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An Early Start: Calder Hall 1956

The world's first commercial nuclear power station, Calder Hall in
Sellafield, England was opened in 1956, a gas-cooled Magnox reactor.

Early-on the UK tested every 
conceivable reactor type 
and fuel option, even in 
commercial reactors.
Long history of 
International collaboration.
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17% of total UK electricity needs



UK Nuclear Generating Capacity

From British Energy presentation 2009: Nuclear Workhorses
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UK wastes destined for Geological Disposal

*Not declared as wastes.

Waste Type Waste Volume 

(cubic metres)

RWMD 2010 

Baseline + NB SF

LLW 13,800

ILW 490,000

HLW 6,910

AGR spent fuel 4,800

existing PWR SF 1,640

new PWR SF

(16GWe scenario)

34,400

Plutonium* 7,820

Uranium* 106,090

All (total volume) 665,460

See CoRWM doc. 2997, Note on Inventories 

for Geological Disposal, Jan 2012.

500,000m3 is ~ St. Paul’s cathedral. 



Possible new build plant 

(international)
• EPR – Evolution of AREVA PWR with additional safety 

features

• ABWR – Hitachi/GE modified version of their existing BWR 

• AP600 – Westinghouse, „Radical rethink but using existing 
parts‟

• AP1000 – A passively safe simplified PWR

• ACR1000 – Advanced CANDU Reactor, light water cooled, 
2% enriched fuel

• APWR – Mitsubishi Heavy Industries

• ATMEA 1 – 1000 MWe, evolutionary 3-loop PWR, joint 
venture between AREVA and Mitsubishi Heavy Industries

• APR1400 – KHNP (Korea Hydro & Nuclear Power 
Company)/Doosan 4000MWth four loop

• GE Prism

Possible new build plant (UK)

• EPR – Evolution of AREVA PWR with additional safety 
features

• ABWR – Hitachi/GE modified version of their existing BWR 

• AP600 – Westinghouse, „Radical rethink but using existing 
parts‟

• AP1000 – A passively safe simplified PWR

• ACR1000 – Advanced CANDU Reactor, light water cooled, 
2% enriched fuel

• APWR – Mitsubishi Heavy Industries

• ATMEA 1 – 1000 MWe, evolutionary 3-loop PWR, joint 
venture between AREVA and Mitsubishi Heavy Industries

• APR1400 – KHNP (Korea Hydro & Nuclear Power 
Company)/Doosan 4000MWth four loop

• (Later: Pebble bed, Gen IV, ……)
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• AP1000 – A passively safe simplified PWR

• ACR1000 – Advanced CANDU Reactor, light water cooled, 
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venture between AREVA and Mitsubishi Heavy Industries

• APR1400 – KHNP (Korea Hydro & Nuclear Power 
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• (Later: Pebble bed, Gen IV, ……)

• EPR – Evolution of AREVA PWR with additional safety 
features

• ABWR – Hitachi/GE modified version of their existing BWR 

• AP600 – Westinghouse, „Radical rethink but using existing 
parts‟

• AP1000 – A passively safe simplified PWR

• ACR1000 – Advanced CANDU Reactor, light water cooled, 
2% enriched fuel

• APWR – Mitsubishi Heavy Industries

• ATMEA 1 – 1000 MWe, evolutionary 3-loop PWR, joint 
venture between AREVA and Mitsubishi Heavy Industries

• APR1400 – KHNP (Korea Hydro & Nuclear Power 
Company)/Doosan 4000MWth four loop

NuGen – collaboration between Iberdrola & GDF 

Suez
NuGen – Toshiba, who own Westinghouse, bought out 

Iberdrola

• AP1000 – A passively safe simplified PWR
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Source: GE Hitachi

Advanced Boiling Water Reactor



Source: GE Hitachi

Advanced Boiling Water Reactor



The Near Future: AP1000
Incorporates (transient) Passive Features



Magnox:  Gen I, graphite moderated, CO2 cooled, uranium metal 
fuel, magnesium cladding.  One left. Decommissioning.

AGR:  Gen II , graphite moderated, CO2 cooled, UO2 fuel in a 
stainless steel cladding.  Majority of capacity – life extension.

PWR:  Gen II, H2O cooled and moderated, UO2 fuel in a zirconium 
metal cladding, high burn-up.   One at present…New Build.

Reprocessing:  Future is not clear.  Legacy of the largest volume of 
civil Pufuels containing Pu.  

Decommissioning:  of civil and military structures and programmes 
including fast reactors.

UK Nuclear Research Drivers



• With an aging fleet, the immediate need is for more 

conventional Gen III+ reactors and life extension.

• Gen IV requires significant further development –

especially in radiation resistant materials and reproducible 

modular designs.

• ...but, Gen IV attempts to addresses the key issues of fuel 

sustainability, passive safety, proliferation risk and flexibility.

Gen IV v’s More Immediate Concerns

Source:  World Nuclear 

Association, October 2011



Small (Modular) & Micro Reactors

• Reactors producing ~300 MWe or less.  Greater flexibility; 

e.g. adoption by developing states with limited grid capacity.

• Can “small be beautiful” from a business case point of view?

• Future designs emphasize passive safety, proliferation 

resistance through lifetime cores and high 238Pu production.

• Marvelous names, for example:

IRIS International Reactor Innovative & Secure

(335 MWe PWR), 

AFPR Atoms for Peace Reactor 

(100 MWe PWR), 

Toshiba 4s Super Safe, Small and Simple

(sealed unit, 10 MWe Na, fast)

UBattery, local energy, 4MWe, triso, He cooling.



The Skills Challenge



Reviews of nuclear fission R&D needs 
(2010/2011)

Royal Society House of Lords Energy 
Research 
Partnership



House of Lords report (2011)
Key conclusions

• “The development of a long-term
strategy for nuclear energy …, outlining
support for R&D through an R&D
Roadmap...

• The establishment of an Nuclear R&D
Board, to develop and implement the
R&D roadmap…”.

http://www.parliament.uk/business/committees/committees-a-z/lords-select/science-and-technology-committee/news/nuclear-
report-press-notice/



Ad hoc Nuclear Research and Development 
Advisory Board reports (2013)

• Chaired by Government’s Chief 
Scientific Adviser

• Reported to Government – April 2013

https://www.gov.uk/government/publications/ad-hoc-nuclear-research-and-

development-advisory-board-summary-of-recommendations-and-work



Recommendations
• Recommendation 8

– “…the Board recommends that Government,
with the help of industry and academia, puts
in place a new R&D and skills programme
which explicitly supports the deployment of
future nuclear energy systems and
associated fuel cycles in the UK”

• Recommendation 9
– “The Board recommends that Government,

with the help of industry and academia, puts
in place a clear plan to retain, develop and
attract the skills and capability necessary to
keep open the option for future reprocessing
of spent nuclear fuels.”

• Also New Investments:
– £15M in new active facilities at NNL, CCFE

and Universities &

– Joined the Jules Horowitz test reactor,



Role of NIRAB

• To advise Ministers, Government Departments and 

Agencies on priorities for UK nuclear R&D and 

innovation

• To support the development of new R&D and innovation 

programmes to underpin policy (e.g. energy and 

industrial policies) and the associated business cases 

• To foster greater cooperation and coordination across 

the UK research and innovation landscape

• To oversee the development of a coordinated 

international engagement strategy

NIRAB is unfunded and does not commission or carry out research. 

It is supported by NIRO which acts as the NIRAB secretariat



Composition of NIRAB

17 members:

• Academics

• Senior technologists from industry

• Facilities operators

8 observers:

• Chief Scientific Advisors for Government and 

Government Departments

• Representatives of public funding bodies

• Regulator 



Way of working

• Members are appointed for personal expertise –

they do not represent their employers

• NIRAB meets 4 times a year

• Use of sub-groups to engage a wider range of 

specialists

• Recommendations are formulated against a 

range of criteria:

– Delivering the objectives set out in the Nuclear 

Industrial Strategy

– Building on strengths in the UK research base

– Opportunities for international collaboration



Initial focus
• The initial focus has been to identify gaps in 

government funding and to make recommendations  

on how these could be filled

– Government funding would be inappropriate in some areas

– Significant funding already available in others

• Key gap – future fuel cycles

• The first annual report will recommend a national R&D 

programme covering all aspects of future fuel cycles

– Fuel fabrication (including ATF for current reactors and fuels for future 

reactors)

– Development and commercialisation of SMRs and (e.g.) GenIV reactors

– Recycle technologies for thermal and fast reactor fuels

– Management of the novel wastes generated by future fuel cycles



Universities Active in Nuclear Research

http://www.ucl.ac.uk/


The size and 
experience of 
the academic 
nuclear R&D 
workforce in 
the UK



UK Nuclear Academics Discussion Meetings

Oxford 2012

Birmingham 2013

Leeds 2014

…Sheffield 2015, Lancaster 2016.



The subject focus of the 237.53 FTE 
UK academic nuclear R&D workforce



Research Council Support for Civil 
Nuclear Research

Theme no. of projects Value (£M)

Training 2 9.3

Nuclear systems 10 10.4

NNUF (nuc champs) 1 16.6

Safety 2 0.5

Fuel 5 7.3

Decomm & Waste 4 10.9

Geodisp. &  Environ 3 7.4

Materials 13 20.3

Supply Chain 8 2.0

Total 47 84.9



• Computational Modelling for advanced Nuclear Power Plants,            

£1.6M Jun-14

• Fundamentals of current and future uses of nuclear graphite,            

£1.3M Mar-14

• MBase: The Molecular Basis of Advanced Nuclear Fuel 

Separations, £1.3M Mar-13

• Nuclear Data: Fission Yields, Decay Heat and Neutron 

Reaction Cross Sections, £0.6M Jun-14

• Performance and Reliability of Metallic Materials for Nuclear 

Fission Power Generation, £1.8M Jun-14

• Advanced Technologies and Modelling Capabilities to Improve 

the Safety and Performance of Nuclear Fuel, £1.2M Mar-14

Examples of Research Council consortia



Nuclear Skills & Training
Two Collaborative EPSRC Centres for Doctoral Training

Next Generation Nuclear ICO Nuclear Energy

Universities of Lancaster, Leeds,             Imperial College, Cambridge, 

Liverpool, Manchester & Sheffield. Open University

Aims:

• develop the next gen nuclear research leaders with a global vision & 

international outlook for UK industry, academia, regulators & government.

• deliver underpinning, long term science and engineering to meet the 

national priorities, which underpins real industry challenges.

• deliver a high quality training programme tailored to student needs.

• high profile, high impact outreach.

Key Areas

• Development & testing of materials for: reactors; wasteforms

• Modelling for: reactor physics; reactor thermal hydraulics; materials & 

structural integrity

• Geomechanics & radionuclide transport for the GDF



International Collaboration
• Limited research funds => we need to target specific 

nations:

– Currently we have developed significant formal collaborations with: 
India & USA; are in advanced state of identifying research topics 
with Japan & Korea, are negotiating with France.

– Long standing peer-to-peer collaborations in: Australia, Canada, 
Germany and Sweden, amongst other.

• Case study – Spain – an example where we might be able 
to build up collaboration from the bottom-up with a little 
help from SIN.

• Korea & US – presented @ academics discussion meeting.

• UK has signed a nuclear agreement MoU with Vietnam.

• UKTI included academics when they visited Jordan in Oct 
& Malaysia in Nov 2013.





Projects with India: round 1

• Civil nuclear collaboration on damage and radiation effects in 
amorphous materials £217K, led by Neil Hyatt, Sheffield.

• Characterisation of the atomic scale structure of yttria-based particles 
in oxide dispersion strengthened steels £147K, Chris Grovenor, Oxford.

• Irradiation effects on flow localisation in zirconium alloys £319K, led by 
Michael Preuss, Manchester

• JOINT: an Indo-UK collaboration in joining technologies £318K, led by 
John Bouchard, Open University.

• Validation and verification for critical heat flux and CFD £207K, led by 
Simon Walker, Imperial.

• Sustainability and proliferation resistance assessment of open cycle 
thorium-fuelled nuclear energy £215K, led by Geoff Parks, Cambridge.



• Transferability of small-scale specimen data to large-scale component 
fracture assessment, £524k, led by Bob Ainsworth, Manchester.

• Fundamental properties of thoria based mixed oxides, £381k, led by 
Robin Grimes, Imperial.

• Management of nuclear environmental, financial and safety issues, 
£494k, led by Paul Thomas, City University.

• Atomistic modelling and experimental verification of vitrified matrices 
for waste encapsulation, £502k, led by Roger Smith, Loughborough.

• Influence of inhomogeneity on the creep of dissimilar metal welds, 
£752k, led by Dave Smith, Bristol.

• Thermal hydraulics for boiling and passive systems, £797k, led by 
Simon Walker, Imperial.

Projects with India: round 2





World-leading

nuclear research in West Cumbria

National Nuclear User Facility

http://www.google.co.uk/imgres?q=imperial+college+london&num=10&hl=en&tbo=d&biw=1808&bih=850&tbm=isch&tbnid=gsTQnZsyj61HxM:&imgrefurl=http://multicore.doc.ic.ac.uk/&docid=7hqrY5Zj6II6mM&imgurl=http://multicore.doc.ic.ac.uk/images/logo_imperial_college_london.png&w=1505&h=396&ei=vXCvUIrSAeXS0QXx14GIBg&zoom=1&iact=hc&vpx=402&vpy=203&dur=906&hovh=115&hovw=438&tx=201&ty=66&sig=105556834178821409616&page=1&tbnh=33&tbnw=126&start=0&ndsp=61&ved=1t:429,r:4,s:0,i:165
http://www.google.co.uk/imgres?q=oxford+university+logo&hl=en&tbo=d&biw=1808&bih=850&tbm=isch&tbnid=bztqyM839hY90M:&imgrefurl=http://www.materials.ox.ac.uk/local/documents.html&docid=HmGihd9O7hmMsM&imgurl=http://www.ox.ac.uk/images/hi_res/2258_ox_brand_blue_pos_rect.png&w=1919&h=591&ei=HXGvUPzvOOa40QXOtIHoCA&zoom=1&iact=hc&vpx=587&vpy=75&dur=3407&hovh=124&hovw=405&tx=213&ty=70&sig=105556834178821409616&page=1&tbnh=44&tbnw=144&start=0&ndsp=69&ved=1t:429,r:7,s:0,i:171


Engineering Decommissioning

Radiation science
(materials and chemistry)

Access to active facilities

Facilities: Dalton Cumbria Facility



Nuclear AMRC



Rolls-Royce UTC research model
• In a bid to capitalize on its current intellectual assets and to

further develop its activities in the nuclear sector, Rolls-Royce has
established a University Technology Partnership (UTP) based at
both Imperial College and Manchester University.

• The Nuclear UTC is cross-disciplinary and involves all aspects of
the nuclear energy generation process (reactor physics, thermal
hydraulics, structural integrity, materials, etc).

• The UTCs were opened in May 2010.



R&D to support operating reactors



Facilities: STFC Rutherford Appleton Laboratory
ISIS neutron spallation source

ENGIN-X engineering science 

beamline

• Material structure

• Residual stress

• Neutron radiography

• Neutron tomography



 Quantify the distribution and magnitude of residual stresses present in bifurcation 

components after the fabrication cycle.

 The measurements are used to validate a finite element model being used to simulate the 

complete fabrication process and cyclic service load-history

R&D to support operating reactors

John Bouchard, OU
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Degradation of Zr alloys in service 



In-Situ Tomography of Stress 

Corrosion Cracking

Radiograph Tomograph

(Sensitised 304 stainless steel)

James Marrow, Oxford



Combined Tomography 
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Nuclear Champion
Consortium

Summary

UK civil nuclear energy sector is undergoing its own 

nuclear renaissance.

• Opportunities stem from new build, decommissioning and life 

extension activities – industry has the best basic science problems.

• Market driven new build projects are progressing, via the 

generic design process.  Skills remains a challenge.

• Research funding has grown by a factor of ten, with RCUK 

and industry sponsorship.  HMG & Universities are investing.

• International collaboration is encouraged with models 

designed to suit the specific opportunities and drivers of 

partner countries.



Nuclear Champion
Consortium

Summary

• A key component of our commitment to further enhance the 

safety, security and efficiency of nuclear energy is targeted 

research. 

• Over the last 5 years we have seen a ten-fold increase in 

research funding with a continued emphasis on excellence. 

• While the UK has always believed an outward facing 

research programme is crucial, we have strengthened our 

international cooperation. 

• It is through the challenge of 

research excellence that we will 

attract the best and brightest, our                                       

future technical and policy leaders.



Current operations
eg Graphite, Thermal Hydraulics

New Nuclear Build
eg Manufacturing, Materials

Decommissioning and 
Waste Management
eg Robotics, Radiochemistry

Advanced Fuel Cycles
eg Accident tolerant fuels, Triso

• Large-scale research facilities

• Targeted research programmes inc.

 Next Generation Nuclear CDT

 New Nuclear Manufacturing

 Fuels Centre of Excellence

• Research partnerships 

Dalton Nuclear Institute

The University of Manchester

Dalton Cumbrian Facility

The University of Manchester’s Dalton Nuclear Institute



Nuclear Engineering at Imperial

• 33 academics across 5 departments including 
Civil Eng and Earth Science & Eng.

• Undergraduate programmes in Materials, Mech
Eng and Chem Eng with Nuclear Eng. (25-30/yr)

• 1 year MSc in Nuclear Engineering (~15/yr)

• University Technology Partnership (+ 
Manchester) with Rolls Royce.

• Partnerships with EdF/EdF Energy and AWE.

• Centres for High Temperature Metals and 
Advanced Structural Ceramics (CASC).

• Centre for Doctoral Training in Nuclear Energy 

with Cambridge and The Open Universities.

• Research Themes:
• Fuel Design and Performance (Grimes, Wenman, 

Bluck).

• Reactor Operation, Design and Monitoring (Walker, 

Nikbin, Davies, Eaton).

• Spent Fuel and Waste Management (Grimes, Lee).

• Repository Science and Engineering (Zimmerman, 

Ryan, Pain).

www.imperial.ac.uk/nuclearengineering

http://www.imperial.ac.uk/nuclearengineering


Coventry University
• Core themes of Processes, Materials and Products

• Nuclear relevant themes:

• Residual stress and damage mechanics

• Manufacturing methods for enhanced structural integrity

• Neutron and synchrotron X-ray methods

• Atomistic modelling

• Non-destructive magnetic techniques

• New Faculty Research Centre in Manufacturing and Materials Engineering, 
combined with a new £32M Institute for Advanced Manufacturing and 
Engineering, based at the Unipart Manufacturing Site in Coventry: the 
“Faculty on the Factory Floor”

• Recruiting 30+ researchers in 2014/15: Three Professorial staff, two 
Readers, six lecturers, six research assistants, 10+ PhD students



Neil Hyatt
Department of Materials Science

University of Sheffield

Flagship research and training programmes:

 Nuclear Advanced Manufacturing Research Centre
Mission to improve capabilities and performance along the 
nuclear supply chain (£55M research portfolio)

 Immobilisation Science Laboratory
Radioactive waste conditioning and disposal, characterisation 
and remediation of contaminated land (£10M research portfolio)

 Nuclear Materials Laboratory
Accident tolerant fuels and cladding, materials for fusion 
applications (£3M research portfolio)

 Centres for Doctoral Training
EPSRC Centres: Nuclear First, Next Generation Nuclear, and 
Advanced Metallics (ca. 100 PhD students / 10 y) 

 Nuclear social sciences
Social science of public acceptance of nuclear fuel cycle and 
geological disposal, ESRC CDT

Nuclear R&D capability engages >40 academics over 10 
Departments across the nuclear fuel cycle





National Nuclear Laboratory
Fuel cycle R&D

• R&D interests across the fuel cycle
• Strategic analysis

• Nuclear fuels

• Advanced separations and actinide 
recycling

• Wasteform development

• Facilities
• Central Laboratory

• Nuclear Fuel Centre of Excellence (NFCE)

• National Nuclear Users Facility (NNUF)

• Modelling & simulation

• Strategic research programmes
• Internal R&D

• Mechanism for collaboration


