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	Title:  Irradiation embrittlement of RPV steels

	Background to the project
Neutron irradiation of steels leads to a degradation in the mechanical properties of the steel.  This can include a reduction in toughness, increase in hardness and reduction in ductility.  A knowledge of how these properties vary with irradiation in essential to the production of Structural Integrity Safety Cases, including components of the highest reliability, for which failure would lead directly to a severe accident.

The Safety Case for the Reactor Pressure Vessel (RPV) at Sizewell B (SZB) relies directly on a knowledge of irradiation embrittlement properties.  This is a combination of direct measurements of surveillance materials and comparison with international data sources.  International data sources are usually in the form of embrittlement trend curves of dose-damage relations (DDRs) which embody the relation between material properties (such as composition, product form), radiation exposure (e.g. radiation dose, temperature, dose rate) and property degradation (in the form of e.g. hardening, shifts in the ductile-to-brittle transition temperature, reductions in the Charpy upper shelf energy) derived from compilations of data on radiation-induced degradation.  

DDRs developed using data compilations from reactors in different countries show apparently national biases in the effects of irradiation in that a DDR developed from surveillance data from that country’s fleet will predict the behaviour of that fleet well, but will show both increased uncertainty and bias with respect to another country’s fleet.  An understanding of the causes underlying these apparently national biases is essential in developing and maintaining Safety Cases for RPV materials.  This is already the case for SZB, but will become more acute as GDA designs begin construction.   This will become still more of a pressing problem with Advanced Reactor Designs which utilise materials outside of the current operating experience in terms of doses, neutron energy spectra and irradiation.

There is a need for the UK regulator, therefore, to develop an understanding of the irradiation embrittlement to maintain understanding for operating fleet and to develop understanding for future foreseeable challenges.  


	SCOPE OF THE SERVICES REQUIRED
The apparently national effect in DDRs could arise from a number of different factors, of which the most likely are:

1. Predominance of different reactor designs in different countries, and hence a different relation between dpa (the most appropriate damage correlate) and neutron fluence; Energy >1 MeV (the correlate used in most DDRs);
1. Predominance of different manufacturers in different countries, and hence differences in the thermo-mechanical histories and start-of-life properties of the RPV steels;
1. Different material sources and specifications in different countries, and hence different ranges in both major and trace elements in the steels, and different correlations between elements;
1. Different operating procedures in different countries, and hence different ranges associated with the reported fluxes, fluences and temperatures.

While all current DDRs are capable of describing the most significant correlations, it is considered that the “national” effects relate to the accuracy with which trends with the major contributors (e.g. fluence, temperature, Cu) have been derived from limited data sets and the (sometimes unavoidable) exclusion of the influence of factors which have only minor effects or which (like Cu-P-age of reactor or flux-fluence) are confounded with stronger factors or factors present with a wider range.  The first stage in producing a DDR without “national” effects is, therefore to improve the statistical analysis of the available data. 

Current DDRs for Light Water Reactor RPV steels are derived from shifts in the Charpy 41J transition temperature with radiation.  As shown by Moskovic and co-workers in their development of a very stable DDR for Magnox RPV steels, this is an inefficient use of the Charpy impact energy data.  It is therefore proposed services are required to use the basic Charpy impact energy measurements as a function of both test temperature and radiation exposure to produce a more stable data analysis within which major trends can be determined more accurately (addressing point 3 above) and minor trends (including yield stress, addressing point 2 above) extracted.  The uncertainties associated with point 4 should then become less influential.  

Due to the estimated value of the project (£45,000) and anticipated period of the project (8 months), invoicing should be staged and coincide with the delivery of one interim progress report and delivery of the final report. 


	OBJECTIVES
ONR consider that very significant progress could be made towards developing a DDR which is more stable to the production of new data and combines wider applicability with greater accuracy than previously-developed DDRs, thereby avoiding apparently national biases and, hence, providing more reliable predictions for Operating Facilities, New Build reactors and low alloy steel components in Advanced Reactor Designs.  
The intended outcome of this project is the delivery of an interim progress report/email and technical report encapsulating the findings of the study discussed above.


	CONSTRAINTS 
I propose to select NNL as a single tender contract as I judge that there is no other suitable SQEP resource in the UK.  NNL has already acquired surveillance reports from most US power reactors and has begun discussions with colleagues from other countries to obtain raw Charpy, tensile and composition data.  NNL has also begun the statistical analysis, investigating possible procedures and performing initial tests.  


	CONTRACT MANAGEMENT
ONR will require to be kept updated about progress and delivery of the required work via monthly meetings, to include a contract start-up meeting at ONR’s offices at Bootle. Subsequent progress meeting should be arranged with the ONR Project Office and can be held at ONR’s office in Bootle, or the contractor’s premises.






	TECHNICAL RESPONSE

	Response
The Technical Response should demonstrate a clear understanding of the work required.
Please provide 
· a description of how you will deliver the scope of work (methodology) and the proposed delivery team you will use, clearly signposting to relevant sections within your Capability Prospectus where appropriate/relevant ;
· a description of proposed deliverables and/or outputs
· an outline of anticipated engagement (project meetings & management)
· details of proposed cost and associated effort assumptions 
· a project delivery plan showing activities and milestones 
· a planned invoice schedule
· details of any assumptions or constraints
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