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   MSE 414
   Nuclear Materials for Reactor Systems
   Course Leader: Professor R W Grimes
   Status: Core – MEng Materials with Nuclear Engineering/MEng Fourth
   Year and MSc option
   Prerequesites: None.
   Introduction to Nuclear Energy 3rd yr Mech Eng course very useful;
   knowledge of basic materials defects and the concept of microstructure
   very useful.
   Aims
   The course will assume students have at least a basic understanding of
   a reactor system. The aim is then to develop an appreciation of
   materials issues associated with nuclear reactor technology and how
   this information is used when designing reactor systems. A mechanistic
   description of materials selection for intense radiation fields and
   the associated degradation mechanisms will be covered for different
   classes of material with a focus on the specific advantages and
   disadvantages. The course will then cover specific cases where
   materials issues have been crucial to systems performance and a
   variety of degradation and failure mechanisms as well as the radiation
   damage processes that brought about these failures.
   Learning outcomes
   At the end of the course students should be able to:
   Prof R W Grimes
     * 
       Review radiation types, radioactive decay and dose units.
     * 
       Explain how radiation penetrates by matter and the shielding that
       this imparts.
     * 
       Discuss the relative importance of the three processes by which
       gamma is attenuated and how alpha, beta and neutrons are
       attenuated.
     * 
       Define and explain the relative importance of electronic and
       nuclear stopping.
     * 
       Define and explain radiation damage and radiation effects;
       degradation mechanisms, amorphization, void swelling etc.
     * 
       Explain the criteria for a radiation tolerant material and
       critical dose for amorphization.
     * 
       Use the Kinchin-Pease Model to predict damage accumulation and its
       part in general chemical rate theory of radiation damage.
     * 
       Recall the types of fuel and components for the Nuclear Fuel
       Assembly.
     * 
       Discuss the fuel cycle and fuel fabrication
     * 
       Describe what fission products are formed and their distribution,
       especially fission gas release.
     * 
       Understand how the microstructure of fuel changes in a reactor
       environment and its influence on fuel performance: hence what
       makes a good fuel.
     * 
       Use simple analytic model to predict heat conduction in fuel for a
       variety of fuel types (morphologies).
     * 
       Justify the use of the INEGMA code, developed by British Energy to
       a variety of fuel history scenarios in order to predict their
       consequences on fuel performance.
     * 
       Wigner energy and graphite. Performance of graphite in a reactor
       environment.
   Dr M Wenman
     * 
       Explain the use of different materials used in a PWR primary
       circuit.
     * 
       Define the term “sensitisation” with respect to both thermal and
       irradiation conditions.
     * 
       State the three components necessary for SCC and the
       characteristics of stress corrosion cracks.
     * 
       Discuss the process of corrosion pit formation and transition to
       stress corrosion cracks.
     * 
       Describe and differentiate between the various theories of SCC and
       describe the mechanisms of irradiation assisted SCC.
     * 
       Describe the effects of cold work and corrosion potential on SCC
       of power plant materials and occurrences in real plant.
     * 
       Explain the use of low alloy steel for reactor pressure vessels,
       the phenomenon of a ductile-to-brittle transition in ferritic
       steel and why microstructure is important in the fracture process
       of steels.
     * 
       Use of the Master Curve approach to fit fracture data to small
       sample sets and be able to fit a 2-parameter Weibull distribution
       to a toughness data set and discuss the advantages and
       disadvantages of this method.
     * 
       Describe the fabrication process of an RPV and how modern RPVs
       differ to older vessels.
     * 
       Describe the process by which neutron irradiation damages steels
       and the level of neutron irradiation of the RPV wall during its
       service life including ways of measuring neutron damage.
     * 
       Explain the process of irradiation embrittlement and the problem
       caused by copper clustering and ways of mitigating this.
     * 
       Define and explain the terms residual stress, primary stress and
       secondary stress.
     * 
       Describe arc welding techniques, what they are appropriate for and
       a multipass submerged arc weld microstructure and its associated
       mechanical properties.
     * 
       Explain why welding leads to residual stresses in components and
       the problems associated with dissimilar metal welds.
     * 
       Calculate a simple plastic collapse load and a simple stress
       intensity factor and determine whether brittle failure will occur.
     * 
       Draw a FAD for a simple case calculating and plotting (Lr,Kr) on
       the FAD and determine the factor of safety.
     * 
       Describe the phenomenon of pellet-clad mechanical interactions in
       PWR and AGR systems, the pellet-clad gap, its closure, heat
       transfer mechanisms and their roles in PCI.
     * 
       Describe the pellet cracking process during initial ramps and
       accident conditions and refuelling of AGRs.
     * 
       Discuss the postulated clad damage models for both AGR and PWR
       systems.
     * 
       Explain the origin of hydrogen in zirconium alloys and describe
       the formation of the oxide layer on fuel cladding alloys and its
       breakaway.
     * 
       Explain the hysteresis of the solid solubility of hydrogen in
       zirconium alloys with temperature and explain the formation and
       type of accommodation dislocations surrounding zirconium hydride
       precipitates.
     * 
       Analyse and compare the differences between the precipitate first
       and diffusion first models of delayed hydride cracking.
   Dr D Dye
     * 
       Introduction to Zr metallurgy. Why Zr? Phase diagram, extraction,
       microstructures, mechanical properties. Deformation systems – slip
       and twinning. Axial ratio. Fuel tube manufacture. Omega, hydrides,
       basal loops.
     * 
       Tube fabrication. Fuel assemblies and maufacture. Textures in Zr
       and how tube textures arise. Yield loci. I infiltration and the
       desired texture. Observations of texture evolution, incl during
       beta cycling. Texture retention, Lankford coefficients. Texture
       retention. Welding the end cap – strain measurement, PWHT and weld
       microstructures
     * 
       Defects in Zirconium I. Requirements for Zr fuel clad. Fuel
       swelling. Damage cascades. A simple work hardening model. Voiding;
       sinks for voids; stability. Measuring voids by SANS vs TEM.
       Alloying and voids in Zr; loops. Channeling of deformation.
     * 
       Defects in Zirconium II. Irradiation creep and superplastic creep
       in LOCAs. Balooning. Conventional models for creep; adapting for
       irradiation. LOCA scenarios. Testing done. M5 vs Zry-4; oxidation.
       Creep, growth and stress in Zr-2.5Nb
     * 
       Hydrides and Oxidation. Zr-H phase diagram; observation of
       hydrides; hydride reorientation; effect of hydrides on properties.
       Oxidation; linear response and spalling; effect of SPPs.
   Recommended textbooks A = required, B = recommended but not essential,
   C = background reading.
   C
   J G Collier and G F Hewitt “Introduction to Nuclear Power”, Hemisphere
   Publishing Corporation, New York, 2000.
   C
   P D Wilson (Editor) “The Nuclear Fuel Cycle: From Ore to Waste” (0198565402W)
   B
   G S Was “Fundamentals of Radiation Materials Science” Springer
   (978-3-540-49471-3)
   Structure, teaching and learning methods
   24 lectures: Autumn term
   Assessment
   Examination
   The course is examined in the summer term. The exam paper consists of
   5 questions from which the student must answer 3.
   The pass mark for the MEng cohort is 40% and for the MSc Advanced
   Materials Science and Engineering is 50%. The module contributes 100
   marks of the fourth year.
   Staffing
   Lectures
   Tutorials
   Lab sessions
   Professor Grimes
   8
   Dr D Dye
   8
   Dr M Wenman
   8
   Course Material
   Powerpoint
   Lectures
   Lecture
   Handouts
   Tutorial
   Sheets
   Lab
   Scripts
   WebCT
   Professor Grimes
   8
   2
   Yes
   Dr D Dye
   8
   1
   Yes
   Dr M Wenman
   8
   Yes
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