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	Title:  UK HPR1000 Generic Design Assessment Provision of Technical Support to Perform Independent Confirmatory Safety Analysis

	Background to the project
In January 2017 the UK Government formally asked ONR and EA to begin the Generic Design Assessment (GDA) of the UK HPR1000. The UK HPR1000 is a reactor design proposed for deployment at Bradwell-on-Sea, Essex. General Nuclear System LTD (GNS) is a UK-registered company that was established as the Requesting Party (RP) to implement the GDA on the UK HPR1000 reactor on behalf of three joint requesting parties, i.e. China General Nuclear Power Corporation (CGN), EDF and General Nuclear International (GNI).
The GDA process calls for a step-wise assessment of the RP’s safety and security submissions with the assessments increasing in detail as the project progresses. Step 1 of the UK HPR1000 GDA commenced in January 2017 and Step 2 finished in November 2018. Step 3 commenced thereafter and will last for approximately 13 months. Step 4 is currently planned to last for 24 months, starting in December 2019.
In the fault studies topic area, the RP intends to demonstrate that key safety criteria are met during accident conditions, through the running of its own computer models.  The RP will use a suite of in-house computer codes for this design justification and (design basis) safety analysis in the areas of reactor physics and transient analysis 
ONR wishes to undertake some independent confirmatory analyses of the RP’s safety case as a means of enabling ONR to have insights into the impact of running complex safety analyses with different computer codes to try to separate modelling artefacts from the simulation of real physical phenomena. Experience from similar work undertaken for earlier GDAs demonstrates confirmatory analysis is a powerful and effective assessment technique.  Its use in previous GDAs has identified real safety issues which have subsequently been addressed in reactor designs proposed for the UK. 
The work will be broken into two phases broadly corresponding to Steps 3 & 4 of the GDA process: 
Phase 1: During the first phase, ONR wishes to commission the development of a thermal hydraulic system code model of the UK HPR1000  independent of that used by RP. This is to be complemented with the development of a 3D reactor physics core model which will need to be able to couple to the system code model to allow detailed consideration of a range of transients.  The development will be supported by application to fault transients that will be chosen in discussions with the Technical Support Contractor (TSC). For the system model, this is likely to be a LOCA due to the reduced importance of thermal feedback. For the core, this is likely to be a rapid transient, such as a rod ejection; where the secondary circuit response is either negligible or can be prescribed at core inlet.

Phase 2: During the second phase, the computer models developed during the first phase will be adapted and applied to a range of faults selected by ONR.  The TSC will be required to compare their results with those of the RP and provide a view on the significance of any differences. These will inform ONR’s fault studies (design basis analysis), fuel and core and probabilistic safety analysis (PSA) assessments.



	SCOPE OF THE SERVICES REQUIRED
Scope of work
Develop a thermal hydraulic system code computer model of the UK HPR1000.  
1) A pragmatic approach to its development should be taken to ensure the model can be applied to a selection of fault transients without expending unnecessary effort developing redundant capabilities that are not required. 
2) The computer model should utilise a point kinetic approach for the reactor physics for the initial work scope.  However, the model should be developed with a view to coupling with the more sophisticated reactor physics model in the final phase.
3) The computer model should include a basic consideration of containment response.  A more detailed containment model is not envisaged at this time but there is value in providing the capability and flexibility to develop and couple such a modelling if containment behaviour emerges as an area of regulatory interest.
Develop a Core Physics computer model of the UK HPR1000.  
1) The TSC will use geometric and isotopic data to derive a set of neutron cross sections for each proposed fuel assembly type as a function of irradiation and other suitable dependencies. Given the proposed fuel loading pattern, this will be used to determine the nominal power distribution for full-power conditions. The nuclear data derived will need to take account of the spectral history of each fuel assembly in the equilibrium core to determine appropriate nuclear data. 
2) The TSC will use the nuclear data produced in 1) to develop a 3D, transient core model suitable for use as part of a wider model for the purposes of fault transient analysis.  The adequacy of the predicted steady state performance will be confirmed by comparison against core power-distribution data supplied.
Use the computer models to analyses the response of the UK HPR1000 to a selection of fault transients, compare the results with those from the RP’s analysis and report this comparison, and any insights gained, to ONR.
The development of the above models is to be informed by the information supplied by the RP during GDA.  Relevant and readily available references are listed in 2.6 (Inputs) below and include:  
1) A list of fault sequences (DBCs) is contained in the PSCR Chapter 12.
2) A list of Design Extension Condition events is contained in the PSCR Chapter 13.
3) The analysis of DBCs and Design Extension Condition events are presented within supporting references to Chapters 13 and 14.
4) Reactor plant, safety systems and fuel and core design descriptions can be found in PCSR Chapters 2 -10.
5) More detailed system information is available in System Design Manuals.
WORK BREAKDOWN
Phase 1
During phase 1 the contractor is required to:
a) Request from the RP the information needed to develop independent computer models (which ONR will formally submit to the RP as written Regulatory Queries (RQs)).  For planning purposes the contractor should assume that data will be provided 6 weeks after each request. It is unlikely that all the information required will be known at the start and several information requests will be needed, so requests should be prioritised so that work can start and progress maintained.
b) Develop a thermal hydraulic system code computer model of the UK HPR1000 using the information received from the RP, as described in paragraph 2.1 above, with an initial capability to analyse a LOCA fault transient (to be confirmed in discussions with the TSC). 
c) Develop a 3D reactor physics computer model of the core of the UK HPR1000 using the information received from the RP, as described in paragraph 2.2 above, with an initial  capability to analyse a single fault transient that will be selected in discussions with the TSC.
At the end of Phase 1 there will be a review to discuss progress with the modelling, to confirm the remaining work required during Phase 2. 
Phase 2
During Phase 2 the contractor is required to:
a) Further develop and couple the computer models developed during Step 1 to provide the capability to analyse a selection of fault transients, to be agreed in discussion with ONR. 
b) Analyse the fault transients agreed with ONR, and compare the results with the equivalent cases run by the RP. For bidding purposes, the following should be assumed. 
· A large break loss of coolant accident (LOCA)
· An intermediate break LOCA
· A steam generator tube rupture fault
· Loss of feed water (including operation of the ASP [SPHRS]).
· Main steam line break.
· Partial and full loss of main reactor coolant pumps.
· Station blackout events with a view to ensuring long term heat removal.
· A small number of anticipated transients without scram (CFD modelling of boron injection should not be considered within scope)
· A rod ejection/insertion accident
c) Discuss emerging and final results with the RP, via RQs and face-to-face meetings as necessary.
d) Provide ONR with advice on areas of uncertainty and potential regulatory interest emerging from the main cases run and undertake appropriate sensitivity studies. 
e) Document any updates to the models. 
f) Report the results of the analysis and the comparison with the equivalent case run by the RP.  The report should include any significant findings, key insights gained during the analysis and recommendations to ONR for further investigations.
Multiple permutations and variations of each transient type should not be planned for (i.e. it is not necessary to repeat every case presented by the RP). A single transient for each transient type should be selected to facilitate a meaningful comparison with an  equivalent analysis in the RP’s safety case. Conditions such as initial power, equipment availability or point in an operating cycle will be the same as those in the selected example of the RP’s analysis. A limited number of sensitivities for each selected transient may be required to explain differences between analyses or to illustrate the potential safety impact of modelling assumptions made by the RP.
The list of faults to consider will be kept under review during Phase 1 and confirmed at the start of Phase 2. 
INPUTS
The following documentation will be available to the contractor, following submission to the ONR by the RP:
	Document 

	PCSR (Public versions available via the RP’s website www.HPR1000.co.uk)

	Pre-Construction Safety Report Chapter 2 General Plant Description

	Pre-Construction Safety Report Chapter 3 Generic Site Characteristics

	Pre-Construction Safety Report Chapter 4 General Safety and Design Principles

	Pre-Construction Safety Report Chapter 5 Reactor Core

	Pre-Construction Safety Report Chapter 6 Reactor Coolant System

	Pre-Construction Safety Report Chapter 7 Safety System

	Pre-Construction Safety Report Chapter 8 Instrumentation and Control

	Pre-Construction Safety Report Chapter 9 Electric Power

	Pre-Construction Safety Report Chapter 10 Auxiliary Systems

	Pre-Construction Safety Report Chapter 11 Steam and Power Conversion System

	Pre-Construction Safety Report Chapter 12 Design Basis Condition

	Pre-Construction Safety Report Chapter 13 Design Extension Conditions and Severe Accident Analysis

	Transient Analysis Reports (relevant RP reports can be supplied to TSC following contract commencement)

	The requesting party has supplied detailed transient analysis for each of the DBCs and DEC-A sequences listed in the PCSR Chapters 12 and 13.

	System Design Manuals (relevant RP reports can be supplied to TSC following contract commencement)

	The requesting party has supplied System Design Manuals for each of the systems described within the PCSR Chapter 7.  These include:

	RCP Reactor Coolant System Design Manual

	RIS Safety Injection System Design Manual

	ARE Main Feedwater Flow Control System Design Manual

	RBS Emergency Boration System Design Manual

	RCV Chemical and Volume Control System Design Manual

	HER Containment Heat Removal System Design Manual

	Supporting Fuel and Core documents

	Fuel Management Report

	Fuel Assembly Mechanical Design

	Fuel Rod Design

	Nuclear Design Basis

	Supporting Instrumentation and Control (I&C) documents

	Basis of Safety Case of Overall I&C architecture

	Diversity analysis between I&C platforms

	ALARP assessment report

	Defence in depth & diversity analysis report

	Isolation analysis of I&C systems 


Note: Additional data necessary for the models preparation will be delivered by the RP upon request (via ONR). In the cases of missing/uncertain details the TSC shall apply justified conservative assumptions based on similar reactor designs.
DELIVERABLES
Phase 1
The contractor shall present a progress update during the midpoint of Phase 1 in the form of a presentation and a short report.  This will present the TSC’s view on the availability and quality of plant data requested from the RP and any early observations on the RP’s analyses to inform ONR’s regulatory judgement at the end of Step 3.  The report should provide additional information in support of the presentation and will need to be complete to an appropriate level of governance.  ONR does not expect to receive a draft or provide comment on this interim report.
At the end of Phase 1 the contractor will provide a final report which contains:
1) the progress of the development of the computer models and a description of the outstanding development work for Phase 2.
2) the results of the initial analyses to demonstrate the capability of the models (including initial and boundary conditions, main assumptions etc).
3) data requirements for further development of the models.
4) initial findings from comparison with the RP’s analyses .
The final report for Phase 1 shall contain full details of the work undertaken, discussion and summary, conclusions and a full reference list. The final report will be provided in draft, in advance of the Phase 1 review meeting before issue.  Draft and final versions of all reports are to be prepared according to the contractor’s quality system.
Phase 2
At the end of Phase 2 the contractor will provide reports which contain:
1) Details of the final UK HPR1000 models developed by the end of the project, building upon but superseding the Phase 1 report. 
2) The results of the analysis of the selected transients (including initial and boundary conditions, main assumptions etc)
3) Findings from comparison with the RP’s analysis, including any significant areas of conservatism, optimism or uncertainty 
4) An overall judgement on the strengths and weaknesses of the RP’s analysis, together with any recommendations to inform ONR’s regulatory judgement
The reports should contain full details of the models and analysis that has been undertaken, discussion and summary, conclusions and a full reference list. A final report with an overall judgement will be provided in draft, to allow for one round of ONR comments, before issue. Draft and final versions of all reports are to be prepared according to the contractor’s quality system.
At the end of Phase 2, the developed models will be supplied to ONR.
TIMESCALES
The work is expected to start and conclude on timescales consistent with the length of steps 3 and 4 of the GDA process.  For the purposes of responding to this specification, the following timescales can be assumed:
· Start of contract 01/04/19
· Phase 1: 01/04/19 until 01/03/20
· Draft report for Phase 1: 01/02/20
· Phase 1 review meeting 01/03/20
· Final report for Phase 1: 01/04/20
· Phase 2: 01/03/20 until 01/03/21
· Draft report for Phase 2: 01/02/21
· Final report for Phase 2: 01/03/21

The dates between the start of the contract and the final report should be considered as indicative.  The key project milestones and delivery dates for the various reports will be agreed and fixed when the contract is awarded. 
MEETING REQUIREMENTS
ONR expects a kick-off meeting to be held between ONR and the Contractor on contract award. This should include an introduction of the Contractor’s team and the codes that will be used to develop the models.   The contractor should also describe the initial information that will be required.  This meeting will take place either at the ONR offices in Bootle, or the contractor offices. 
Brief monthly progress meetings between ONR and the TSC should be assumed for the duration of the contract.  These should be assumed to be by teleconference or videoconference; however they may be face-to-face (if necessary).
During the course of the review there may be the need to attend meetings with the RP. These could be face-to-face at the RP’s offices, either in London or Shenzhen (China) or via videoconference. For planning purposes assume four separate meetings with the RP during the course of the contract; three in the UK and one in the RP’s offices in China.  It is possible that such interactions may be necessary to progress the development of the models, including matters such as clarifying information requests or discussing the RP’s modelling approaches. Importantly the contractor will need to discuss any differences between their own and the RP’s analyses and will need to present the outcomes of their phase 2 work.
ONR expects that there will be a meeting with ONR at the end of Phase 1 for the contractor to present the outputs as described in paragraph 2.8 above.  This meeting will review progress against the specification and confirm the remaining work required during Phase 2.  This meeting will take place either at the ONR offices in Bootle, or the contractor offices. Videoconference facilities are also available if necessary.
ONR expects that there will be a further meeting with ONR at the end of Phase 2 for the contractor to present the output of Phase 2 as described in paragraph 2.10 above. This meeting will take place either at the ONR offices in Bootle, or the contractor offices. Videoconference facilities are also available if necessary.
A close-out meeting will be held upon completion of the contract. This meeting will take place either at the ONR offices in Bootle, or the contractor offices. Videoconference facilities are also available if necessary.

	OBJECTIVES
The objective of this project is to develop and then apply the independent computer models developed to a number of carefully selected fault sequences. 
The aim of the analyses to be undertaken is not to directly support the RP’s safety case.  Rather, it is to assist ONR in coming to a regulatory judgement on the adequacy of the RP’s transient analysis for the reactor design. 

	CONSTRAINTS 
The following constraints will apply:
The work is expected to start and conclude on timescales consistent with the three year length of steps 3 and 4 of the GDA process.
The latest versions of the RP’s safety case documentation on Design Basis Analysis will be provided at the start of the contract.  However, this will not be sufficient to allow the necessary computer models to be developed.  Further information will need to be identified and requested by the Technical Support Contractor through RQs (via ONR). The timescales for this processes are largely outside of ONR’s direct control and therefore delays to the receipt of information may occur. Similarly the quality of any response cannot be guaranteed.  A pragmatic and flexible approach will need to be adopted to deal with this, both technically and contractually.
Any additional transients to be analysed during Phase 2 of the work (in addition to those specified in Section 2.5 b) above) will be agreed following discussion of any findings from Phase 1 and ONR’s ongoing regulatory assessment of the PCSR.  The transients will be confirmed via email.  
It is expected that the successful contractor will also draw upon their experience, resources and publically available information to perform this work.
All information received from the RP will need to be treated in accordance with the ONR Technical Support Contact Framework agreement and non-disclosure agreement. The information or a certificate of destruction will need to be returned to ONR at the end of the contract.
The arrangements for security vetting and IT security established in the Technical Support Contract framework agreement will need to be followed. No information with a security marking above UK OFFICAL - SENSITIVE is anticipated as part of this contract. Most information will carry the RP’s commercial marking. 
The contractor and where applicable, its sub-contractors, will need to provide assurances that it has, or is able to obtain, all necessary export control licenses, where required to transfer relevant information out of the UK and return it.
Any constraints in relation to completing this work should be declared. Where such constraints exist, the contractor should describe how these will be managed. Examples of such constraints, include, but are not limited to, constraints imposed by code developers on the use of their codes or the availability or use of third-party information.
The transmittal of all documents between ONR, the RP and the successful TSC will be through ONR's Joint Programme Office (JPO). This will be through encrypted DVDs, regardless of the security marking (unless the documents are publically available on the internet). 
Any conflict of interest should be declared. Where a potential conflict exists, the contractor should describe how this will be managed.
The aim of this work package is to inform and advise ONR. However, it is ONR’s intention that the TSC will brief the RP on the conclusions of the work. The RP will also be provided with copies of any reports produced for information and will be invited to comment on their factual accuracy. 
It is not ONR’s intention to publish the reports produced through this contract. However, it is likely they will be referenced in publically available reports and therefore subject to freedom of information requests. This should not constrain or limit the produced reports but should be taken into account with the style and format.

	CONTRACT MANAGEMENT
ONR will require to be kept updated about progress and delivery of the required work in accordance with the Framework arrangements. This should include monthly meetings, to include a contract start-up meeting at ONR’s offices at Bootle, or the contractors’ offices.
The scope of Phase 2 will be kept under review during Phase 1, informed by progress, modelling challenges and emerging areas of regulatory interest. At the end of Phase 1, there will be a formal review of the contractor’s progress against the original work specification, and the scope and timescales of Phase 2 will be re-baselined and confirmed (including the final agreed list of transient to consider). A variation to the original contract may be justifiable and necessary but it is expected that the total value and duration of the Phase 2 will be unchanged.   
The TSC should propose appropriate interim milestones during Phase 1 and Phase 2 to allow progress to be monitored and controlled.

	TECHNICAL RESPONSE

	Response
In addition to the generic requirements established in ONR’s Technical Support framework, a proposal in response to this specification is required which:
Clearly addresses all aspects of the specification (including objectives, scope and constraints);
Describes the computer code(s) and methodology the Technical Support Contractor will utilise to deliver the work package;
Describes the fundamental information and data that would be required to initiate work on the models;
Provides a strategy for the development of the models (Phase 1) with appropriate milestones and timescales for performing the various aspects of the contract;
Provide a strategy for undertaking the transient analysis and the management of sensitivity studies performed in agreement with ONR (Phase 2);
Demonstrates a flexible and pragmatic approach to the application of the models to selected transients in Phase 2;
Describes the capability of the developed models at the end of the work package;
Details the experience of the organisation and team members in developing and running thermal hydraulic system codes and reactor physics computer codes;
Identifies the anticipated engagement with ONR, including progress meetings;
Provides an overview of any prior experience with the HPR1000, or similar designs;
Provides a description of proposed deliverables and/or outputs;
Provides an outline of anticipated engagement with ONR and the RP(including project meetings & management);
Clearly details the proposed cost and associated effort assumptions for development of the models, the analysis of the base case transients, the sensitivity studies and any contingencies;
Provides a project delivery plan showing activities and milestones;
Provides a planned invoice schedule;
Details any assumptions or constraints.
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