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The accurate knowledge of neutron cross sections is paramount for a successful 
nuclear industry and there is an on going requirement for the measurement of 
new or more accurate cross sections. This contribution focuses on the time of 
flight technique for measuring neutron cross sections and specifically the 
n_TOF facility at CERN. This facility allows accurate partial cross section 
measurements to be made in response to industrial needs. A detailed example of 
the 238U n,γ  cross section will be given, explaining the need, methodology and 
results from such an experiment. 



UNTF CONFERENCE: 14 – 16 APRIL 2014 
 

SPEAKERS’ ABSTRACTS 
 
 

TANYA HUTTON 
 
 
NUCLEAR DATA FOR FUSION: DETERMINING THE VALIDITY OF 
TYPICAL PRE-PROCESSING METHODS FOR FUSION SPECIFIC 
RADIATION TRANSPORT CALCULATIONS 
 
Tanya Hutton, Thomas Leadbeater, Peter Jones, Lee Packer (Culham Centre for Fusion Energy) 
 
 
Nuclear data are one of the fundamental components of radiation transport 
codes that form the basis of nuclear facility design. Historically these data are 
biased towards fission reactor and high energy physics applications. This 
work aims to determine the validity of applying these data and the associated 
pre-processing methods to fusion relevant problems. 
 
The relative effects of current pre-processing methods typically used to 
reconstruct differential and double differential distributions for use in transport 
codes are considered. In particular this focusses on the elastic scatter of 
neutrons for fusion specific materials and energies. 
 
We demonstrate that the angular distributions are poorly represented in this 
case; and by extension the case of fusion specific models. We quantify this 
difference and describe the level to which this propagates through to 
simulation results, with the aim of defining a new systematic error standard for 
this range of applications. 
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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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DANIEL AYRES 
 
 
UNCERTAINTY QUANTIFICATION IN CRITICALITY CALCULATIONS 
USING METHODS OF POLYNOMIAL CHAOS 
 
D Ayres, Imperial College London 
 
 
An adaptive high dimension model representation (HDMR) is used to 
decompose the uncertain response parameter k-effective into a superposition of 
lower dimension sub-spaces which are in turn projected onto a polynomial 
chaos basis. These projections are evaluated using an adaptive quadrature 
scheme which is used to infer the polynomial orders of the basis. The 
combination of adaptive HDMR and quadrature is used to build a sparse 
polynomial chaos expansion which optimally represents the variance of k-
effective.  This technique is illustrated using  UOX and MOX pin cell problems 
with uncertainties given by evaluated covariance data. We show that, for 
problems up to and including 988 random input parameters, that the above 
technique is an order of magnitude more accurate than Latin Hypercube  
Sampling (LHS). 
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HASSAN MOHAMED 
 
AN INVESTIGATION OF THE EFFECTS OF MODERATOR-TO-FUEL 
RATIO (VM/VF) VARIATIONS IN A SMALL FLUORIDE-SALT COOLED, 
HIGH-TEMPERATURE REACTOR'S (FHR) PERFORMANCE 
 
Hassan Mohamed, Dr Geoffrey T Parks   University of Cambridge 
 
A computational study of the performance of a pin---‐type assembly for a small 
(125 MWth) fluoride salt cooled high temperature reactor (FHR) has been 
performed.  The reactor is graphite moderated and uses low enrichment (5%) 
uranium dioxide fuel with SiC cladding and fluoride salt (FLiBe) as its coolant. 
A pin---‐type assembly offers potential  economic advantages in comparison to 
coated particle fuel due to its lower manufacturing costs.  
 
The purpose of this study is to investigate the feasibility of utilizing such an 
assembly design in a small FHR.  This performance study encompasses an 
Investigation into how variations in the moderator---‐to---‐fuel ratio (Vm/Vf) will 
Impact the performance of the small FHR during normal operation. 
Plots of kinfvs. Vm/Vf and temperature reactivity coefficient vs. Vm/Vf are 
presented to show the effects of the variations.  The system temperature 
reactivity coefficient is monitored to ensure that its value is negative, preventing 
positive reactivity coefficient feedback.  The results will help determine the 
design limits for the Vm/Vf ratio that are practical and viable for the future 
optimized FHR core design. 
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PATRICK BURR 
 
 
DFT INVESTIGATIONS OF DILUTE FE AND CR ADDITIONS IN ZR: 
IMPLICATIONS FOR IRRADIATED ZR ALLOYS 
 
P A Burr, S C Lumley, R W Grimes, M R Wenman, Imperial College London 
 
 
The effects of small additions of Fe and Cr to the mechanical properties of 
α---‐Zr were investigated by means of ab---‐initio atomistic simulations. 
Surprisingly, it was predicted  that the lattice parameters of α---‐Zr are mostly 
unaffected by the presence of either Cr or Fe, in agreement with recent XRD 
measurements  by Ivermark and Preuss. 
 
This is due to the concurrent accommodation of alloying elements by interstitial 
and substitutional mechanisms, which generate cancelling strain fields. 
Furthermore, a strong driving force for the formation of bound clusters was 
observed for both Fe and Cr.  In both cases the alloying additions preferentially 
form elongated defects, which, in a two---‐atom cluster, consists of a split 
dumbbell configuration.  This is corroborated by, and helps explain, recent atom 
probe investigation by Gault and Moody.  The formation of these clusters was 
found  to further reduce the change  in lattice parameter with alloying additions. 
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XIAO GAI 
 
HELIUM BUBBLES IN BCC FE 
 
Xiao Gai   Loughborough University 
 

 
The presence of transmutation created helium in steels used in nuclear reactors 
plays an important role in their microstructural evolution. By atomistic 
simulation, the optimum equilibrium configurations, stability and formation 
mechanisms for small He clusters in bcc Fe have been considered. Isolated 
interstitials and small clusters can diffuse quickly through the lattice. He 
clusters containing 4 or 5 atoms were shown to eject an Fe dumbbell interstitial 
which could then detach from the He cluster and diffuse with the remaining He 
vacancy complex being effectively immobile. Collision cascades initiated near 
the bubbles with optimum He vacancy ratio, showed that Fe vacancies produced 
by the cascades can readily join these He vacancy complexes. Calculated energy 
barriers for He to join an existing optimum bubble can be larger than to diffuse 
elsewhere but are lower when the bubbles contain excess vacancies, thus 
indicating the importance of radiation damage in explaining He bubble growth.  
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JAMES GIBSON 
 
HIGH TEMPERATURE NANOINDENTATION OF ION-IMPLANTED 
TUNGSTEN 
 
James Gibson, David Armstrong, Steve Roberts  Department of Materials, University of Oxford 
 
  
 
 
As the main plasma facing material in a fusion reactor, tungsten will be exposed 
to a flux of alpha particles – essentially helium ions – from the plasma.  This 
flux will likely results in significant mechanical property changes. 
 
This work studies pure tungsten implanted with helium ions at the reactor 
relevant temperature of 800C. Nanoindentation was performed at temperatures 
up to 750C in order to determine the effect of helium implantation with 
temperature. Thermal drift effects have been tightly controlled in order to 
extract quantitative values of hardness. 
 
An increase in hardness of the ion implanted material of 4 GPa is measured at 
50 C, which decreases to an increase of 2 GPa at 750 C. The reduced hardening 
effect is likely due to the increased ability of dislocations to bypass small 
obstacles via cross slip and climb. 
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KATHERINE PLUMMER 
 
 
MICR0-MECHANICAL MEASUREMENTS OF TEMPERATURE-
DEPENDENT PLASTIC DEFORMATION IN MOLYBDENUM 
 
Katie Plummer, Dr David Armstrong, Professor Steve Roberts    Department of Materials, University of Oxford 
 
	  
Microscale techniques have been developed to investigate the effect of 
temperature variation on the plastic deformation of molybdenum. In this work 
we have demonstrated the use of high temperature, in vacuum nanoindentation 
and micro cantilever bend tests, utilising a recently developed high temperature 
nanoindenter  20°C to 750°C  with vacuum capabilities and an AFM like 
scanning stage. 
 
Nanoindentation has shown a decrease in hardness from 3.6 GPa at 21°C to 
0.56 GPa at 400°C. FIB milled pentagonal microcantilevers, scanned and 
loaded using a nanoindenter for the calculation of elastic and plastic properties 
using a combination of simple beam theory and finite element analysis, have 
shown a decrease in yield stress from 1.12 GPa at 21°C to 0.48 GPa at 750°C. 
Young’s modulus measurements of 173±20 GPa showed no decrease with 
increasing temperature.  
 
While there is a limited amount of data from macroscopic tests, there is a lack 
of micro scale data, which is required for comparisons with data produced on 
thin ion implanted layers, used to simulate neutron damage. These variable 
temperature micromechanical bend tests are an important tool in understanding 
and developing molybdenum for fusion applications. 
Future work will include nanoindentation on a new cold stage  approaching  
150°C  and high and low temperature bend tests of microcantilevers in single 
crystal molybdenum. 
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THOMAS HAYNES 
 
 
FINITE ELEMENT MODELLING OF PELLET-CLADDING 
INTERACTION IN ADVANCED GAS REACTOR FUEL 
 
Thomas A Haynes, Mark R Wenman    Imperial College, London 
 
	  
A finite element model for pellet clad interaction in advanced gas reactor fuel is 
presented; the model considers the outer area of a fuel pellet, the cladding and 
an adherent sliver of uranium dioxide. Subroutines enable elastic, plastic and 
creep strains in the cladding to be calculated; these depend upon burn up, 
temperature and stress state. In the fuel, only elastic strains are considered; 
however the elastic modulus and conductivity is adjusted for both temperature 
and burn up. Ladder cracking in the uranium dioxide sliver is accounted for by 
the use of a reduced elastic modulus. Finally, a temperature dependent pellet 
cladding gap conductivity was introduced which incorporates both gas 
conductance and radiative heat transfer. The model therefore accounts for the 
temperature, stress and burn up dependence of material properties and enables 
the determination of the stress in the cladding ahead of a clad bore crack, under 
both steady state and transient conditions. 
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CHOEN MAY CHAN 
 
LOCALISED CORROSION OF ADVANCED GAS-COOLED REACTOR 
FUEL CLADDING 
 
Choen May Chan, Dirk Engelberg    University of Manchester 
 

 
 
The presence of transmutation created helium in steels used in nuclear reactors 
plays an important role in their microstructural evolution. By atomistic 
simulation, the optimum equilibrium configurations, stability and formation 
mechanisms for small He clusters in bcc Fe have been considered. Isolated 
interstitials and small clusters can diffuse quickly through the lattice. He 
clusters containing 4 or 5 atoms were shown to eject an Fe dumbbell interstitial 
which could then detach from the He cluster and diffuse with the remaining He 
vacancy complex being effectively immobile. Collision cascades initiated near 
the bubbles with optimum He vacancy ratio, showed that Fe vacancies produced 
by the cascades can readily join these He vacancy complexes. Calculated energy 
barriers for He to join an existing optimum bubble can be larger than to diffuse 
elsewhere but are lower when the bubbles contain excess vacancies, thus 
indicating the importance of radiation damage in explaining He bubble growth. 
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CHRISTOPHER ANWYL 
 
 
HYDROGEN PEROXIDE EFFECTS ON THE CORROSION BEHAVIOUR 
OF AGR FUEL PIN STEEL UNDER CONDITIONS RELEVANT TO 
PERMANENT DISPOSAL 
 
C Anwyl, Colin Boxall, R Wilbraham – Engineering Department, Lancaster University 
 
The effect of hydrogen peroxide on the corrosion behaviour of AGR fuel pin 
steel  20/25/Nb stainless steel  was investigated under conditions relevant to 
permanent disposal in a geological disposal facility. Hydrogen peroxide will be 
radiolytically generated by the alpha activity of spent fuel, and will be the only 
source of near field oxidant in an anoxic disposal environment. 
 
Electrochemical experimental methods including open circuit potentials and 
linear sweep voltamogram were used to understand the corrosion susceptibility 
over a range of potentials, whilst the surface of the steel was analysed with 
techniques such as Scanning Electron Microscopy and Inductively Coupled 
Plasma Optical Emission Spectroscopy. 
 
An increase in concentration of hydrogen peroxide in the electrolyte was found 
to reduce the region of passivity in the steel, leading to an increase in corrosion 
potential.  
 
Iron and nickel was observed to leach from the steel in the range of potentials 
expected in a repository, and the potential interaction of these species on the 
dissolution rate of spent fuel is discussed. 
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BEN PEACH 
 
EFFECTS OF CONCRETE COMPOSITION ON HYGRO-THERMO-
CHEMICAL REACTIONS DURING  LASER SCABBLING OF 
CONCRETE FOR NUCLEAR DECOMMISSIONING 
 
B Peach, M Petkovski, D L Engelberg and J Blackburn 
Department of Civil and Structural Engineering, University of Sheffield 
 
 
 
The objective of this study was to determine the effect of hygro thermo 
chemical  HTC  reactions on laser scabbling, as part of the study of mechanism 
s  responsible for the process.  
 
Tests on concrete, mortar and hardened cement paste specimens with different 
compositions, subjected to laser beams with fixed parameters  5 kW, 60 mm 
beam diameter, 10s interaction time , showed that concrete composition had a 
significant effect on material removal.  
 
Temperature profiles obtained from thermography were compared against 
differential thermal and thermo gravimetric analyses  DTA/TGA  of extracted 
material to identify HTC reactions potentially responsible for the laser scabbling 
process, such as free water vaporisation, dehydration of cement phases, calcium 
hydroxide dehydroxylation and calcium carbonate decarbonation.  
 
Cement paste specimens with a PFA:OPC ratio of 1:3 underwent the greatest 
total volume removal at temperatures below that of calcium hydroxide 
dehydroxylation and calcium carbonate decarbonation, indicating that these 
processes are not necessary for scabbling to take place.
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ROBERT WORTH 
 
 
CHARACTERISATION AND THERMAL TREATMENT DEVELOPMENT 
OF UK IRRADIATED GRAPHITE WASTE 
 
Robert Worth, Lorraine McDermott, Greg Black, Abbie Jones, Paul Mummery, Barry Marsden, Anthony 
Wickham, University of Manchester 
 
 
 
A substantial volume of the UK nuclear waste inventory consists of irradiated 
nuclear graphite. Given difficulties with the MRWS voluntary process for 
selecting a suitable Geological Disposal Facility site for England and Wales, 
making informed decisions on how best to dispose of large quantities of 
graphite waste remains under review. The quantity and behaviour of short- and 
long-lived isotopes in irradiated graphite are significant for disposal and 
treatment options, with particular emphasis on evaluating the mobility of 
prominent radioisotopes such as 3H, 14C, 36Cl and 60Co. 
 
Research has been performed within the EU Euroatom FP7 CARBOWASTE 
consortium on decontamination of irradiated graphite via thermal treatment. 
This research utilises data and collaborations from within CARBOWASTE and 
captures work carried out within an IAEA CRP, Treatment of Irradiated 
Graphite to Meet Acceptance Criteria for Waste Disposal, to drive forward the 
evaluation and application of thermal treatment processes to UK irradiated 
graphite. 
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GIUSEPPE G SCATIGNO 
 
 
CHLORIDE-INDUCED TRANSGRANULAR STRESS CORROSION 
CRACKING OF 304L AUSTENITIC STAINLESS STEEL 
 
Giuseppe G Scatigno, F Giuliani, M P Ryan, M R Wenman, Imperial College London 
 
 
 
This work focuses on the effect of cold work on the propagation of chloride-
induced transgranular crack growth in 304L type stainless steel. Cold work was 
applied in uniaxial tension to levels of  0.5, 1, 2, 5 10, 20, and 40%.The 
specimens were subjected to a uniform stress on the top surface of 60 MPa and 
corroded under atmospheric conditions at 75°C, 70% relative humidity, using 
MgCl2. Electron back-scattered diffraction was used to analyse the different 
samples at a microstructural level. Orientation relationships between cracks and 
grains were examined. At low cold work level no relationship is obvious. Above 
10 % cold work, some specific orientation relationships become more evident. 
Levels of cold work above 10% hinder the corrosion process. Applied and 
residual stresses were modelled, at the macroscale, using finite elements 
analysis.  Modelling of the pits induced stress field was examined along with 
stress field interaction of adjacent pits. 
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ZOE TWEDDLE 
 
 
THE EXPERIMENTAL AND COMPUTATIONAL ANALYSIS OF NITRIC 
ACID RADIOLYSIS 
 
Zoe Tweddle, Simon Pimblott    Dalton Nuclear Institute, University of Manchester 
	  
	  
Nitric acid is exposed to radiation at various stages of the nuclear fuel cycle 
including the reprocessing of spent fuel, causing the production of various 
nitrogen and oxygen containing radicals, such as NO3

•, NO2
• and •O• as well as 

water radiolysis products. These species react forming nitrous acid, hydrogen 
peroxide and dangerous gases such as H2 and NO, whose production results in 
de acidification and de nitrification of the nitric acid solutions and can disrupt 
and degrade sealed systems with increased pressure and container damage. 
Whilst the consequences of nitric acid radiolysis are known, the specific 
radiolytic processes of the system are poorly understood. A computational 
model of nitric acid radiolysis incorporating the indirect and direct processes of 
nitric acid radiolysis is being produced. The model is based upon experimental 
data both from original work and previous published literature. 
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JONATHAN BEAUMONT 
 
 
A MIXED FIELD IMAGING SYSTEM FOR LOCATING SOURCES OF 
NEUTRON AND GAMMA RAY RADIATION 
 
Jonathan Beaumont, Malcolm J Joyce, Matthew P Mellor 
Department of Engineering, University of Lancaster, Lancaster   LA1 4YR 
 
	  
Imaging the gamma ray field has been used to success in recent years in nuclear 
decommissioning projects, allowing an insight into the distribution of nuclear 
materials present in a given environment. 
 
We present a mixed field imaging system extending the scope for these imaging 
techniques by complementing the ability to visualise gamma ray emitters with 
the ability to ‘see’ materials emitting fast neutrons. This has great potential in 
situations involving special nuclear materials, weakly gamma ray emitting 
isotopes or areas of high gamma ray background.  
 
The system is lightweight and highly portable to allow deployment in hard to 
reach or hazardous environments and has a variety of applications. 
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IOANNIS TZAGKAROULAKIS 
 
 
REAL TIME NANOGRAVIMETRIC MONITORING OF CORROSION IN 
RADIOACTIVE ENVIRONMENTS 
 
Ioannis Tzagkaroulakis and Colin Boxall, Engineering Department, Lancaster University, Lancaster   LA1 4YR 
 
 
 
Metals are ubiquitous on nuclear sites. Monitoring metal corrosion plays a key 
role in safe asset management and supporting informed choice of 
decontamination methods for steels during decommissioning. There are four 
common means of monitoring corrosion, all with limitations: coupon testing 
(unsuitable for real time monitoring); electrical resistance monitoring 
(sensitivity issues); linear polarisation resistance; galvanic monitoring (both 
indirectly inferring corrosion rate from current measurements). 
 
Quartz Crystal Nanobalance technology offer a means to avoid these issues. The 
QCN measures minute changes in frequency of a quartz crystal resonator with 
weight gain/loss. Using the Sauerbrey equation, the frequency change observed 
during corrosion testing can be converted to an instantaneous corrosion rate 
with nanogram sensitivity. 
 
Thus, we propose to develop the QCN for monitoring corrosion rates in 
radioactive environments. Initial experiments will concentrate on corrosion 
rates in acids/complexants used in decontamination processes and then extended 
to studies in sludges and grouts. Influence of ionising radiation fields on probe 
response will also be assessed. 
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MATTHEW NANCEKIEVILL 
 
 
DEVELOPMENT OF A RADIATION TOLERANT MECHATRONIC 
SYSTEM FOR UNDERGROUND SENSOR DEPLOYMENT 
 
Matthew NancekievilL, University of Manchester 
 
	  
The aim of the project is to develop a mechanical device able to autonomously 
burrow underground, where it will then be able to take measurements using 
sensors transported within it. The primary motivation for this work is to develop 
a robotic tool that can monitor the earth around the legacy nuclear storage ponds 
at the Sellafield site so that any leakages can be quickly and accurately detected 
and located. 
 
Research will begin by exploring the possible mechanisms that can be utilised 
to enable a small robotic device to burrow through earth. Test vehicles will be 
designed at the University of Manchester's Dalton Cumbria Facility and 
constructed in the university's workshops in Manchester. Appropriate sensors 
will be identified to enable the vehicle to detect large objects and locate itself 
relative to an anchor point. Advance control techniques will then be developed 
that will seamlessly avoid obstacles and enable the vehicle to navigate, semi 
autonomously about its environment. 
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RONAK THAKRAR 
 
COMPONENT-SCALE MODELLING OF SUBCOOLED BOILING 
FLOWS 
 
Ronak Thakrar, Imperial College London 
 
 
Subcooled boiling flows are encountered in most nuclear reactor configurations. 
In the past decade, CFD codes have emerged as a promising tool for modelling 
these flows. The predictions generated using CFD have the potential to play a 
major role in industry. However, CFD is still a maturing tool for the prediction 
of boiling flows, and its long term success is contingent on the validity of a 
plethora of inputted models and sub models.  
 
The on going research investigates improvements to the models used presently 
in CFD. This presentation provides an introduction to the research topic and 
outlines the precedents for the proposed research. The actual physical processes 
believed to occur during boiling are detailed, and the modelling of these 
processes incorporated presently in CFD is described. The capability of extant 
approaches to predict existing boiling benchmarks is discussed. Results 
obtained thus far are described and promising avenues for future research are 
considered.  
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YIQIANG WANG 
 
 
NOVEL TESTING TO INVESTIGATE THE ELASTIC FOLLOW-UP 
CREEP BEHAVIOUR OF TYPE 316H AUSTENITIC STAINLESS STEEL 
 
 
Yiqiang Wang, David J Smith    University of Bristol 
 
 
 
In this work, a set of experiments are described using 316H austenitic stainless 
steel samples, at 550°C, in test machines which simulate the performance of 
creep stress relaxation with and without elastic follow-up. Initial stresses were 
allowed to relax for different values of elastic follow-up. Each test had the same 
initial applied stress at 550°C. The experimental results are compared with 
theoretical predictions using primary and secondary creep equations determined 
from conventional constant stress tests. It is shown that pure creep stress 
relaxation can be adequately determined using the empirical creep equations. 
However the predicted response when elastic follow-up is present did not agree 
with the experiments. It is proposed that internal stress created during initial 
loading as well as creep should also be included in the creep model. 
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ZOLTAN HIEZL 
 
 
PREPARATION AND CHARACTERISATION OF UO2 – BASED AGR 
SIMFUEL - CONTINUATION 
 
Zoltan Hiezl, David Hambley, William E Lee, Imperial College London 
 
 
Preparation and characterisation of a Simulated Spent Nuclear Fuel (SIMFuel), 
which replicates the chemical state and microstructure of Spent Nuclear Fuel 
(SNF) discharged from UK Advanced Gas-cooled Reactor (AGR) after a 
cooling time of 100 and 100.000 years is described. Thirteen stable elements 
were added to depleted UO2 and sintered to simulate the composition of fuel 
pellets after burn-ups of 25 and 43 GWd/tU and, as a reference, pure UO2 
pellets were also investigated. The fission product distribution was calculated 
using the Fispin code provided by NNL. SIMFuel pellets exhibit a 
microstructure up to 92% TD. During the sintering process in H2 atmosphere 
Mo-Ru-Rh-Pd metallic precipitates and grey-phase ((Ba, Sr)(Zr, RE)O3 oxide 
precipitates) formed within the UO2 matrix. These secondary phases are present 
in real PWR and AGR SNF, although they are smaller in size than those 
examined in this study. The grain size of the produced SIMFuel is in good 
agreement with literature references. 
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NADIA ROHBECK 
 
 
EXPERIMENTAL EVALUATION OF THE MECHANICAL INTEGRITY 
OF SILICON CARBIDE IN TRISO FUEL UP TO 2200° C 
 
Nadia Rohbeck, Ping Xiao, University of Manchester 
 
 
 
Within the Gen-4 initiative the high temperature reactor is developed to provide 
process heat in addition to electricity. Its fuel design is inherently safe by 
encapsulating all fissionable material completely within several coatings of 
carbon and silicon carbide (SiC) forming the tristructural isotropic (TRISO) fuel 
particle. This experimental study evaluates the mechanical integrity of different 
simulated TRISO particles subjected to extremely high temperatures of up to 
2200°C. Therefore the mechanical properties elastic modulus and hardness were 
measured by nanoindentation and the fracture strength was determined by a 
crush test method. Extensive Raman spectroscopy analysis and SEM 
characterisation showed that at these extreme temperatures an evaporation-
precipitation mechanism of the SiC occurs, which leads to some reduction of 
the mechanical integrity.
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JAMES PAUL 
 
 
LASER INDUCED CHEMICAL VAPOUR DEPOSITION OF 3C-SIC 
 
James I Paul, Marc J J Schmidt, Timothy J Abram, University of Manchester 
 
 
 
Chemical vapour deposition (CVD) has been used to manufacture thin film 
Silicon Carbide (SiC) successfully for the production of TRISO fuel kernels 
used to clad high temperature nuclear reactor fuels.  A modification to this 
technique is the localised deposition of SiC using a Laser as a heating source in 
a process known as Selective Area Laser Deposition (SALD). This localised 
chemical vapour deposition process could have a number of potential uses both 
in the nuclear industry and beyond. 
 
SiC has been deposited onto an alumina substrate by the thermal decomposition 
of the gaseous precursor tetramethylsilane (TMS). A 500 W Ytterbium fibre 
laser was used to heat the surface of the substrate locally, resulting in deposition 
of SiC on the sample surface.   
 
The resulting SiC deposit was analysed using energy dispersive X-ray 
spectroscopy (EDS), X-ray diffraction (XRD) and Raman Spectroscopy. The 
deposit was confirmed to be Silicon Carbide and found to be face centre cubic 
(FCC) crystal structure and of beta phase SiC. Beta SiC is desirable for nuclear 
applications due to its predictable irradiation response. 
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LAVINIA RAGANELLI 
 
 
HOW CERTAIN CAN WE BE OF HOW OPERATORS WILL PERFORM 
IN A LEVEL 2 PSA SITUATION? 
 
Lavinia Raganelli, Imperial College London 
 
 
 
The aim is to research and develop a model for human behaviour in 
probabilistic risk assessment during post core meltdown scenarios (in Level 2 
PSA). So far an overview of the current practice in Human Reliability 
Assessment has been prepared and the next step is to choose the main route for 
development between few possibilities. 
 
The possibilities include: developing a structured framework for expert 
judgement; looking at training techniques for improving operator performances; 
understanding the model for psychological reaction to high stress levels.
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OSCAR NIETO-CEREZO 
 
 
MECHANISM DESIGN FOR RISK ALLOCATION AND BENEFIT 
SHARING IN THE DEVELOPMENT OF A GEOLOGICAL DISPOSAL 
FACILITY FOR NUCLEAR RADIOACTIVE WASTE  
 
Oscar Nieto-Cerezo, Edoardo Patelli, Michael Beer 
Institute for Risk and Uncertainty, The Quadrangle, University of Liverpool, Brownlow Hill, Liverpool, L69 
3GH, United Kingdom 
nieto@liverpool.ac.uk, epatelli@liverpool.ac.uk, mbeer@liverpool.ac.uk 

	  

The presence of risks in the development of complex projects can undermine 
the financial feasibility of a project, jeopardize its completion, and threaten the 
solvency of stakeholders.  The development of a geological disposal facility for 
high level radioactive waste in the United Kingdom by The Nuclear 
Decommissioning Authority is an example of a complex project comprising a 
large number of interrelated risks affecting everything from technical feasibility 
to cost as well as a large number of stakeholders including Parent Body 
Organisations, Site Licenced Companies and financial institutions. These 
economic actors make profit – maximizing but inefficient decisions because 
they are able to avoid cost associated with their conduct. This is known as the 
moral hazard problem. 
 
In this research, we analyse a mathematical model in the framework of game 
theory to represent stakeholders’ strategic interactions in order to effectively 
allocate project risks. A risk sharing incentive mechanism is designed to 
encourage stakeholders to  take  actions that achieve the highest level of 
economic, environmental and social performance . An application to a 
simplified model will show the potential of the proposed approach.  
 
This research will enable management consultancies to achieve innovation in 
the process of benefit sharing and risk allocation. 
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MATTHEW JACKSON 
 
 
A CONCERTED MECHANISM OF CL- MIGRATION IN CHLORAPATITE 
Matthew L Jackson, Eleanor E Jay, Michael J D Rushton and Robin W Grimes, Imperial College London 
 
 
Apatite is a crystalline phase proposed for the immobilisation of halide bearing 
nuclear waste. To aid in the assessment of apatite for this application, molecular 
dynamics simulations were used in conjunction with classical pair potentials to 
investigate the migration mechanism of Cl- in stoichiometric and CaCl2 
deficient chlorapatite. A highly anisotropic concerted vacancy mediated 
migration mechanism was identified within the temperature range 1000 – 
1400K, with an activation energy of 2.37 eV. A considerably lower activation 
energy is predicted in the CaCl2 deficient material, approximately 0.52 eV, due 
to the available concentration of Cl- vacancies. 
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MARC COURY 
 
QUANTUM MECHANICAL SIMULATION OF MAGNETIC ALLOYS: S, P 
AND D MODEL HAMILTONIANS 
 
Marc E A Coury, W M C Foukes, A P Horsfield, S L Dudarev, P W Ma, Imperial College London 
 
 
 
A realistic model of steel under extreme conditions, such as occurs in a fusion 
reactor, must include a proper description of non collinear magnetism. In the 
presented work we take a bottom up approach. We derive a multi orbital 
Hubbard Hamiltonian, which is exact for single atoms, and find its mean field 
approximation, suitable for a tight binding model.   
 
This work corrects a long series of mistakes in the literature regarding the 
tensorial form of the multi orbital Hubbard Hamiltonian. We have shown that 
on site Coulombic interactions are described by 1 parameter for the s orbital 
case, 2 for the p orbital  case and 3 for the d orbital case.  We have written this 
down in terms of rotationally invariant operators which gives physical 
significance to each of the terms, some of which are not included 
in the literature. 
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BENJAMIN BELL 
 
 
ATOMIC SCALE MODELLING OF FACTORS AFFECTING HYDROGEN 
PICKUP IN ZIRCALOY -2 AND -4 CLADDING 
 
Benjamin D C Bell, Mark R Wenman, Robin W Grimes, Imperial College 
 
 
Zirconium is an important material in the area of nuclear fuel cladding due to its 
low thermal neutron capture cross section, good thermal and mechanical 
properties and high corrosion resistance. However, embrittlement caused by 
hydrogen absorption is a key limiting factor in the use of current alloys in high 
burn-up scenarios. This work utilises a simulation based approach using density 
functional theory (DFT) to investigate the effect and behaviour of current and 
model alloying elements in the surface oxide layer formed during corrosion. 
The ultimate aim, in collaboration with the MUZIC-2 research programme, is to 
help further the understanding of how hydrogen is taken into zircaloy fuel 
cladding and why some alloys resist hydrogen uptake better than others. 

Particular focus has been given to the effect of the oxidation state of alloying 
elements, due to the implications for oxygen vacancy formation as a charge 
compensation mechanism for lower valance cations such as scandium. It is 
proposed that the inclusion of lower valance cations results in an increase in 
oxygen diffusion rate by vacancy migration, and thus an increase in corrosion 
rate. The preferred state of currently used elements with variable oxidation 
states such as niobium and tin is investigated, and the results compared to 
experimentally observed oxidation rates for tin and niobium containing alloys. 
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PETER GILL 
 
 
A FINITE ELEMENT TOOL TO EVALUATE LEAK RATES FOR LEAK 
BEFORE BREAK ASSESSMENTS 
 
Peter Gill, Keith Davey, John Sharples, Amec, Warrington 
 
 
Leak rate evaluation is an important part of making a Leak before Break 
argument.  It requires fracture mechanics to obtain the opening of the crack, and 
fluid mechanics to calculate the resulting mass flow rate.  A multiscale model is 
discussed here which incorporates fluid mechanics into a structural model. This 
is so that leak rates can be output from a crack in a finite element model without 
any complex meshing or post processing.  This is achieved using enriched 
elements which contain special functions to describe the physics. The model can 
be implemented into any standard finite element solver, meaning leak rates can 
be investigated for cracks in realistic components.  This provides a tool to 
investigate thermal interactions between the fluid and solid.  The numerical tool 
also provides an effective way of coupling a fluid model with microscale 
effects, to a macroscale solid model. Leak rates are presented for the case of 
crack in a plate. 
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GIOVANNI GIUSTINI 
 
 
NUCLEATE BOILING AT MICRO-SCALE: CURRENT MODELLING 
TRENDS AND CHALLENGES 
 
Giovanni Giustini    Imperial College London 
 
	  
Nucleate wall boiling is the process of growth and detachment of vapour 
bubbles forming at heated walls from pre existing gaseous seeds trapped inside 
the wall crevices. Being a very effective mode of heat transfer, this boiling 
regime is particularly attractive for water cooled nuclear reactors. Despite 
continuous effort by the research community over the past decades, a fully 
mechanistic model of nucleate boiling has not been achieved yet. Uncertainties 
exist at fundamental level, since microscopic phenomena governing nucleate 
boiling are still not understood. At the same time,  component scale  modelling 
still relies heavily on empirical representations of how heat is removed from the 
boiling surface. In this talk, we present our research on micro scale 
Computational Fluid Dynamics modelling of nucleate boiling, currently being 
undertaken within the Nuclear Engineering Group at Imperial College. 
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FREDERIC SEBILLEAU 
 
 
CFD ANALYSIS OF SINGLE PHASE COUNTER-CURRENT  BUOYANCY 
DRIVEN FLOW AND ITS APPLICATIONS TO PASSIVE REACTOR 
DESIGN 
 
F Sebilleau, R I Issa, S P Walker, Imperial College London 
 
 
 
Increasingly, modern  nuclear  plant  designs  rely  on  natural  circulation.  This  
reliance may  be  confined  to  fault  conditions  such  as  loss  of coolant 
accidents,  or may extend to normal power removal  from the core.  
Understanding  the behavior  of,  and  being  able  to  predict,  such buoyancy 
driven flows is thus of vital importance in a nuclear context. However, the 
complex nature of the flow structures leads to local 3D effects  
in  ‘wide’  geometries,  and  makes  reliable  flow  prediction  impossible  with  
classic  system  codes.  Even in  slender   ‘pipe like’   geometries countercurrent  
flow  of  hot  and  cold  fluid would make  a  one dimensional  simulation  
totally misleading.  However, simply moving  to  a  three dimensional CFD 
treatment is not necessarily sufficient to ensure good prediction. The strong 
anisotropy of the turbulence and the coexistence of  
various flow regimes make the choice of an appropriate turbulence model 
difficult.  
 
Countercurrent flow in a pipe might occur when the  natural buoyant flow was 
of hot fluid up the pipe, but a feature such as a local heat sink  (an uninsulated 
valve in the pipe, perhaps)  acts as a source of cold fluid, which attempts to flow 
down the pipe as a counter current flow.  On a different scale, counter current 
flow such as this would occur for example inside the secondary containment. 
This countercurrent flow problem captures the complexities of most buoyant 
flows, and this provides a highly relevant and general model problem.  
 
In the work presented herein, we describe the design and preliminary analysis of 
an experimental rig being built to study single phase counter current flow in a 
pipe. Initial CFD and experimental results are presented.  
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JANANI SREE MURALLIDHARAN 
 
WALL HEAT FLUX MODELLING IN SUBCOOLED FLOW BOILING 
 
Janani Sree Murallidharan, Simon P Walker, Imperial College London 
 
 
 
Thermal hydraulics of rod bundles and in particular the prediction of Departure 
from Nucleate Boiling (DNB) is of interest to both designers and safety analysts 
of nuclear power reactors. However, DNB is a highly complex phenomenon 
whose occurrence is influenced by both local and global flow parameters. 
Progress is being made in the ability to predict DNB directly using general-
purpose CFD codes. A precursor to trying to computationally predict DNB, is 
to, understand and improve our ability to simulate the underlying boiling 
phenomenon in which this occurs - the subcooled flow boiling phenomena. This 
is an active research area, and is done via wall heat flux partitioning approaches. 
The subcooled flow boiling phenomena span over many length scales. 
Consequently, the evaluation of the heat fluxes by models is not mechanistic but 
predominantly empirical and correlation-based. One of the main complexities 
encountered whilst modelling is the variation in the boiling phenomenon with 
operating pressures. In this study, an attempt is made to understand the heat 
transfer phenomenon and the partitioning of heat flux more accurately by 
studying the relative significance of the quenching and evaporation 
contributions to the wall heat flux partition and how they vary with system 
pressure. 
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MARTYN KENDRICK 
 
 
CFD MODELLING OF NATURAL CIRCULATION BETWEEN HEATED 
PARALLEL PLATES AT INCLINED ANGLES: A PHD OUTLINE 
 
 
M Kendrick, University of Manchester/Defence Academy, MoD 
 
 
 
The CFD  Computational Fluid Dynamics  code EDF Code Saturne is to be 
used to investigate the effect of inclination angle on naturally circulating flow 
between heated parallel plates.  The industrial importance of such flows merits 
the use of a representative RANS  Reynold's Averaged Navier Stokes  scheme.  
Since there is little experimental data it is proposed that LES  Large Eddy 
Simulation  is used a a method for testing and validation of various RANS 
schemes.  A major objective of the study is to produce detailed LES data.   In 
the present work, an outline of the problem is given and a breakdown of current 
activities and future works is made. 
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MICHAEL WOLFENDALE 
 
A COUPLED SYSTEMS CODE – CFD MHD SOLVER FOR FUSION 
BLANKET DESIGN 
 
Michael Wolfendale, Imperial College London 
 
 
Fusion blankets are required to operate in a harsh environment under the 
influence of a number of interdependent and synergistic physical phenomena, 
working across several length scales.  For magnetic confinement reactor designs 
using a conducting fluid as coolant/breeder, the difficulties in flow modelling 
are challenging due to interactions with the large magnetic field. 
 
Blankets comprise a number of common features such as ducts, manifolds and 
connections.  As such, blankets are an ideal candidate for the application of a 
code coupling methodology, with a thermal hydraulic systems code modelling 
portions of the blanket amenable to 1D analysis, such as ducts, and 
computational fluid dynamics (CFD) providing detail where necessary.  It is the 
aim of this study to develop such a modelling approach, enabling extensive 
thermal hydraulic simulation of the blanket and associated systems and 
accounting for magnetohydrodynamic (MHD) effects in a computationally 
efficient manner that lends itself to the design process. 
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NICHOLAS O’MEARA 
 
 
PREDICTING RESIDUAL STRESSES IN FERRITIC RPV STEEL 
WELDS: MATERIAL FACTORS 
 
Nicholas O’Meara, Dr John A Francis, Dr Simon D Smith, Professor Philip J Withers, University of Manchester 
 
 
The evolution of residual stresses in welds arises from the complex thermo-
mechanical history of heat flow and thermal expansion at very high 
temperatures. It is challenging to conduct very accurate assessments of these in 
the same way that service stresses can be defined. Simulation techniques have 
been developed making it increasingly possible to predict residual stresses. In 
nuclear RPV welds, a range metallurgical phenomenon should be considered 
and FE simulations of welds require a wide range of material data. The effects 
of phase transformations are significant. The transformation from one phase to 
another has an associated strain which can act to alleviate residual stresses and 
if the transformation occurs under the action of applied stresses, the 
phenomenon known as transformation plasticity can lead to the generation of 
large strains. Here, some of the factors that can influence the phase 
transformation kinetics are introduced and measurements and modelling 
approaches are presented. 
 
 



UNTF CONFERENCE: 14 – 16 APRIL 2014 
 

SPEAKERS’ ABSTRACTS 
 
 

MATTHEW JORDAN 
 
 
MEASUREMENTS OF STRESS CONCENTRATION BEHAVIOUR IN 
AGR GRAPHITE 
 
M  S L Jordan, D Nowell, T J Marrow, University of Oxford 
 
 
To ensure the safe life-extension of AGRs, the susceptibility of the graphite 
moderator (Gilsocarbon) to keyway-root cracking must be determined.  A major 
challenge is in measuring the radiolytic-oxidation effects on the stress 
concentration behaviour of Gilsocarbon.  Successful measurement will improve 
predictions of quasi-brittle fracture behaviour and improve the monitoring of 
core-graphite health. 
 
To understand the inherent behaviour of this quasi-brittle material, first the 
stress concentration behaviour of virgin Gilsocarbon must be determined.  By 
loading blunt features of different radii, crack initiation in Gilsocarbon has been 
studied using X-ray computed tomography (XCT) at the Diamond Light Source.  
The evolution of strain ahead of the features is then calculated by digital volume 
correlation (DVC).  Comparisons may then be made between the strains in the 
loaded and unloaded states, with finite element modelling used to determine the 
type of deformation behaviour presented by the Gilsocarbon before fracture. 
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MUSTAFA NASSER 
 
 
EXAMINING THE EFFECT OF ENVIRONMENT ON THE FATIGUE 
AND CREEP-FATIGUE BEHAVIOUR OF TYPE 316H STEEL 
 
	  
Mustafa Nasser, Dr Catrin M Davies, Prof. Kamran Nikbin , Prof. David Dean     Imperial College London 
 
 
 
The UKs ever increasing energy demand has led to the decision to extend the 
lifetime of its aging fleet of AGR nuclear reactors. A lifetime review of EDF 
Energy’s Hunterston B and Hinkley Point B reactors has identified the cracking 
of critical boiler components. To mitigate further damage, plant operating 
temperatures have been lowered, reducing operating efficiency and incurring 
vast financial costs. The components are fabricated from Type 316H steel and 
typically operate in CO2 environments under high temperature  550°C  creep 
conditions. It has been discovered that a hardened surface layer forms as a result 
of this environment. The addition of this layer is thought to be detrimental to the 
creep fatigue and fracture properties of the material, causing premature cracking 
and damage. This work aims to develop and implement novel experimental and 
numerical techniques in order to evaluate and predict the creep fatigue 
behaviour of Type 316H steel in CO2 environments. 
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CEM ÖRNEK 
 
 
LOW TEMPERATURE ATMOSPHERIC STRESS CORROSION 
CRACKING INVESTIGATIONS OF 2205 DUPLEX STAINLESS STEEL 
 
	  
Cem Örnek, Dirk L Engelberg, University of Manchester 
 
 
 
Localised corrosion (e.g. pitting, crevice) and atmospheric stress corrosion 
cracking are damage mechanisms that need to be considered for predicting the 
integrity of stainless steel containers used for storing the UK’s intermediate-
level radioactive waste (ILW). The containers are made from grades 316 and 
304 austenitic stainless steels, with grade 2205 duplex stainless steel considered 
as viable, more resistant replacement option. 
 
This PhD project investigates the propensity of grade 2205 duplex stainless 
steel to atmospheric corrosion and stress corrosion cracking in controlled 
climatic environment. Tensile samples dosed with salt droplets and exposed at 
50°C showed localised-selective corrosion on the ferrite. 
 
The austenitic microstructure became more susceptible to localised corrosion 
with increasing degree of cold deformation, and after one year of exposure 
micro-cracks were observed in the austenite. The ferrite seemed to act as 
precursor for the observed cracks. EBSD and KPFM analyses on the duplex 
microstructure indicated local sites that are more susceptible to stress corrosion 
crack nucleation. 
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GUIYI WU 
 
 
FINITE ELEMENT STUDIES ON THE TRANSFERABILITY OF A PIPE 
SUBJECTED TO THERMAL SHOCK FROM THE LABORATORY TO 
STRUCTURE 
 
	  
Guiyi Wu, Professor D Smith, Professor M Pavier, University of Bristol 
 
 
Repeat thermal shock loading is commonly used in the operation of pressure 
equipment. The crack initiation and growth due to repeat thermal shock is 
particular interest of industry application. Many repeat thermal shock tests were 
studied to validate the current models for fatigue crack initiation and growth by 
many researchers. However, the tests limit to the specific component. This 
assumes that the model can be applied to other geometric shapes and operating 
conditions. The transferability was not considered. This report uses finite 
element method to study the transferability and fatigue life of the pipes 
subjected to repeat thermal shock. The effects of each non-dimensional group 
on temperature, thermal stress, plastic region and stress intensity factor were 
investigated. The non-dimensional method together with the weight function 
method was used to analyse the fatigue crack growth.  

 


