol 
	  
 
Warm pre-stressing (WPS) is the process of subjecting a pre-cracked 
component to a load cycle at a temperature higher than subsequent operating 
temperatures. This process is widely acknowledged as being able to enhance the 
load to fracture, especially in ferritic steels which exhibit lower shelf cleavage 
fracture. A WPS model developed by Chell and co-workers is reformulated to 
create a method of undertaking Monte Carlo simulations to study the effects of 
WPS on brittle fracture. This requires the development of solution domains that 
are governed by the relative sizes of plastic zones ahead of the crack tip during 
the load and temperature cycles. Using recent experimental data it is shown that 
accurate estimates of the toughness distributions, after WPS, can be obtained. 
The scatter observed in this data is also replicated using these simulations. 
However, the accuracy of WPS predictions may be limited by the sample size. 
The enhancement caused by WPS can also be influenced by the presence of an 
existing residual stress field. It is shown that tensile residual stresses enhance 
the WPS effect, provided that they do not cause premature fracture during the 
pre-load phase.  
 


