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FOREWORD    

This is our latest routine quarterly report on the progress of Generic Design Assessment (GDA) of 
the AP1000® and UK EPR™ reactors.  It summarises the progress made to date and it identifies, 
for the first time, all the outstanding GDA Issues based on the completion of our planned 
assessment.  These GDA Issues will be published in full on our website in mid July, and will form 
the totality of the GDA work still to be undertaken. 

We have successfully completed a significant amount of assessment of the generic safety cases 
for the two reactor designs and many aspects have been accepted as adequate.  The GDA Issues 
that remain identify the outstanding matters that we require to be addressed before we could close-
out our assessment and decide whether to provide a Design Acceptance Confirmation (for the 
Office of Nuclear Regulation (ONR)) or Statement of Design Acceptability (Environment Agency).  
There is also a new GDA Issue on both Requesting Parties (RPs) to address the lessons learnt 
from the Fukushima nuclear accident.   

In response to these GDA Issues, both RPs have given a commitment to provide Resolution Plans 
for all of their GDA Issues by the autumn 2011, including for the Fukushima GDA Issue.  We have 
committed to consider the adequacy of these Resolution Plans, and if we judge them to be 
credible, we will publish them and provide an interim Design Acceptance Confirmation (DAC) and 
interim Statement of Design Acceptability (SoDA) by the end of 2011. 

Westinghouse has recently committed to achieving the interim DAC and interim SoDA.  It has 
signalled that its Resolution Plans will not have start dates assigned to them, and it will not proceed 
to address any of the GDA Issues until it is able to secure funding for this work.  This means that 
we are now planning to reduce work on the AP1000 GDA and release our staff onto other work 
within ONR and the Environment Agency. 

Our forward work plan will therefore focus on resolution of the GDA Issues for the UK EPR and the 
timescale for this is largely dependent on the work programmes of EDF and AREVA.  We will 
continue to publish regular reports on our progress with this work. 

We remain confident that GDA is an effective and efficient process for ensuring that safety, 
security and protection of the environment can be assured as the new build programme develops.  
Our identification of issues during GDA demonstrates the robustness of our assessment, our 
independent regulatory role and provides an opportunity for the industry to clear the issues at as 
early a stage as possible, well in advance of construction of new reactors in this country. 

 

If you have comments on any aspect of this report then please send them to us at: 
new.reactor.build@hse.gsi.gov.uk. 

 

 

Kevin Allars Joe McHugh 

Director for Nuclear New Build Head of Radioactive Substances Regulation 

Office for Nuclear Regulation Environment Agency    
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INTRODUCTION 

1 This report summarises the progress the Office for Nuclear Regulation (ONR) and the 
Environment Agency have both made on our assessments of the AP1000™ and UK 
EPR™ reactors.  We have completed a tremendous amount of work in GDA, expending 
nearly 30,000 person days of effort, and ONR has also employed £15M worth of technical 
contract support in the process.  The Requesting Parties (RP) have provided us with over 
7000 documents, we have posed over 3000 formal technical questions, and, just during 
Step 4, we held over 700 technical meetings.     

2 The RPs have worked hard to close-out many of the technical questions we raised.  We 
have not identified any showstoppers and we now are left with a set of GDA Issues that 
need to be addressed before we would provide a Design Acceptance Confirmation (DAC, 
as issued by the ONR) or Statement of Design Acceptability (SoDA, as issued by the 
Environment Agency).  This report identifies all these outstanding GDA Issues and 
provides a link to our website where further details are provided, together with the 
available credible Resolution Plans provided by the Requesting Parties that demonstrate 
how the GDA Issues can be addressed.   

 

IMPACT ON GDA OF THE FUKUSHIMA ACCIDENT ON GDA 

3 Our last quarterly report (http://www.hse.gov.uk/newreactors/reports/gda-q1-11.pdf) 
identified a number of programme changes that have arisen due to the need to take 
account of the lessons learnt from the Fukushima nuclear accident.  Since then, the Chief 
Inspector’s interim lessons learnt report was published on 18 May 2011 
(www.hse.gov.uk/nuclear/fukushima/interim-report.htm), and his final report is planned for 
publication in September 2011.  The interim report is focused on lessons for nuclear 
power plants and hence is appropriate for GDA requesting parties to take account of. 

4 The key impact on GDA is that, as we are waiting for any further extra lessons learnt from 
Fukushima to emerge in the final report, we did not believe it was appropriate to draw 
conclusions from our GDA assessment work in June 2011 as originally planned, nor 
publish our GDA technical assessment reports on that date.  In effect, our assessment is 
being extended to allow us to take account of the recommendations of the Chief 
Inspector’s reports.  We have also introduced an additional GDA Issue for each design to 
take account of the Fukushima lessons learnt work. 

5 In June, both Requesting Parties issued responses to the Chief Inspector’s interim 
lessons learnt report.  These responses will be published, alongside other responses 
from industry, as the Chief Inspector’s lessons learnt work proceeds. 

6 Both regulators remain committed to publishing our Decision Documents and technical 
assessment reports later in 2011, and to update the technical assessment reports as the 
GDA Issues are closed-out and relevant recommendations from the Chief Inspector’s 
reports are addressed. The Environment Agency’s Decision Documents will show how we 
have addressed the responses received during last year’s consultation. 

7 Both RPs have given a commitment to provide Resolution Plans for all of their GDA 
Issues by the autumn 2011, including for the Fukushima GDA Issue.   We have 
committed to consider the adequacy of these Resolution Plans, and if we judge them to 
be credible, we will publish them and provide an interim Design Acceptance Confirmation 
and interim Statement of Design Acceptability by the end of 2011. 
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PROGRESS OVERALL 

8 Despite the need for some of the ONR GDA team to work on our response to the 
Fukushima accident, our intense activity on GDA has continued throughout the quarter.  
Our focus this last quarter has been on finalising our assessments, drafting technical 
reports, reaching agreement with the RPs on the remaining key issues, and reviewing the 
RP proposed Resolution Plans.  In addition, we have been preparing to publish the GDA 
Issues and available Resolution Plans on our joint website.   

9 Our original target was to complete a meaningful GDA assessment of the generic 
submissions in June 2011, at which time we also expected to be able to consider issuing 
an interim Design Acceptance Confirmation (iDAC) and interim Statement of Design 
Acceptability (iSoDA) for both UK EPR and AP1000, together with associated GDA 
Issues.  While there have been some minor delays to our programme, this target has 
largely been achieved as we have completed the assessment work that we had originally 
planned to undertake during Step 4, and we are now publishing the GDA Issues and 
available credible Resolution Plans.   However, for the reasons stated above, we have 
not drawn conclusions about providing an iDAC or iSoDA and we have not published the 
technical reports, as they may need to be revised to take account of any changes that 
might be required to address the Fukushima lessons learnt.  We do however intend to 
publish our Decision Documents and technical assessment reports later in 2011, and we 
have committed to consider the adequacy of all the Resolution Plans, and if we judge 
them to be credible, we will publish them and provide an interim Design Acceptance 
Confirmation and interim Statement of Design Acceptability by the end of 2011. 

10 While our main focus this last quarter has been on closing-out the assessments for both 
designs, there are some key areas where the RPs delivered information towards the end 
of Step 4 and where some additional assessment was undertaken.  We have 
endeavoured to balance the priorities of report writing and continuing assessment in 
these areas.   

11 The interactions with both RPs have continued to be positive and they have responded 
well to the fast pace of work as we have progressed the final stages of our planned 
assessment.  They continued to reply to our technical questions during the last quarter, a 
number have been resolved and others have been taken forward within GDA Issues. 

12 A full topic-by-topic review of our current progress is included within the annexes to this 
report.  This is intended to give a summary of the work done and our main conclusions to-
date in each technical area, together with the associated GDA Issues that remain.  No 
topic areas have yet taken into account the lessons learnt from Fukushima in the work to 
date.  Therefore, as discussed above, a specific GDA Issue has been raised against both 
designs to follow-up within GDA on the lessons learnt that are relevant for new reactors. 

13 In autumn 2010 the Environment Agency completed a consultation on its GDA initial 
findings on environmental and radioactive waste matters.  The responses received can 
be viewed at https://consult.environment-agency.gov.uk/portal/ho/nuclear/gda.  As noted 
above, the Environment Agency is committed to publishing its Decision Documents at the 
earliest opportunity to show how the consultation responses have informed its decision.  
If there are significant changes to either design as a result of the Chief Inspector’s report 
on lessons learnt from Fukushima, and if these changes affect environmental matters, 
then it is possible that a further consultation may be required.  The need for this will be 
considered when appropriate progress has been made in this area.  

14 An essential element of our assessment has been the support work of our technical 
support contractors (TSCs).  In support of our planned assessment work up to the end of 
30 June 2011 ONR had placed 150 support contracts with a value around £15m.  During 
this last quarter most of the planned TSC work has been completed and reported.  
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However, we do plan to continue to use TSCs in some topic areas to support our 
assessment of the responses to the GDA Issues and we are in the process of starting to 
place contracts for this work on the EPR design.  

15 Finally, as GDA is running in parallel with some site specific projects, notably NNB 
Genco’s plan to build twin UK EPRs at Hinkley Point in Somerset, we have had further 
discussions with EDF, AREVA and NNB GenCo about key points from GDA that may 
have an affect on significant contracts for detailed design, procurement and construction 
of the reactors.  Our early identification of emerging issues in GDA allows the industry to 
clear them as early as possible thus helping to ensure safety, security and protection of 
the environment are properly addressed throughout the new build programme. 

 

GDA ISSUES AND RESOLUTION PLANS 

16 The GDA Issues are identified in annexes to this report and are listed in full on our 
website (www.hse.gov.uk/newreactors/step-four-reports.htm).  These GDA Issues have 
arisen from all the work we have completed to date and they have been discussed at 
length with the RPs.  In response, the RPs have provided Resolution Plans that identify 
the details of how they intend to respond to the Issues.  We have reviewed these 
Resolution Plans and discussed them with the RPs and we agree that those now placed 
on our website are credible.  It should be noted however, that these Resolution Plans 
represent only one way of tackling each GDA Issue and the RP may in the end choose 
another equally effective way of responding.  Also, the Resolution Plans in no way 
represent a contract from either regulator to complete assessment of GDA Issues within a 
particular programme, or reach agreement on the matter.   

See GDA website for access to full GDA Issues and Resolution Plans.  We intend to 
update this information as the GDA Issues are progressed and closed-out. 

www.hse.gov.uk/newreactors/step-four-reports.htm 

17 Although there are a number of significant technical issues that remain to be addressed 
for both reactor designs, we remain of the opinion that they are capable of being shown 
to be acceptable in the UK. 

18 In developing our plans for the work beyond June 2011, we have been in discussion with 
the RPs about the options and timescales they might wish to follow.  EDF and AREVA 
intend to progress the work identified in their Resolution Plans to close-out the GDA 
Issues.  Westinghouse has recently committed to achieving the interim DAC and interim 
SODA.  It has signalled that its Resolution Plans will not have start dates assigned to 
them, and it will not proceed to address any of the GDA Issues until it is able to secure 
funding for this work.  This means that we are now planning to reduce work on the 
AP1000 GDA and release staff onto other work within ONR and the Environment Agency.  
We will be looking to further discuss these intentions during the coming months so that 
we can plan ahead for the most effective use of our resources, and those of our TSCs. 

19 Given that Westinghouse has asked us to pause our GDA, the Resolution Plans provided 
in response to our GDA Issues are based on elapsed time rather than containing fixed 
dates.  We consider this is an acceptable position which does not affect the credibility of 
the plans. 

20 We will not consider provision of an interim DAC or interim SoDA until after the Chief 
Inspector’s final report on Fukushima lessons learnt is issued and the RPs have 
considered it and responded.  Nevertheless, we have committed to consider the 
adequacy of all the Resolution Plans, including that for the Fukushima GDA Issue, and if 
we judge them to be credible, we will publish them and provide an interim DAC and 
interim SoDA by the end of 2011. 
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21 It remains clear, however, that no nuclear island safety-related construction will be 

allowed until all of the GDA Issues have been addressed to our satisfaction and a final 
DAC and SoDA have been issued.  By doing this, we are confident that safety, security 
and protection of the environment can be assured throughout the new build construction 
programme. 

 

DESIGN CHANGES, DESIGN REFERENCE AND SCOPE OF GDA 

22 The RPs have proposed a number of design changes to the ‘frozen’ GDA design 
references.  These changes relate to: 

 regulatory questions we raised during GDA 

 their own ongoing development of the designs; and 

 lessons learnt from experience of the ongoing construction of these reactor designs 
in other countries. 

23 We have agreed the principal aspects of the most significant of these changes within 
GDA Step 4.  Others will be incorporated into the designs in future and we have identified 
GDA Issues as a vehicle to progress these changes and for updating the GDA 
submissions accordingly.  

24 Associated with the design reference is an agreed scope for our GDA assessment.  Full 
engineering details of the design could not have been made available at the GDA stage, 
as it is normal to finalise these as part of the procurement and construction programme.  
The scope of what is included within GDA is dependent on the information supplied by 
the RP, although this information needs to be sufficient in scope and detail to underpin 
the generic safety case for the design.  Discussions on scope have not been static during 
GDA but during this last quarter we have been able to reach a final agreement on the 
exact scope with the RPs.  Any areas that are out of scope for GDA will have to be 
addressed at the site specific assessment phase, and these will be clearly identified at 
the time of providing any interim DAC. 

25 It should also be noted that the outcomes of GDA may also have an impact on some 
plant areas that have been out of scope for GDA. For example, the nuclear safety related 
buildings not included in GDA, such as the site-specific cooling water pump houses, will 
still need to take account of the civil engineering construction codes that we have agreed 
in GDA.  Future licensees will need to demonstrate that they have considered this as their 
design and construction plans progress. 

REGULATORY ISSUES 

26 The only remaining Regulatory Issue (RI) during this last quarter was on civil engineering 
of the AP1000.  This RI was raised by ONR in February 2010 and relates to the proposed 
new steel-concrete-steel sandwich construction design for key structures within the 
nuclear island including the shield building.  We requested appropriate evidence to 
demonstrate that the strength and durability of the structures had been adequately 
justified.  Westinghouse has provided evidence on design changes and safety case 
improvements in response to the RI.  Our assessment of these has led us to conclude 
that, while there is still outstanding work to complete, we are satisfied that the key actions 
associated with the RI have been addressed.  The RI has therefore been closed and we 
wrote to the RP in June 2011 to confirm this.  The remaining work required will be 
pursued as a GDA Issue. 

27 Information on RIs can be found at http://www.hse.gov.uk/newreactors/regissues.htm.  
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WORKING WITH OVERSEAS REGULATORS 

28 We have continued to work with overseas regulators, particularly those in the USA, 
France, Finland and China, where the two designs originate from and/or are being 
constructed.  We use these regulatory information exchanges to inform our assessment 
(and theirs), to confirm that we are applying the appropriate international standards and 
to obtain knowledge of other countries assessment and construction experiences.   

29 Recent interactions have included meetings with the US regulator (NRC) on general 
progress on the AP1000 and EPR assessments, and a joint inspection with the French 
regulator (ASN) of EDF and AREVA’s quality assurance arrangements for pressure 
boundary components.  Additionally, we undertook a senior technical visit to the Sanmen 
AP1000 and Taishan EPR construction sites in China and held technical exchanges with 
the Chinese regulator.  At NNB Genco’s invitation we also visited the Japanese 
Steelworks that NNB Genco may use to produce some of the large forgings for Hinkley 
Point, and observed NNB Genco’s audit of production and QA arrangements, together 
with inspection capability.   We have also been involved in several MDEP (Multi National 
Design Evaluation Programme) discussions that cover a number of topics relevant to 
GDA, including an AP1000 meeting that we hosted in ONR offices in Bootle.   

30 Outside of the GDA projects, there have been significant interactions with overseas 
regulators on the development of and follow-up actions to the Fukushima accident.  

 

THE OFFICE FOR NUCLEAR REGULATION  

31 As signalled in the last report, the Office for Nuclear Regulation (ONR) was established 
on 1 April 2011. ONR has been set up as an agency of the Health and Safety Executive 
(HSE), pending planned legislation to establish it as a statutory body. It will bring together 
the relevant nuclear regulatory functions of HSE (through its former Nuclear Directorate 
(ND)) and the Department for Transport.  Establishment of ONR has had no effect on the 
aims, objectives or timescales of GDA: in contrast, it has focussed the resolve of ONR to 
carry out a robust and independent assessment and to ensure that the resources and 
expertise are available to complete that work in a professional and timely manner through 
the New Build Programme in ONR. 

 

MORE INFORMATION ON GDA 

To find out more about Generic Design Assessment (GDA) - visit:  www.hse.gov.uk/newreactors 

To receive the latest news and information on GDA, subscribe to our eBulletin by visiting 
www.hse.gov.uk/newreactors/ebulletin.htm
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Overall GDA Statistics 
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Summary of westinghouse GDA Issues
Summary of Westinghouse GDA Issues 
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Meeting summary during April to June 

Westinghouse:  45 of which 45 were in the UK, and 0 in the USA. 

EDF and AREVA:  48 of which 40 were in the UK, and 8 in France. 

 

 

Regulatory costs charged to RPs to the end of March 2011 

(One quarter behind the rest of this report):  

 

Office for Nuclear Regulation 

Westinghouse: £20.72m 

EDF and AREVA: £20.77m      

 

Environment Agency 

Westinghouse = £2.08m  

EDF and AREVA = £2.04m  

 

 



 

Annex 2 

UK EPR Topic-by-Topic Summary 

 

Preface 

The work described in this topic-by-topic summary was undertaken before the tragic events in 
Japan which led to severe damage at the Fukushima-1 (Fukushima Dai-ichi) plant.  In the UK the 
Secretary of State for Energy and Climate Change has asked the Chief Inspector of the Office for 
Nuclear Regulation to undertake an independent review of the lessons to be learnt from the events 
in Japan.  Until that work has been completed and the impact of it on the UK EPR design is 
evaluated, it is our judgment that no overall conclusions can be drawn on the safety or potential 
environmental impacts of the UK EPR.  To follow this up within GDA, an additional GDA Issue has 
been raised on both Requesting Parties (RPs) to address the lessons learnt from the Fukushima 
nuclear accident.   

 

Internal Hazards 

ONR’s safety assessment within this topic includes hazards such as fire, explosion, flood, dropped 
loads, pressure part failure, and steam release etc. within the reactor buildings. We have 
considered the adequacy of: the identification of hazards; prevention of hazards; and the protective 
barriers, segregation, separation, and active protection systems that are included within the design 
to provide mitigation in the unlikely event that such internal hazards should occur. 

For GDA our assessment included:  

 Dropped loads and impact, high energy line break, internal missile, fire, steam release, 
internal flooding, and internal explosion. 

 Deep slice sampling of the evidence for a number of areas, including, common cause 
failure and hydrogen generation. 

 Progressing matters raised during Step 3. 

 

From our assessment we have drawn the following conclusions:  

 EDF and AREVA have been proactive in addressing observations made within Step 4 of 
the GDA and this has resulted in positive improvements in the design of UKEPR, 
specifically, door control measures for doors performing nuclear safety functions and fire 
modelling.  These are examples that provide confidence and strength in the robustness of 
the safety case for internal hazards.   

 The design of the UK EPR is broadly in line with our expectations in relation to current 
national and international standards, guidance and relevant good practice.  Furthermore a 
great deal of work has been undertaken by EDF and AREVA relating to detailed analysis of 
potential internal hazards which has arisen from a thorough understanding of both the 
safety case and the design. 

 There are a number of areas where further internal hazards substantiation is required in 
order to ensure that the safety case for these specific hazards areas is robust.  These will 
be progressed as GDA Issues. 

 

There are four GDA Issues arising from this topic area related to: 

 Substantiation and analysis of the consequences of dropped loads and impact from lifting 
equipment . 

 Completeness of evidence associated with safety claims on internal missiles, cable 
routing, internal flooding.  

 The basis of the safety case for internal flooding. 
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UK EPR Topic-by-Topic Summary 

 

 Substantiation of the claims made associated with the consequences of missile 
generation arising from failure of pressure boundary components. 

 

Civil Engineering and External Hazards 

ONR’s assessment of civil structures includes consideration of the integrity of structural 
components such as steel-framed buildings, concrete structures such as walls and the 
containment, and the reactor building foundations. 

Our assessment of external hazards includes those natural or man-made hazards that originate 
externally to both the site and the process and over which the operator has little control. External 
hazards include earthquake, aircraft impact, extreme weather, and flooding, and the effects of 
climate change. Terrorist or other malicious acts are also assessed as external hazards. 

For GDA our assessment included:  

 Resolution of matters arising from Step 3. 

 Load Schedule. 

 Safety Classification of structures. 

 Use of Finite Element codes. 

 Use of the design code ETC-C. 

 Containment design. 

 Nuclear Island (NI) Design. 

 Aircraft Shell design. 

 Equipment qualification against hazards 

 Seismic Margins Assessment. 

 Decommissioning. 

 

A number of items have been agreed with EDF and AREVA as being outside the scope of the GDA 
process and hence have not been included in our assessment, for instance, detailed design of 
some of the auxiliary buildings.  These primarily relate to those aspects of the design which cannot 
be undertaken until a site has been chosen. 

We have previously reported that this has been an area of intense activity throughout GDA where 
there have been significant issues identified, primarily due to a combination of late delivery of 
information from EDF and AREVA and lack of clarity in the safety arguments and documentation.  
While further progress has been made in the quarter, this still remains the case in some areas, for 
example on key submissions related to the civil structure design code ETC-C.  From our 
assessment, we have drawn the following conclusions: 

 The treatment of loads arising from hazards, methodologies for equipment qualification 
against hazards, seismic margins assessment, the safety classification of structures, and 
plans for decommissioning are broadly acceptable, although further work will be required 
at the site specific phase. 

 The process of designing the UK EPR nuclear island structures has used a range of 
twenty Finite Element codes and other analysis tools.  These appear suitable for the 
purposes they have been used for, with the exception of the code used for the analysis of 
soil structure interaction, which is not not yet sufficiently justified for softer sites 
experienced in the UK.  This will be progressed as appropriate in the site specific phase. 
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 The use of the ETC-C as a design code has been examined in some detail and it has 
been modified by EDF and AREVA during GDA to address some of our concerns. We 
are now starting to approach convergence, however there remain areas where there is 
not yet sufficient justification.  We have therefore raised three GDA Issues related to the 
use of ETC-C and its reliability. 

 The design of the containment structure has been subjected to considerable scrutiny and 
has generally been found to be satisfactory.  This includes the use of grouted in place 
pre-stressing tendons, which is novel in the UK for nuclear applications.  We do however 
have remaining questions relating to the justification of the beyond design basis capability 
and a GDA Issue has been raised on this topic. 

 The design of the nuclear island structures including the fuel pond has been found 
broadly acceptable although for some parts we have only seen information from the 
Flamanville 3 project and these will undergo substantial re-analysis for application in the 
UK in order to reflect site and operator specific requirements.  There remains a GDA 
Issue on the overall design specifications (which are referred to as ‘hypothesis notes'). 

 The aircraft protection shell design has been examined in some detail, including the 
design of doors and openings in the shell, and a detailed review of the codes and 
standards used.  We are satisfied that it is sufficient to withstand impacts from military 
and commercial aircraft.   

 

In total there are six GDA Issues relating to: 

 The design analysis of the containment.   

 Specification, methodology and hypothesis notes for the NI Structures. 

 Use of ETC-C in the UK. 

 Reliability of ETC-C. 

 Detailed methodologies for the treatment of Soil Structure Interaction and seismic 
analysis. 

 Beyond Design Basis behaviour of the Inner Containment. 

 

Probabilistic Safety Analysis 

Probabilistic Safety Analysis (PSA) is an integrated, structured, logical safety analysis that 
combines engineering and operational features in a consistent overall framework. It is a 
quantitative analysis that provides indications of the overall risk to the public that might result from 
a range of faults (for example, failure of equipment to operate, human errors, or hazards such as 
fires). PSA enables complex interactions, for example between different systems across the 
reactor, to be identified and examined and it provides a logical basis for identifying any relative 
weak points in the proposed reactor system design.  

For GDA our assessment included: 

 Details of the PSA models and data, and the underlying supporting analyses.  

 Conduct of an independent Risk Gap Analysis (RGA).  

 Progressing issues identified during GDA Step 3. 
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From our assessment we have drawn the following conclusions:  

 EDF and AREVA have provided large, modern standards PSA as part of their overall 
GDA submission. 

 The scope of the PSA includes internal faults, internal and external hazards, all operating 
states and reasonable allowances for maintenance and test. It also includes all significant 
sources of radioactivity. 

 The PSA is an adequate representation of the design described in the GDA submissions 
an there is good evidence that the PSA has been used to inform the development of the 
design. 

 The PSA and its results meet our expectations. 

 

There are no GDA Issues, however, some inputs can only be addressed in the site specific phase 
so that the PSA will provide an appropriate tool to support operation of an EPR in the UK.  Also 
there may be a need to review the PSA submission should it be impacted by work undertaken to 
address other GDA Issues. 

 

Fault Studies, Transient Analysis and Severe Accidents 

Fault Studies 

The transient analysis and fault studies are the safety analyses of nuclear reactors on matters such 
as reactor core physics, thermal hydraulics, heat transfer and a wide range of other physical 
phenomena under steady state, transient and fault conditions. Fault analysis involves a detailed 
study of the reactor system, its characteristics and mode of operation, with the aim of identifying 
possible faults that might occur and lead to the release of radioactive material. This is followed by a 
thorough examination of the conditions brought about by those faults. In particular, for those 
conditions that might affect the integrity of the nuclear fuel, the aim is to demonstrate the adequacy 
of the engineered protection systems in preventing a release of radioactive material. 

For GDA our fault studies assessment included:  

 The design basis analyses performed in support of the UK EPR sub-divided into:  

o faults where the integrity of the primary circuit is maintained (such as, loss of feed 
faults, loss of flow faults, and reactivity faults);  

o faults where a break occurs somewhere on the primary circuit (and loss of coolant 
accidents (LOCA)); 

o faults occurring during shutdown conditions; or  

o faults occurring away from the reactor in the spent fuel pool have also been 
considered.   

 The validation of the computer codes which are used to model design basis faults, 
including independent confirmatory analysis undertaken by our technical support 
contractors using alternative computer codes and analysts.   

 

It is has been agreed with EDF and AREVA that it is more appropriate to assess the proposed 
Technical Specifications, the emergency operating procedures and the site specific radiological 
consequence assessments during the site specific phase.  Hence these items are considered as 
being outside the scope of the GDA, but the later work will be based on the GDA assessment.   
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From our fault study assessment we have drawn the following conclusions:  

 EDF and AREVA have undertaken a large amount of analysis work within the Fault 
Studies assessment area during GDA Step 4 and have made very significant progress 
against the issues identified in our GDA Step 3 report. 

 EDF and AREVA have improved the design basis safety case for the UK EPR through 
the additional analysis performed in response to our regulatory challenges.   

 They have performed a large number of additional sensitivity studies and have 
demonstrated that the design is particularly well protected against passive single failures.  
They have also been able to extend the design basis to cover complex situations in which 
a combination of events may occur, although there is still some further work to be done 
by the RP in this area and a GDA Issue has been raised.   

 It is now highly unlikely that there will be a need for any significant changes to plant 
layout or safety systems from addressing the Fault Study GDA issues. 

 EDF and AREVA have proposed a number of important design changes to the reactor 
protection system on the UK EPR that will significantly improve the safety of the design.  
The design changes include: 

o An increase in the automatic partial cooldown rate following a loss of coolant 
accident which has considerably increased the margin of safety for these faults. 

o An improvement to the activity detectors for steam generator tube rupture faults.  

o Addition on one of the diverse reactor protection systems, of a high neutron flux 
trip signal, a high axial offset trip signal, a hot leg high pressure trip signal, a low 
Reactor Coolant Pump speed trip signal. 

o Addition on the diverse reactor protection system of an automatic actuation signal 
for the emergency feedwater system using a low steam generator pressure. 

 

There are five GDA Issues arising from this assessment related to: 

 Heterogeneous boron dilution events.  

 Implementation of modifications to the reactor protection system and provision of further 
analysis to ensure adequate diversity for frequent faults. 

 The spent fuel pool and faults associated with the cask loading pit. 

 Steam generator single tube rupture faults and design changes to the protection for these 
faults. 

 Design basis analysis of failures of essential support systems. 

 

Severe Accidents 

Included within the fault studies area is the topic of severe accident mitigation.  Here ONR is 
looking at safety arguments for challenges to the containment from high pressure or temperature in 
accident conditions and design features that are provided to cope with such things as a molten 
core.  For the UK EPR one of the key features of the safety case is the claimed ability to retain and 
cool the molten core within a core catcher, built into the containment structure underneath the 
reactor pressure vessel.  One of our main lines of investigation is the examination of the key 
uncertainties within the modelling of these complex phenomena and how they are validated.   

For GDA Containment and Severe Accidents assessment included:  
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 Thermal hydraulics challenges to the containment during design basis accident 
conditions. 

 Strategy for severe accident progression management. 

 Key features of the design to mitigate against the consequence of a severe accident. 

 Challenges to the containment hydrogen control and management system. 

 Aspects of validation of the computer codes employed to support the claims within the 
safety submissions. 

 

From our Containment and Severe Accidents assessment we have drawn the following 
conclusions:  

 During the Step 4 assessment, EDF and AREVA have provided additional information 
and supporting analysis to improve their safety case in response to our regulatory 
challenges.  

 Considering the large uncertainties associated with conditions likely to exist during 
severe accidents, an acceptable safety case has been made for the main design features 
of the UK EPR reactor.  

 The maximum predicted design pressures and temperatures do not exceed the design 
limits. 

 An adequate safety case has been provided that the containment design can withstand 
the various thermal hydraulics challenges in design basis accident conditions. 

 There are complex phenomena associated with the thermal hydraulics and chemistry 
associated with core melt progression, configuration, transfer and final stabilisation during 
accident transients. Large uncertainties are associated with predicting this behaviour 
using the current computer codes but the safety submissions provide a reasonable 
understanding of the complex melt processes. 

 The hydrogen management and control system designed to mitigate against the hazards 
of combustible gases released during severe accidents has received a reasonable 
coverage within the safety submission and is the subject of a GDA Issue, reported under 
the Reactor Chemistry topic area. 

 International research is continuing to further improve the understanding of the 
phenomena of core melt progression and molten core concrete interaction.  We note that 
EDF and AREVA have been active in support of these areas and intend to maintain their 
involvement. 

 

There are no GDA Issues in the severe accidents topic area. 

 

Control and Instrumentation (C&I)  

Control systems are typically those that are used to operate the plant under normal conditions and 
reactor protection systems are those safety systems that are used to maintain control of the plant if 
it goes outside normal conditions. ONR’s assessment in this topic area includes reviews of both 
hardware and software aspects of these systems.  

For GDA our assessment included:  

 Arguments and evidence presented in the safety case. 
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 Principle design and implementation standards for all C&I safety and safety related 
systems (i.e. the Systems Important to Safety (SIS)). 

 Key C&I and platforms (e.g. covering the safety Class 1 Protection System (PS), Class 2 
Safety Automation System (SAS) and Class 3 Process Automation System (PAS)). 

 C&I architecture including provision for defence-in-depth, independence and diversity 
(including review of the RP’s responses to the RI). 

 Diversity of those systems contributing to implementation of the highest category safety 
functions (e.g. PS and SAS / PAS). 

 

Our questions on the C&I architecture were significant enough to be raised as a Regulatory Issue 
(RI) in April 2009.  EDF and AREVA‘s response to the RI included safety case improvements and a 
proposal for a non computerised back-up safety system.  By November 2010, we were satisfied 
that, while there was still outstanding work to complete, the majority of the key actions associated 
with the RI had been addressed and we wrote to EDF and AREVA to close the RI.  The remaining 
work was to be pursued as part of the ongoing GDA assessment. 

From our assessment we have drawn the following conclusions:  

 The pre-construction safety report (PCSR) and supporting documentation cover the main 
C&I SIS expected in a modern nuclear reactor. 

 The principle design and implementation standards used by EDF and AREVA for all C&I 
SIS are broadly in accordance with those expected in the nuclear sector. 

 The RP’s safety case for the sampled key C&I SIS and platforms used to implement the 
SIS is broadly in line with our expectations. 

 The significant C&I architecture concerns raised in the RI have been addressed by the 
introduction of a safety Class 2 Non-Computerised Safety System (NCSS), the 
introduction of one way network communication from the Protection System (PS) to lower 
classified systems, Class 1 displays and manual controls, and reduction of reliability 
claims for the computer-based SIS.  

 We do not believe that the classification scheme C&I is fully satisfactory. This will be 
pursued as part of the Cross-cutting GDA Issue on classification of systems, structures 
and components. 

 A significant amount of further work is required in some areas and these have been 
identified as GDA Issues. 

 

There are six GDA Issues that relate to: 

 Revision of the safety case to address the introduction of the NCSS, including the 
demonstration of its diversity from the computer-based safety systems. 

 Finalisation of the PS independent confidence building activities’ scope (covering 
statistical testing, static analysis and compiler validation), and definition of production 
excellence and independent confidence building measures for other SIS. 

 Enhancements to the safety case, in particular, to the presentation of the claims-
arguments-evidence trail (i.e. covering key safety case claims and SAP conformance). 

 An appropriate justification for equipment that incorporates SMART devices (i.e. all the 
equipment that makes use of built-in computer chips and software).  
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 Revision of the SAS / PAS safety case to address obsolescence of the SPPA-T2000 
(Siemens S5 based) platform. 

 Justification of the adequacy of the C&I architecture (ongoing actions related to closure of 
the RI). 

 

Electrical Engineering 

Many of the important systems on a nuclear power station require electrical power for their 
operation (pumps, valves etc). The safety assessment in this topic area typically therefore covers 
the engineering of the essential electrical power supply systems, examines these under a wide 
range of transient and fault conditions, and considers their likely reliability, and the performance of 
protection devices.  

A number of items have been agreed with EDF and AREVA as being out of scope of the GDA 
primarily because they relate to aspects of the design which cannot be undertaken until the site-
specific stage of the work.  It is only then when detailed design, specification and procurement is 
undertaken, including verification of electrical transient analysis, high and low voltage protection, 
grid connections and coordination with grid protection systems. 

For GDA our assessment included:  

 Review of power system protection in the generic UK EPR design. 

 Review of the resilience of the electrical distribution network to the effects of fast transient 
disturbances. 

 Review of Design and Construction Rules to be followed for UK EPR . 

 Study of 3 phase and single phase short circuits on the system. 

 Study of the effects of transient disturbances on the electrical system during motor 
starting and power system fault conditions. 

 Review of earth fault monitoring on the 10kV system. 

 Review of the DC and uninterruptible AC systems. 

 Review of power quality on the distribution system. 

 Review of maintenance philosophy and condition monitoring. 

 Review of earthing and lightning protection.  

 Review of the electrical system design against ONR safety assessment principles 
(SAPs). 

 Impact of grid disturbances. 

 

From our assessment we have drawn the following conclusions:  

 Independent assessment of the EDF and AREVA design, including modelling extremes 
of transient operating conditions, has confirmed the resilience of the design of the 
electrical network to system disturbances due to such events as short circuits or 
overvoltage transients. 

 The structure of the electrical system provides sufficient capacity to meet load 
requirements in all operating modes of grid supply, diesel supply and battery supply. 
Capability is provided in the system to facilitate maintenance of electrical systems whilst 
maximising supply continuity.  Continuity of supply can be maintained in the event of 
unavailability of equipment due to faults. 
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 The protection principles provide a good basis for protecting the electrical system to 
minimise the effects of electrical faults. 

 The Class 1 battery powered systems are designed in a well structured manner 
according to defined and documented processes.  Adequate margins are applied and 
battery rating is based on worst condition of operating temperature and ageing. 

 The basic structure presented for equipment specifications is comprehensive and 
provides a sound basis for specifying requirements during detailed design in the site 
specific phase. 

 Although we have no significant concerns regarding the system integrity, EDF and 
AREVA have to provide the evidence to support their claims.  A GDA Issue has been 
raised for supply of this evidence. 

 The detailed design information for the electrical systems is not available which has 
limited the extent of our assessment. As a result we will need to review our conclusions 
based on the detailed design when it is available in the site specific phase.   

 

During the course of the assessment discussions have taken place with EDF and AREVA on 
subjects arising from the assessment. This has resulted in a number of changes either to the 
design or to perform additional design verification studies. The most significant changes agreed 
have been as follows: 

 Removal of the time delay on the medium voltage circuit breaker operation. This gives 
faster fault clearance times which improve electrical system integrity. 

 Modification of the Safety Classification of electrical systems to bring them in to line with 
other equipment. This provides a standardised approach to safety classification across all 
disciplines.  However, we do not yet fully believe that the classification scheme for 
systems, structures and components (SSCs) in this technical topic area is fully 
satisfactory. This will be pursued as part of the Cross-cutting GDA Issue on SSCs. 

 Incorporation of studies of fast transients, Automatic Voltage Regulator failure, and 
harmonics in the design process to address potential threats to system integrity. 

 

There is one GDA Issue arising from this topic area and this relates to: 

 Substantiation, using a structure of claims, arguments and evidence, that the design of 
the electrical distribution system fully meets its safety role. 

 

Fuel Design 

Within this topic we typically look at the performance of the reactor fuel under a wide range of in-
reactor and storage conditions. 

For GDA our assessment included:  

 Aspects of the fuel and core design that could conceivably lead to impairment of fuel 
cooling. 

 Design criteria which during Step 3 appeared not to meet UK safety objectives or modern 
standards. 

 Areas of the design that introduce novel features. 

 Validation of key computer models. 
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The use of mixed oxide fuel, or reprocessed fuel is out of scope for GDA. 

 

From our assessment we have drawn the following conclusions: 

 Fuel distortion and contamination of the cladding with crud, will not significantly erode 
safety margins. 

 Previously identified shortfalls in safety criteria to prevent fuel clad cracking in power 
transients have been rectified.  

 The reactor control system will be able to mitigate the consequences of more frequent 
faults and avoid over stressing the fuel cladding, independently of the reactor protection 
system.  

 The fuel proposed for loading is a variant of the fuel operating successfully at Sizewell B 
and benefits from experience in existing reactors.   

 Relevant experience indicates that there should not be any significant safety issues as 
the fuel reaches its limiting irradiation. 

 Computer models used for the analysis are generally well documented and substantiated 
by experimental evidence. Our independent calculations give reasonable agreement with 
EDF and AREVA predictions. 

 An acceptable generic case has been made for loading AREVA fuel into the UK EPR 
reactor.  However, ONR will need to assess the additional information that becomes 
available on a site by site basis, including information from research programmes, details 
of specific core load proposals, and the monitoring of irradiated fuel during core reloads. 

 

There are no GDA Issues arising from this topic area. 

 

Reactor Chemistry 

The safety assessment of the chemistry of new nuclear reactors includes the effects of coolant 
chemistry on pressure boundary integrity, fuel and core component integrity, fuel storage in cooling 
ponds, radioactive waste (accumulation, treatment and storage), and radiological doses to 
workers.  

For GDA our assessment included the following:  

 The justification, implications and control of primary coolant chemistry during all modes of 
operation.  This included consideration of nuclear reactivity control using boron, the 
effects of coolant chemistry on the integrity of pressure boundaries, protection of fuel and 
core components and production, transport and deposition of radioactivity, including its 
influence on radiological doses to workers and ultimately to wastes. 

 Features of the design, material choices or chemistry controls which reduce radioactivity 
so far as is reasonably practicable. 

 The main secondary circuit systems which control or are influenced by chemistry.   

 Engineered systems which allow the operator to control, monitor or change the plant 
chemistry. 

 Storage of nuclear fuel within ponds, including the effects of pond chemistry. 

 Systems which mitigate the release of radioactivity to the environment in either the liquid 
or gaseous form.  
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 Design basis and beyond design basis accidents, including the production, release and 
control of hydrogen and fission product nuclides.   

 Arrangements for moving the safety case to an operating regime, including the derivation 
of suitable limits and conditions and the arrangements for specifying plant chemistry.  

 

From our assessment we have drawn the following conclusions:  

 The UK EPR has a number of sophisticated systems that allow the operator to control, 
monitor and change the primary chemistry, including those that are used during 
accidents.  These are derived from, and often improve on, successful systems which are 
in operation in PWRs today. 

 UK EPR uses Passive Autocatalytic Recombiners (PAR) to control and remove 
combustible gases released into the containment during an accident.  Although many of 
our questions have been responded to, there remains several aspects on which we are 
seeking additional information and a GDA Issue has been raised  

 EDF and AREVA propose to use enriched boric acid in EPR for efficiency and this 
requires more active management than natural boric acid. General arrangements for the 
management of boron are satisfactory but we do still have questions regarding boron 
dilution, which are being taken forward in the Fault Studies topic area. 

 The cobalt content of alloys in UK EPR has been reduced significantly in comparison with 
earlier generation reactors. Also, addition of zinc to primary coolant is proposed to help 
control radiation fields and this appears to be justified.  Nevertheless the increased power 
of UK EPR may mean that more radioactive material such as CRUD is produced and we 
have raised a GDA Issue to ask for a demonstration that radiation levels have been 
reduced so far as is reasonably practicable (ALARP).  

 EDF and AREVA are starting to predict levels of tritium which might lead to some 
improvements to their coolant management strategy being needed.  The safety case for 
this will continue to develop during the site specific construction and commissioning 
stages. 

 The core catcher is a complex system comprising a melting pit, a fusible plug, a transfer 
tunnel and a water-cooled spreading area.  We assessed the chemical aspects including 
the extensive testing and calculation by AREVA, by European research institutions and 
elsewhere.  There are uncertainties in the predictions but we are satisfied that the overall 
core stabilisation goal is assured. 

 UK EPR incorporates dedicated systems for the storage, processing and treatment of 
radioactive gaseous and liquid effluents.  We are satisfied with the chemistry aspects of 
these systems. 

 

There are two GDA Issues relating to; 

 Evidence supporting operation of the combustible gas mitigation system 

 Demonstration that radiation levels have been reduced so far as is reasonably 
practicable (ALARP).  
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Radiation Protection 

This topic considers the justification for radiation doses to workers and the public, the adequacy of 
engineering controls (such as radiation shielding), measures to control radioactive contamination, 
and criticality safety. 

For GDA our assessment included:  

 Engineered features that would restrict exposures of workers to ionising radiation so far 
as is reasonably practicable during normal operation. 

 The approach taken to optimise exposures of workers to ionising radiation when carrying 
out high dose work activities.  

 Engineered features would restrict exposures of workers to ionising radiation so far as is 
reasonably practicable during accident conditions. 

 Radiation sources. 

 Designated areas (radiological classification of areas / radiological zoning). 

 Shielding. 

 Contaminated areas. 

 Ventilation. 

 Radiological instrumentation. 

 Decontamination. 

 Optimisation for work activities (including fuel route). 

 Waste handling and decommissioning. 

 Public exposure from direct shine (direct radiation originating from within the site 
boundary). 

 Persons on site during accident conditions. 

 Intervention personnel. 

 Criticality safety for fuel stored outside the reactor core (e.g. in spent fuel ponds). 

 

A number of items have been agreed with EDF and AREVA as being outside the scope of the GDA 
process and hence have not been included our assessment, such as details of operation and 
maintenance practices, which will be assessed at the pre-construction or pre-commissioning 
consent  phase. 

From our assessment we have drawn the following conclusions: 

 The plant and its operations have been designed to ensure that engineered features 
would restrict exposures to workers to ionising radiation so far as is reasonably 
practicable during normal operation. 

 The plant and its operations have been designed to ensure that engineered features 
would restrict exposures to workers to ionising radiation so far as is reasonably 
practicable during accident conditions.  

 The approach to optimising radiation exposures of workers when carrying out high dose 
work activities is adequate. 

 Predicted doses to members of the public are very low. 
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 The criticality safety case for stored new and used fuel is satisfactory. 

 Radiological zoning for restriction of radiation exposure to workers is fundamental to the 
design of the nuclear island, as bulk shielding is provided by concrete and is thus linked 
with civil engineering aspects. The radiological zoning classification scheme underpinned 
by design shielding calculations is not referenced in the GDA for the UK EPR design.  We 
have therefore raised a GDA Issue to address this matter, and we will not be able to 
agree to the finalised foundation design until this GDA Issue is resolved. 

 

There is one GDA Issue in this topic area, related to:  

 Radiological Zoning and Bulk Shielding. 

 

Mechanical Engineering 

This typically includes the safety assessment of essential mechanical items important to safety 
such as pumps, valves, lifting equipment including cranes, fuel handling equipment, ventilation 
systems etc. It also includes the layout and routing of the mechanical equipment and systems to 
ensure that appropriate maintenance regimes can be developed, and that equipment is protected 
from hazards and degradation.  

Much of EDF and AREVA’s GDA submission has been restricted to high level specifications, and 
this has limited the extent of our assessment.  Nevertheless, for GDA our assessment included:  

 Assessment against the safety functions of reactivity control, heat transfer and removal, 
and containment of radioactive substances, associated with mechanical equipment and 
systems.  

 Review of a wide range of mechanical items and systems important to safety, including 
cranes used for nuclear lifting, nuclear ventilation systems, pumps and valves, heat 
exchangers and associated heat transport systems, Control Rod Drive Mechanisms, and 
mechanical handling systems. 

 The Mechanical Engineering design process described by EDF and AREVA and 
examples of detailed design information from other projects such as Flamanville in 
France where an EPR is being constructed. 

 

From our assessment we have drawn the following conclusions:  

 In general the UK EPR has evolved from a good nuclear engineering pedigree, and the 
Mechanical Engineering systems and equipment are well supported by Operational 
Experience Feedback.  

 Information from Factory Acceptance Tests and Site Acceptance Tests, which in general 
form an important suite of evidential information are not generally available within GDA 
since in many cases suppliers have not yet been selected. 

 In response to our assessment, EDF and AREVA have made improvements to the safety 
justification for lifts of nuclear safety significance by identifying preferred load paths, in 
particular for the Reactor Pressure Vessel head lift, and the lift of the Spent Fuel Pool 
Stop Gate. We consider these represent a significant improvement in safety analyses.   

 EDF and AREVA have made improvements to the safety classification of mechanical 
equipment in response to our assessment and this will be further applied to the 
developing design through the Cross-cutting GDA Issues on classification of SSCs.  This 
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will help ensure an appropriate graded approach to safety during design, procurement, 
operation, and maintenance.  

 The Spent Fuel Cask Transfer Facility, used to transfer fuel out of the spent fuel pool 
uses a bottom loading design to avoid the lifting hazard associated with a large cask of 
spent fuel. This introduces the requirement for a complex interface between the spent 
fuel cask and the underside of the fuel loading pit which is connected to the spent fuel 
pool. We have assessed this and are satisfied with the Mechanical Engineering design 
aspects of this feature. 

 The UK EPR diesel engines and systems do not adequately take into account the 
regulation amendment in respect of fuels, Motor Fuel (Composition and Content) 
Regulations 1999. The UK EPR uses diesel engines to provide stand-by power supply 
capability to the Nuclear Power Plant electrical load requirements, which is a standard 
feature of Nuclear Power Plants throughout the world. However, the reliability of the 
engines starting and continuing to operate on demand can be adversely affected by 
changes in fuel composition, and this needs to be adequately accounted for in the diesel 
design and maintenance arrangements.  This will be progressed at the site specific 
stage. 

 

There are no GDA Issues within this topic area. 

 

Structural Integrity 

This topic includes the safety assessment of nuclear safety related metal pressure vessels, piping, 
other components and their supports, including materials selection, design, fabrication, in-
manufacture examination and testing, the analysis of structural integrity under normal load and 
faulted conditions (including fracture mechanics based analyses), and lifetime ageing of materials 
assessment (including neutron irradiation embrittlement). 

For GDA our assessment included the following:  

 A particular focus on components where it is necessary to show that the likelihood of 
gross failure is so low that it can be discounted.  EDF and AREVA have designated these 
as High Integrity Components (HICs). 

 Other aspects of the nuclear safety related metal pressure vessels and piping and other 
pressure boundary components including: 

o categorisation and classification of systems, structures and components; 

o materials selection, design, fabrication; 

o in-manufacture examination and testing; 

o the analysis of structural integrity under normal load and faulted conditions 
(including fracture mechanics based analyses); 

o lifetime ageing of materials (including neutron irradiation embrittlement); and 

o in-service inspection to the extent of ensuring that there is adequate access, but 
noting that detailed in-service inspection proposals have been agreed as being 
outside the scope of GDA. 
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From our assessment we have drawn the following conclusions:  

 EDF and AREVA have designed the EPR pressure vessels and piping against the 
French nuclear design code, RCC-M.  The design requirements set by the RCC-M code 
have been reviewed and are judged to be generally acceptable. 

 There are a small number of critical components for which it is necessary to show that 
the likelihood of gross failure is so low that it can be discounted.  We do not accept that 
the normal code requirements are sufficient to provide this level of confidence and EDF 
and AREVA have accepted the need to make a higher level of demonstration of structural 
integrity, integrating supplementary fracture mechanics analyses, material toughness and 
qualification of manufacturing inspections.  

 EDF and AREVA’s approach to fracture mechanics was found to give some different 
results to the UK approach.  Following our review, EDF and AREVA have developed an 
alternative approach that we are satisfied with, but further detailed assessment of some 
of the fracture mechanics calculations is still required and this is taken forward as part of 
a GDA Issue. 

 We found that EDF and AREVA’s original inspection proposals did not met our 
expectations for certain defect types. A satisfactory position has now been reached for 
the ferritic welds in the main vessels but, the proposals are not yet sufficiently developed 
for the austenitic and dissimilar metal welds in the reactor coolant loop pipework.  This 
has been raised as part of a GDA Issue. 

 Due to the extensive discussions in this topic area, a number of the important reports on 
avoidance of fracture for the HICs arrived later than had been originally planned.  An 
initial review gives confidence in the approach used, but a more detailed assessment is 
required.  A GDA Issue has been created to support this ongoing assessment work and 
to provide additional evidence to justify claims for non-destructive testing (NDT) 
capability.  

 The reactor pressure vessel (RPV) material surveillance samples are placed between the 
reactor core and the reactor pressure vessel where the energy spectrum of the neutrons 
will differ from that seen by the vessel.  We have raised a GDA Issue to justify the 
proposed surveillance scheme. 

 We do not believe that the classification scheme for pressurised mechanical components 
is fully satisfactory. This will be pursued as part of the Cross-cutting GDA Issue on 
classification of systems, structures and components. 

 We do not believe that the consequences of failure of vessels, tanks, pumps and valves 
have been adequately addressed. This will be pursued in the Internal Hazards area as a 
GDA Issue on consequence analysis for failure of pressure boundary components. 

 

There are two GDA Issues in this topic area relating to: 

 The safety case for avoidance of fracture through demonstration of defect tolerance and 
the absence of planar defects in the High Integrity Components (HICs). 

 Justification of the RPV Surveillance Scheme. 

 

Human Factors  

The safety assessment of the human factors (HF) aspects of the UK EPR has been focused on 
ensuring that the human actions that are needed to contribute to safety are feasible.  This is 
complemented by a broader holistic assessment across a range of important HF aspects. 
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For GDA our assessment included the following:  

 Substantiation of human based safety actions – have all operator actions or vulnerability 
to human errors been identified and sufficiently considered for this stage in the overall 
development of the design. 

 Generic Human Reliability Assessment (HRA). 

 Engineering systems’ maintenance reliability from a HF perspective.   

 HF Integration (HFI) into the design and safety case of the UK EPR. 

 Plant wide generic HF assessment to provide a judgement on the adequacy of the overall 
plant design from a HF perspective. 

 

The following items have been agreed with EDF and AREVA as being outside the scope of GDA: 

 Team organisation. 

 Staffing. 

 Operating and maintenance procedures. 

 Use of State Oriented Approach. 

 Display breakdown. 

 Training.  

 

From our assessment we have drawn the following conclusions:  

 An acceptable consideration of the contribution from operator error to the overall plant 
risk has been made at this point in design development.   

 The Human Reliability Assessment (HRA) method used is generally satisfactory, 
although some further work will be required during the site specific phase, particularly for 
low power and shutdown states, in line with the scheduled update of the PSA. 

 Further work will be required on engineering systems maintenance, as the detailed 
design and verification requirements for the UK EPR equipment will have to be 
progressed in the site specific phase, as layout details become clearer. 

 For HF Integration (HFI) there has been an over-reliance on the use of operational 
experience, rather than formal safety analysis, and on design guidance provided to 
engineers.  This will be taken forward in the site specific phase. 

 The general quality of the plant wide generic HF assessment appears to be adequate. 

 EDF and AREVA have not provided an adequate substantiation of the human based 
safety claims.  The main deficiencies are the incompleteness of the identification of 
human based safety actions, and inadequate detailed task analysis to support the 
significant human based safety claims (these are primarily post-fault operator actions).  
As a result, we have identified a GDA Issue on this aspect. 

 

There is one GDA Issue in this topic area:  

 to address both the incompleteness of the identification of human based safety claims 
and provision of proportionate supporting evidence to support those claims. 
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Management of Safety and Quality Assurance (MSQA) 

This topic addresses the EDF and AREVA Quality Assurance and Management of Safety 
organisational and procedural arrangements to deliver the UK EPR GDA submissions.  Where 
possible both regulators have worked together in our dealings with EDF and AREVA in this topic 
area. 

For GDA our assessment included:  

 Management System, including audit and assessment, non-conformance and records 
management. 

 Training and competency of personnel. 

 Audit and Assessment, including non-conformance reporting. 

 QA arrangements for control of design development. 

 QA arrangements for software control supporting design development. 

 QA arrangements for control of design changes. 

 QA arrangements supporting the procurement of GDA services. 

 Configuration control of GDA submission documentation (Safety Case, Design Reference 
and Submission Master List). 

 The QA arrangements for all manufacturing activities have been agreed as being outside 
the scope of GDA and will be addressed during site specific phase. 

 

From our assessment we have concluded that the following:  

 EDF and AREVA have developed and applied suitable quality management system 
(QMS) arrangements to the UK EPR project and these have included adequate project 
controls and suitable execution of audit and assessment activities.   

 In response to our assessment EDF and AREVA took steps to improve the management 
of GDA supplier selection, and non-conformances arising from supplier audits.   

 EDF and AREVA have well established arrangements for the development and 
maintenance of technical competency and have demonstrated adequate competency of 
project personnel involved in the UK EPR project. 

 The UK EPR design was frozen in December 2008 based on Flamanville 3 (FA3) 
reference design configuration.  Design changes arising from FA3, and other changes 
proposed by the RP for inclusion in the UK EPR, and design changes arising from the UK 
regulatory assessment agreed for inclusion into GDA, have been adequately controlled, 
impact assessed and the details successfully incorporated into the relevant GDA 
documentation.  

 Supporting documentation impacted by design changes and any other changes arising 
from GDA resolution plans will not be updated until the end of GDA.  A joint GDA Issue 
has been raised by both regulators to progress this within the Cross-cutting topic area, 
including application of established arrangements for handing over any incomplete 
design changes and for later changes to other supporting documents, and permissioning 
activities and Environmental Permitting. 

 EDF and AREVA have established arrangements for design engineering within their 
respective organisations. However, evidence for the overall controls for design detail has 
been limited and will be assessed further through the GDA Issue on design change 
implementation.   
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 Configuration control of the GDA submission document by EDF and AREVA has been 
good.  The tools used to control the submission, the Submission Master List and PCSR 
Route Map, have been independently reviewed and the completeness and accuracy 
assured. 

 

There is one GDA Issue related to design changes, and this is reported under the Cross-cutting 
topic area.  

 

Radioactive Waste and Spent Fuel Management 

Under this topic, have examined the proposals for the safe minimisation, handling, storage and 
disposal of radioactive waste arising from all parts of the power station, and we review the 
proposals for decommissioning.  Where possible both regulators have worked together in our 
dealings with EDF and AREVA in this topic area. 

The radioactive waste facilities not on the nuclear island will be developed for several years.  So, 
for GDA we need to see sufficient information to give us confidence that these facilities can be 
developed and the spent fuel and waste can be safely stored and then retrieved, transported, and, 
finally, disposed of.   

For GDA our assessment included:  

 Whether the wastes that a UK EPR will produce have been identified in sufficient detail. 

 The suitability of the plans put forward for short-term storage; and conditioning of the 
wastes for long-term storage and eventual disposal. 

 The suitability of the plans for long term storage of Intermediate Level Waste and spent 
fuel to show that this is safe and that the waste will be in a condition that would allow it to 
be transported for disposal. 

 Whether the wastes that a UK EPR will produce are suitable for disposal. 

 The plans outline for decommissioning a UK EPR. 

 The suitability of proposals for knowledge management over the lifetime of the facilities. 

 The ability of EDF and AREVA to produce the Radioactive Waste Management Case for 
the UK EPR, showing the safety proposals from cradle to grave. 

 The EDF and AREVA plan for the development of waste management facilities to show 
that these can be developed in a timely manner. 

 

From our assessment we have concluded that:  

 EDF and AREVA have identified the typical wastes that a UK EPR will produce. 

 EDF and AREVA have developed a robust set of credible waste management processes 
that could be used by a licensee to deal with the wastes produced. 

 EDF and AREVA have worked together with the Nuclear Decommissioning Authority’s 
Radioactive Waste Management Directorate to show that these wastes could be 
disposed of in a Geological Disposal Facility.   

 There is sufficient flexibility within the layout of the Effluent Treatment Building to provide 
safe and environmentally acceptable short term storage options for the wastes. 
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 The wastes are compatible with a range of conditioning processes and there is no reason 
to believe that the resulting products are not suitable for long-term storage and eventual 
disposal. 

 The plans for long term storage of Intermediate Level Waste are similar to those used 
elsewhere in the UK nuclear industry. 

 There is sufficient flexibility in the design of the spent fuel storage facilities to allow a 
licensee to address the needs of the long-term storage requirements so that spent fuel 
remains in a condition that would allow it to be transported for disposal. 

 The plans for decommissioning a UK EPR are to a suitable level to show that this can be 
achieved in a safe and environmentally acceptable way and that the wastes produced are 
suitable for disposal. 

 

There are no GDA Issues arising from this topic area. 

 

Environmental 

Having considered all consultation responses and some additional information received from EDF 
and AREVA, the Environment Agency is largely content that there will be no significant unresolved 
environmental issues for the UK EPR remaining after June 2011, subject to the lessons learnt from 
the Fukushima accident.  However, as ongoing assessment work by ONR after June could impact 
on its conclusions (e.g. in the reactor chemistry area), the Environment Agency’s intention is that 
only Interim SoDAs would be issued until ONR is in a position to consider whether to issue full 
DACs.  This will also ensure that the final DAC and SoDA for the UK EPR will be based on the 
same Design Reference.   

Therefore, the Environment Agency has issued two Cross-cutting GDA Issues on the following 
matters (both are common with Cross-cutting ONR GDA Issues): 

 Implementation of Design Changes, and maintenance and control of the GDA submission 
documentation to include changes arising from Resolution Plans associated with GDA 
Issues, and to deliver updated versions of the key references to any DAC/SoDA the 
regulators may issue at the end of GDA.   

 To respond to the lessons learnt from the Fukushima accident, both from EDF and 
AREVA internal reviews and in response to the ONR lessons learnt report. 

 

Security 

Under this topic we consider whether the security protection provided on the nuclear power station 
is adequate to protect against the theft or sabotage of nuclear materials or associated facilities. 

For GDA our assessment included:  

 Vital Area Identification and the related security measures (physical and electronic). 

 External hazards and how they relate to the security of the facility. 

 Computer based systems important to nuclear safety and the physical security of the 
associated equipment. 

 

From our assessment we have drawn the following conclusions:  

 We are broadly satisfied that the claims, arguments and evidence laid down within the 
Conceptual Security Arrangements present an adequate security case for the generic 
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UK EPR reactor design.  The UK EPR reactor is therefore suitable from a security 
perspective for construction in the UK, although further development will be required by 
future Site Licensees during the site specific phase. 

 

There are no GDA Issues arising from this topic area. 

 

Cross-Cutting Topics 

Certain safety and environmental aspects cut across a number of different technical topic areas 
and so these are managed in a transverse manner. These are discussed in this section. 

For GDA our assessment of Cross-cutting topics included:  

 Design changes. 

 Safety Function (SF) Categorisation and Structures, Systems and Components (SSC) 
Safety Classification.  

 Operating Limits and Conditions and Examination Maintenance Inspection and Testing 
(EMIT). 

 

However, it is recognised that the full application of the Safety Function (SF) Categorisation and 
Safety Classification of Structures, Systems and Components (SSCs) to the UK EPR design 
requires a level of design detail and supplier information that is outside the scope of GDA, as are 
the quality assurance arrangements for the control of design development post GDA, and 
equipment manufacture.   

It has also been agreed that the full development of operational technical specifications and EMIT 
will be the responsibility of future plant operators. 

From our assessment we have drawn the following conclusions:  

 Only design changes which have significant impact on the safety submission  changes to 
address the regulatory concerns raised in our assessment (for example C&I architecture), 
and changes from EDF and AREVA’s own proposals to improve the UK EPR design 
have been agreed for inclusion in GDA.  Other design changes will have to be 
incorporated at a later stage. 

 EDF and AREVA have developed robust arrangements for managing agreed design 
changes within GDA. 

 Generally, EDF and AREVA have submitted sufficient supporting documentation to 
underpin design changes agreed for inclusion in GDA. However, this is not the case for 
those design changes at an early stage of development and further work will be required 
to progress these within GDA.  This requirement will be progressed through a GDA Issue. 

 EDF and AREVA have made significant progress in developing their methodologies and 
criteria for SF categorisation and the classification of SSCs for the UK EPR to meet UK 
and international standards and relevant good practice. 

 Additional work is required within GDA to further apply these methodologies and criteria 
for the categorisation of SF and classification of SSCs throughout the UK EPR GDA 
design, and this requirement is captured by a GDA Issue.  

 EDF and AREVA have provided a GDA safety case for design limits, conditions and 
EMIT requirements for the UK EPR.  The key design limits and conditions and EMIT 
principles provide a sound starting point for a site specific safety case from which future 
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operators can develop and derive operational technical specifications, operating 
constraints and EMIT programmes for a UK EPR.  

 

We have also asked EDF and AREVA  to demonstrate how they will be taking account of the 
lessons learnt from the unprecedented events at Fukushima, including from EDF and AREVA‘s 
internal reviews and from those lessons and recommendations that are identified in the ONR Chief 
Inspector’s interim and final reports. 

 

There are three GDA Issues arising from this topic area related to the following: 

 The requirement for EDF and AREVA to further demonstrate, in some areas that the 
methodology developed and applied for categorising SF and classifying SSCs is in line 
with UK and international standards and relevant good practice.  

 Implementation of Design Changes, and maintenance and control of the GDA submission 
documentation to include changes arising from Resolution Plans associated with GDA 
Issues and to deliver updated versions of the key references to any DAC/SoDA the 
regulators may issue at the end of GDA (a joint GDA Issue with the Environment 
Agency).   

 To respond to the lessons learnt from the Fukushima accident, both from RP internal 
reviews and in response to the ONR lessons learnt report (a joint GDA Issue with the 
Environment Agency). 
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Preface 

The work described in this topic-by-topic summary was undertaken before the tragic events in 
Japan which led to severe damage at the Fukushima-1 (Fukushima Dai-ichi) plant.  In the UK the 
Secretary of State for Energy and Climate Change has asked the Chief Inspector of the Office for 
Nuclear Regulation to undertake an independent review of the lessons to be learnt from the events 
in Japan.  Until that work has been completed and the impact of it on the AP1000 design is 
evaluated, it is our judgment that no overall conclusions can be drawn on the safety or potential 
environmental impacts of the AP1000.  To follow this up within GDA, an additional GDA Issue has 
been raised on both Requesting Parties (RPs) to address the lessons learnt from the Fukushima 
nuclear accident.   

 

Internal Hazards 

ONR’s safety assessment within this topic includes hazards such as fire, explosion, flood, dropped 
loads, pressure part failure, and steam release etc. within the reactor buildings. We have 
considered the adequacy of: the identification of hazards; prevention of hazards; and the protective 
barriers, segregation, separation, and active protection systems that are included within the design 
to provide mitigation in the unlikely event that such internal hazards should occur. 

For GDA our assessment included:  

 Dropped loads and impact, high energy line break, internal missile, fire, steam release, 
internal flooding, and internal explosion. 

 Deep slice sampling of the evidence for a number of areas, including, common cause 
failure part pressure failure, internal explosion and internal missile generation. 

 Progressing matters raised during Step 3. 

 

There have been no items identified as being outside the scope of the GDA process. 

From our assessment we have drawn the following conclusions:  

 There are areas where the safety case presented for internal hazards contains some 
inaccurate and inconsistent information which has resulted in the generation of GDA 
Issues.  In all such areas, Westinghouse has understood our concerns and believes that 
they are largely attributable to the differing regulatory approaches between the US and 
the UK.   

 Notwithstanding the GDA Issues raised within our assessment, we believe that the 
AP1000 layout in respect to internal hazards is clear and logical, and one which has been 
developed through appropriate consideration of standards, guidance, and relevant good 
practice.   

 Throughout Step 4, Westinghouse has adopted a reactive approach to addressing the 
shortfalls.  This led to documentation being produced in response to assessment 
concerns, and this documentation being supplied in parallel with the assessment.  This 
may also explain some of the inconsistency we have identified within the December 2009 
PCSR documentation of the internal hazards safety case. 

 The quality of the information provided coupled with the technical exchanges that have 
taken place during Step 4 has improved significantly from Step 3.  Westinghouse has a 
far clearer understanding of the UK regulatory regime as well as of the approach taken to 
safety case production for internal hazards. 
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There are six GDA Issues in this topic area, related to: 

 Substantiation of the barriers in place to prevent fire spread affecting more than one train 
or division and the need to substantiate fire damper provision.   

 Provision of a revised safety case for internal flooding. 

 Identification and substantiation all nuclear significant pipe whip restraints, barriers and 
shields claimed for the protection of redundant trains against the effects of pressure part 
failure.   

 Provision of substantiation to support claims and arguments made within the area of 
internal explosion, specifically associated with hydrogen generation within battery rooms 
and the distribution of hydrogen within areas containing safety equipment. 

 Identification and substantiation of the claims, arguments and evidence that constitute the 
internal missile aspects of the internal hazards safety case. 

 Substantiation including supporting analyses of the consequences of dropped loads and 
impact from lifting equipment included within the AP1000 design. 

 

Civil Engineering 

ONR’s assessment of civil structures includes consideration of the integrity of structural 
components such as the nuclear island foundations, concrete structures such as the shield building 
and operational buildings, and steel structures such as steel-framed buildings, 

Our assessment of external hazards includes those natural or man-made hazards that originate 
externally to both the site and the process and over which the operator has little control. External 
hazards include earthquake, aircraft impact, extreme weather, and flooding, and the effects of 
climate change. Terrorist or other malicious acts are also assessed as external hazards. 

For GDA our assessment included:  

 The design and construction of the novel, steel-concrete-steel composite sandwich, 
modular construction proposed for the enhanced shield building circular wall, and other 
civil structural modules (known as CA Modules), and for the spent fuel pool area of the 
auxiliary building, including the response to the Regulatory Issue (RI) on this topic.   

 Metrication of the AP1000 design when used in the UK. 

 Materials used in the AP1000 design and their applicability in the UK. 

 Safety categorisation and classification of civil structures. 

 External Hazards claims and dependencies.  

 Potential impacts to structures from aircraft or malicious activity.   

 The development of the load schedule to be applied to civil structures resulting from 
external hazards. 

 The seismic design methodology and finite element modelling used. 

 The application of design and construction codes and standards and industry good 
practice. 

 Deep sample review for a number of structures, including certain parts of the Auxiliary 
Building, the shield building roof, nuclear island foundation slab, spent fuel pool and in-
containment CA Modules. 

 Control of design quality with respect to Westinghouse’s use of sub-consultants or 
“design partners”; how they are instructed and how their work is checked and approved. 
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 Since the Radwaste Building layout is to be reviewed following re-appraisal of the space 
required within it, civil engineering assessment of the structure has been agreed with 
Westinghouse as being outside the scope of the GDA process.   

 

From our assessment we have drawn the following conclusions:  

 The safety categorisation and classification of civil structures within scope were found to 
be acceptable.   

 The final schedule of external hazards agreed for AP1000 is considered acceptable. 

 We are satisfied that the designs of enhanced shield building and auxiliary building are 
robust to aircraft impact.   

 The Load Schedule and its application were found to be generally acceptable.  However, 
this may be affected by the resolution of GDA Issues raised under Internal Hazards.   

 The seismic design methodology used is only applicable to hard sites and is not 
applicable to soft and medium soil sites that may be considered for sites in the UK.  This 
would need further justification for each site chosen when the site specific seismic 
spectrum is available. This will need to include the interaction between the nuclear island 
and adjacent structures. 

 The finite element models used for the analyses were satisfactory.   

 In response to the RI on the enhanced shield building and CA Modules, Westinghouse 
has proposed some design changes and has undertaken further analysis and testing.  
While there are outstanding actions to complete, we are satisfied that the majority of the 
key actions associated with the RI have been addressed and we wrote to the RP in June 
2011 to confirm that the RI was closed.  The remaining work will be pursued as a GDA 
Issue. 

 The basic structures of the shield building wall and CA modules are likely to be more than 
adequate for the actual loads they need to resist.  Although there is currently no 
recognised international standard for the design of these types of composite construction, 
we consider that Westinghouse will be able to substantiate the design to our 
expectations, provided the further information within the GDA Issues is completed 
satisfactorily.  

 The AP1000 generic design is all based on imperial units.  Westinghouse plan to provide 
construction information to suppliers for UK plants in metric, converted from the original 
imperial values.  This is called quasi-metric.  Westinghouse’s intent is that structural steel 
rolled sections will be made in the UK using American sizes, and that imperial bolts and 
steel plates will be used for on site construction.  This relies on appropriate controls being 
employed, rather than designing out the potential for on site errors and so we believe that 
this approach is not good practice.  We are seeking further clarification and firmer 
specifications under a joint GDA Issue with the Mechanical Engineering topic area. 

 Westinghouse intends that all materials (steel and concrete) used in the AP1000 generic 
design are to US standards.  In reality we expect that substitution of US materials for 
European may be proposed by suppliers, particularly bulk materials like concrete, and so 
any substitution will require robust control via Westinghouse procedures. Structural steel 
is an international commodity and there should not be much difficulty in sourcing material 
to US standards in the UK, although additional specification will be required on aspects 
such as ductility.  Reinforcing bar is likely to remain to US standards since if European 
reinforcing bars were to be substituted, this would have a major effect on the design.  
Further justification for Westinghouse’s approach will be sought under a GDA Issue. 
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 Westinghouse uses a number of US Codes and Standards that have now been 
superseded.  It has carried out a study of the differences between the superseded codes 
they have used and the current versions and has shown that the AP1000 design codes 
are adequate.  This study will need to be keep up to date as and when new codes are 
published. 

 ONR expects spent fuel pools to have defence in depth against possible leaks through 
the structure. This means having multiple barriers to give redundancy. The AP1000 has a 
primary liner with a leak detection system. Secondary containment is provided by the 
structure itself, but there is no independent means of leak detection. This will be 
progressed as a GDA Issue. 

There are four GDA Issues in this topic area related to:   

 Justification of novel form of structure for the steel/concrete composite walls and floors 
known as CA modules. 

 Further justification of novel form of structure for the steel/concrete composite wall to the 
enhanced shield building. 

 Materials – AP1000 material standards and material specifications. 

 Fuel handling area – secondary containment leak detection and collection system for 
Spent Fuel Pool. 

 

Probabilistic Safety Analysis 

Probabilistic Safety Analysis (PSA) is an integrated, structured, logical safety analysis that 
combines engineering and operational features in a consistent overall framework. It is a 
quantitative analysis that provides measures of the overall risk to the public that might result from a 
range of faults (for example, failure of equipment to operate, human errors, or hazards such as 
fires). PSA enables complex interactions, for example between different systems across the 
reactor, to be identified and examined and it provides a logical basis for identifying any relative 
weak points in the proposed reactor system design.  

For GDA our assessment included:  

 Details of the PSA models and data, and the underlying supporting analyses.  

 Conduct of an independent Risk Gap Analysis (RGA).  

 Progressing issues identified during GDA Step 3. 

 

From our assessment we have drawn the following conclusions:  

 The AP1000 PSA constitutes a Level 1 and 2 PSA and a simplified Level 3 PSA.  The 
scope includes consideration of internal initiated events and internal hazards and 
includes low power and shutdown operating states.  Westinghouse submitted a separate 
PSA for the Spent Fuel Pool.  In general, the methods and data used in the PSA are well 
known, although not always up-to-date or aligned with the latest international good 
practices.   

 The PSA is not a complete, or up to date, evaluation and is overly reliant on analysis 
done some time ago for the AP600 design without sufficient evidence of applicability to 
AP1000. 

 Our independent RGA concluded that risk of fuel damage and radioactive release for the 
AP1000 are likely to be higher than Westinghouse estimates, but are lower than those 
figures for currently operating PWRs.   
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 The AP1000 PSA needs substantial improvements to meet modern standards; it does not 
allow a complete and reliable comparison against the numerical targets of our SAPs nor 
an effective ALARP evaluation.  However, as the results of the RGA have suggested that 
the risk of this reactor appears to be low in comparison with currently operating reactors, 
it should be acceptable for construction in the UK.  

 The AP1000 PSA is not adequately supported by a design specific thermal hydraulic 
analysis that clearly identifies success criteria for fault sequences.  This will be 
progressed as a GDA Issue. 

 AP1000 fire risk evaluation is not up-to-date or complete and there is therefore 
uncertainty in the overall plant risk from fires.  A modern-standards fire PSA should 
therefore be developed and this will be progressed as a GDA Issue. 

 A number of findings were identified in all of the technical areas of the PSA and these will 
be carried forward as normal regulatory business.  Also, a number of potentially important 
risk gaps will depend on matters beyond the generic design.  So, a site-specific PSA will 
be required for each site, including a complete and updated Level 1, 2 and 3 PSA (Fuel 
Pool, Reactor at Power, Low Power and Shutdown, Internal Events and Internal and 
External Hazards).  This should be accompanied by an ALARP evaluation and a 
demonstration that no further improvements to reduce the risk are reasonably 
practicable.  This will be progressed in the site specific phase of any future AP1000 
construction project. 

 

There are two GDA Issues in this topic area related to provision of:  

 PSA Success Criteria that are supported by AP1000 specific thermal-hydraulic analysis. 

 A specific PSA to justify the plant risk from fires. 

 

Fault Studies, Transient Analysis and Severe Accidents 

Fault Studies 

The transient analysis and fault studies are the safety analyses of nuclear reactors on matters such 
as reactor core physics, thermal hydraulics, heat transfer and a wide range of other physical 
phenomena under steady state, transient and fault conditions. Fault analysis involves a detailed 
study of the reactor system, its characteristics and mode of operation, with the aim of identifying 
possible faults that might occur and lead to the release of radioactive material. This is followed by a 
thorough examination of the conditions brought about by those faults. In particular, for those 
conditions that might affect the integrity of the nuclear fuel, the aim is to demonstrate the adequacy 
of the engineered protection systems in preventing a release of radioactive material. 

For GDA our fault studies assessment included:  

 The design basis analyses performed in support of the AP1000 sub-divided into:  

o fault areas covering faults where the integrity of the primary circuit is maintained 
(such as, loss of feed faults, loss of flow faults, and reactivity faults);  

o faults where a break occurs somewhere on the primary circuit (and loss of coolant 
accidents (LOCA));  

o faults occurring during shutdown conditions; or  

o faults occurring away from the reactor in the spent fuel pool have also been 
considered.   
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 The validation of the computer codes which are used to model design basis faults, 
including independent confirmatory analysis undertaken by our from technical support 
contractors using alternative computer codes and analysts.   

It is has been agreed with Westinghouse that it is more appropriate to assess the proposed 
Technical Specifications, the emergency operating procedures and the site specific radiological 
consequence assessments during the site specific phase.  Hence these items are considered as 
being outside the scope of the GDA   

 

From our assessment we have drawn the following conclusions:  

 Westinghouse has improved the design basis safety case for the AP1000 through the 
additional analysis performed in response to our regulatory challenges.   

 Westinghouse has been able to extend the design basis to demonstrate that the design is 
tolerant to passive single failures at the functional level.  They have also extended the 
design basis to cover complex situations in which a combination of events may occur, 
although this is an area where there is further work still to be done in this area and this 
will be progressed via GDA Issues. 

 Westinghouse has proposed a number of important design changes to the reactor 
protection system on the AP1000 that will significantly improve the safety of the design.  
The design changes include: 

o an upgrading of a number of active systems to Class 2 safety standards, 
including: the start-up feedwater system, the component cooling water system, 
the service water system, and the diesel generators.  For example, the two train 
separation of the normal residual heat removal system has been increased  while 
the diverse actuation system has been upgraded from a 1-out-of-2 system to 
dual-1-out-of-2 system with elements of the architecture 2-out-of-3; 

o modification to improve protection against a steam generator tube rupture (SGTR) 
fault; 

o implementation of additional reactor trip signals; 

o modification to reduce the risk of spurious operation of valves leading to 
depressurisation of the primary circuit; and 

o improvements in the design of the spent fuel pool. 

 

There are eight GDA Issues in this topic area related to:  

 Demonstration of alignment of all design basis faults and related core design limits with 
the agreed GDA design reference.   

 The safety case for the spent fuel pool incorporating the identified design changes.  

 Further analysis to ensure adequate provision of functional diversity for frequent faults. 

 The reasonably practicability of providing additional alarms and protection based upon in-
core instrumentation. 

 Potential enhancements to the diverse safety injection system. 

 Evidence that the In-containment Re-fueling Water Storage Tank (IRWST) is functionally 
capable of cooling the passive residual heat removal (PRHR) system during intact circuit 
faults for 72 hours. 

 Improvements to the submitted safety case for shutdown faults. 
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 The safety case for the spurious depressurisation blocking device. 

 The acceptability of the AP1000 Fault Schedule: a summary of the design basis safety 
case in tabular form. 

 

Severe Accidents 

Included within the fault studies area is the topic of severe accident mitigation.  Here ONR is 
looking at safety arguments for challenges to the containment from high pressure or temperature in 
accident conditions and design features that are provided to cope with such things as a molten 
core.  For the AP1000 one of the key features of the safety case is the claimed ability of the reactor 
pressure vessel to retain and cool the molten core.  One of our main lines of investigation is the 
examination of the key uncertainties with the modelling of these complex phenomena and how 
they are validated.   

For GDA our Containment and Severe Accidents assessment included:  

 Thermal hydraulics challenges to the containment during design basis accident 
conditions. 

 Operation of the Passive Containment Cooling System (PCS) during normal operation 
and fault conditions. 

 Strategy for severe accident progression management. 

 Key features of the design to mitigate against the consequence of a severe accident, 
such as In-Vessel Retention (IVR) of the molten material and long term cooling of debris 
within the RPV lower head. 

 Independent confirmatory analysis to examine the claims for the maximum pressures and 
temperatures within the containment environment during accidents. 

 Challenges to the containment hydrogen control and management system. 

 Aspects of validation of the computer codes employed to support the claims within the 
safety submissions.  

 

From our assessment we have drawn the following conclusions:  

 During the Step 4 assessment, Westinghouse has provided additional information and 
supporting analysis to improve its safety case in response to our regulatory challenges.  

 Considering the large uncertainties associated with conditions likely to exist during these 
accident conditions, an acceptable safety case has been made for the design features of 
the AP1000 reactor.   

 The AP1000 is designed to prevent the failure of RPV lower head, and hence retain the 
resulting molten material within this volume.  This concept is referred to as In-Vessel 
Retention (IVR), and is achieved by cooling the RPV through introduction of passive 
cooling water into the reactor cavity cooling annulus from the In-containment Refuelling 
Water Storage Tank (IRWST).  Although there are large uncertainties in this complex 
analysis we are satisfied from our confirmatory analyses that for the predicted decay heat 
levels, IVR appears to be successful.  We would expect further bounding analysis to be 
performed at the site specific stage to provide further confidence in the IVR concept.   

 The hydrogen management system is judged to be acceptable subject to the successful 
completion of the Reactor Chemistry GDA Issue related to this topic. 

 Our assessment has largely supported the claims made for the effectiveness of the 
Passive Containment cooling System (PCS) during normal operations, and performance 
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of the water cooling of the containment during the accident conditions. Remaining 
uncertainties in this area are: 

o condensate formation, collection and return to the IRWST during accidents and 
this will be progressed by a GDA Issue raised under the Fault Studies topic; and  

o fission products release rate and timing into the containment is the subject of a 
joint GDA Issue.  This is reported under the Reactor Chemistry topic area. 

 International research is continuing to further improve the understanding of the 
phenomena of core melt progression and molten core concrete interaction.  We note that 
Westinghouse has been active in support of these areas and intends to maintain its 
involvement. 

 

There are no GDA Issues in this severe accident topic area.  

 

Control & Instrumentation 

Control systems are typically those that are used to operate the plant under normal conditions and 
reactor protection systems are those safety systems that are used to maintain control of the plant if 
it goes outside normal conditions. ONR’s assessment in this topic area includes reviews of both 
hardware and software aspects of these systems.  

For GDA our assessment included:  

 Arguments and evidence presented in the safety case. 

 Main design and implementation standards for all C&I safety and safety related 
equipment (i.e. the systems important to safety (SIS)). 

 Westinghouse’s safety case for selected key C&I SIS and platforms used to implement 
the systems (e.g. covering the safety Class 1 Protection and safety Monitoring System 
(PMS) and safety Class 2 Diverse Actuation System (DAS)). 

 C&I architecture including provision for defence in depth, independence and diversity. 

 Diversity of those systems contributing to implementation of the highest category safety 
functions (i.e. the PMS and DAS). 

 

From our assessment we have drawn the following conclusions:  

 The PCSR and supporting documentation cover the main C&I SIS expected in a modern 
nuclear reactor. 

 Based on review of the standards implemented by Westinghouse for the selected key 
C&I SIS and Westinghouse’s standards conformance submission, the C&I standards are 
broadly in accordance with those expected in the nuclear sector. 

 Westinghouse’s safety cases for the PMS and DAS are in general accordance with our 
expectations (noting that further implementation detail needs to be added to the safety 
cases following design completion). 

 The overall C&I architecture is generally in accordance with expectations. 
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There are ten GDA Issues in this topic area which Westinghouse has consolidated into eight 
resolution plans related to the following:  

 Lack of design and safety case information for the Diverse Actuation System, including 
for the operating and maintenance philosophy, and substantiation for the significant 
changes made to the DAS architecture (i.e. from two-out-of-two actuation voting to two-
out-of-three/one- out-of-two twice) to significantly improve fault tolerance and availability 
during plant operation. 

 Change of DAS technology from being based on complex Field Programmable Gate 
Arrays (FPGAs) to conventional electronics in order to address a major concern on DAS 
and PMS / Component Interface Module (CIM) diversity.  ONR has agreed to the 
principle of using conventional electronics and this GDA Issue covers the implementation 
of the more detailed design of this important system. 

 Additional demonstration of diversity between the primary and diverse protection systems 
(PMS / DAS and PLS / DAS) which needs to be undertaken as a consequence of the 
DAS technology change. 

 Provision of equipment to reduce the frequency of spurious Automatic Depressurisation 
System (ADS) operation to lead to reactor depressurisation. 

 Fully defining the approach to the justification of SMART devices (based on computer 
technology). 

 Enhancements to the safety cases for the PMS, safety Class 1 CIM and the DAS. 

 Provision of improved safety cases for the safety related Class 2 / 3 Distributed Control 
and Information System (DCIS) and Ovation platform. 

 Provision of safety Class 1 displays and controls outside of the Main Control Room (i.e. in 
a Remote Shutdown Station). 

 

Electrical Engineering 

Many of the important systems on a nuclear power station require electrical power for their 
operation (pumps, valves etc). The safety assessment in this topic area typically therefore covers 
the engineering of the essential electrical power supply systems, examines these under a wide 
range of transient and fault conditions, and considers their likely reliability, and the performance of 
protection devices.  

For GDA our assessment included:  

 Review of power system protection in the generic UK AP1000 design. 

 Review of the resilience of the electrical distribution network to the effects of fast transient 
disturbances. 

 Study of three phase and single phase short circuits on the system. 

 Study of the effects of transient disturbances on the electrical system during motor 
starting and power system fault conditions. 

 Review of the DC and uninterruptible AC systems. 

 Review of power quality on the distribution system. 

 Review of maintenance philosophy and condition monitoring. 

 Review of earthing and lightning protection. 

 Review of the Codes and Standards to be used for UK AP1000. 
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 Protection against Voltage Transients. 

 Review of the electrical system design against ONR SAPs. 

 Impact of grid disturbances. 

 

From our assessment we have drawn the following conclusions:  

 The presentation of claims, arguments and evidence for the electrical system architecture 
in the safety case is not adequate.  There also needs to be a demonstration that 
maintenance will not threaten continuity of supply.  This will be progressed by a GDA 
Issue. 

 Independent assessments of the Westinghouse design by modelling extremes of 
transient operating conditions has confirmed the resilience of the design of the electrical 
network to system disturbances due to such events as short circuits and overvoltage 
transients. 

 The structure of the electrical system provides sufficient capacity to meet load 
requirements in all operating modes of grid supply, diesel supply and battery supply when 
all parts of the electrical system are available and in operation.  

 The principles proposed in the protection philosophy provide a good basis for protecting 
the electrical system to minimise the effects of electrical faults. 

 The Class 1and Class 2 battery powered systems are designed in a well structured 
manner according to defined and documented processes.  Adequate margins are applied 
and battery rating is based on worst condition of operating temperature and ageing. 

 Westinghouse has presented comprehensive proposals to apply IEC Standards to the 
design of the AP1000 electrical system as part of implementing the adaptation of the 
design from an operating frequency of 60Hz to 50Hz. 

 The detailed design information for the electrical systems is not available which has 
limited the extent of our assessment. As a result we will need to assess the detailed 
design when it is available. This will progressed during the site specific phase.  This will 
need to include: incorporation of studies of fast transients and Automatic Voltage 
Regulator (AVR) failure, performing harmonic assessment during detail design, 
incorporation of IEC Standard 50Hz equipment, adoption of UK Safety Classifications in 
the design of the plant electrical distribution system. 

 

 There is one GDA Issue in this topic area related to:  

 The presentation of claims, arguments and evidence for the electrical system architecture 
in the safety case. 

 

Fuel Design 

Within this topic we typically look at the performance of the reactor fuel under a wide range of 
reactor and storage conditions. 

For GDA our assessment included:  

 Aspects of the fuel and core design that could conceivably lead to impairment of fuel 
cooling. 

 Design criteria which during Step 3 appeared not to meet UK safety objectives or modern 
standards. 
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 Areas of the design that introduce novel features. 

 Validation of key computer models. 

 The use of mixed oxide fuel, or reprocessed fuel is out of scope for GDA. 

 

From our assessment we have drawn the following conclusions:  

 The fuel design for AP1000 is a development of existing Westinghouse products and 
appears to have benefited from a successful programme to improve the performance and 
reliability of the fuel.   

 Additional information Westinghouse provided to us during GDA has shown that the 
approach to qualifying new aspects of the design appears to be systematic and 
reasonable. 

 Westinghouse has enhanced core diagnostic capabilities by addition of in-core 
instrumentation.  However, some aspects of its use require further justification. 

 Westinghouse is continuing to make progress in its analysis methods and in minimising 
the potential for degradation of the fuel condition during use. 

 As a result of the GDA process, measures have been taken to improve the protection of 
the fuel cladding against cracking during faults. Moreover, additional safety constraints 
and improved analysis techniques have been developed. 

 More detailed analysis of fuel damage has shown that even with the temperatures 
experienced in the worst credible loss-of-coolant accident, a coolable geometry is likely. 

 An acceptable generic case has been made for loading Westinghouse fuel into AP1000.  
A number of core loading pattern strategies have been considered, but a selection will 
need to be made by the licensee during the site specific phase and this will need to be 
analysed and justified.  

 Research and development including fuel examination and testing is ongoing and should 
provide additional data to underwrite the justification for assembly distortion, crud, and 
the dry storage of spent fuel.  This will need to be reviewed during the site specific phase. 

 

There are three GDA Issues in this topic area relating to: 

 Safety justification for modelling of fuel pin performance, with particular reference to the 
modelling of fuel pellet temperatures. 

 Forces on reactor internals in the event of a large depressurisation fault. 

 The effect of any potential malfunction of the BEACON software system. 

 

Reactor Chemistry 

The safety assessment of the chemistry of new nuclear reactors includes the effects of coolant 
chemistry on pressure boundary integrity, fuel and core component integrity, fuel storage in cooling 
ponds, radioactive waste (accumulation, treatment and storage), and radiological doses to 
workers.  

For GDA our assessment included the following:  

 The justification, implications and control of primary coolant chemistry during all modes of 
operation.  This included consideration of nuclear reactivity control using boron, the 
effects of coolant chemistry on the integrity of pressure boundaries, protection of fuel and 
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core components and production, transport and deposition of radioactivity, including its 
influence on radiological doses to workers and ultimately to wastes. 

 Features of the design, material choices or chemistry controls which reduce radioactivity 
so far as is reasonably practicable. 

 The main secondary circuit systems which control or are influenced by chemistry.   

 Engineered systems which allow the operator to control, monitor or change the plant 
chemistry. 

 Storage of nuclear fuel within ponds, including the effects of pond chemistry. 

 Systems which mitigate the release of radioactivity to the environment in either the liquid 
or gaseous form.  

 Design basis and beyond design basis accidents, including the production, release and 
control of hydrogen and fission product nuclides.   

 Arrangements for moving the safety case to an operating regime, including the derivation 
of suitable limits and conditions and the arrangements for specifying plant chemistry.  

 

From our assessment we have drawn the following conclusions:  

 Westinghouse do not specify the operational chemistry regimes or limits and conditions 
related chemistry for AP1000, referring instead to industry guidance.  As such 
Westinghouse is not able to make ALARP claims for the plant chemistry and this will be 
required as the safety case for a UK AP1000 develops.  The lack of limits and conditions 
will be progressed as part of a Cross-cutting GDA Issue. 

 AP1000 uses natural boric acid, without the capability to recycle the effluent.  This 
simplifies the boron management of the plant, removes many components and simplifies 
concerns regarding accumulation of radioactivity and contamination.  The case presented 
for managing boron in the primary circuit, including the potential for inadvertent dilution, 
appears reasonable.   

 Westinghouse has provided assurance that the cobalt (a significant radiation source) 
content of alloys in AP1000 has been reduced significantly.  Cobalt reduction should be 
kept under review during the site specific phase as equipment suppliers may vary from 
site to site. Our independent calculations show that AP1000 may produce more of the 
cobalt isotopes than PWRs with similar power outputs.  This means that AP1000 may 
need controls to assure radioactivity will be ALARP.   

 Westinghouse proposes addition of zinc to primary coolant to help control radiation fields.  
It was less clear what the effect of zinc on fuel crud would be but Westinghouse provided 
additional evidence from which we conclude that waste generation will be no worse with 
zinc and radiation should be lower.   

 The major chemistry systems that allow the operator to control, monitor and change the 
primary chemistry, including those that are used during accidents, have been simplified 
and made passive, in line with the overall plant design philosophy, but are functionally 
very similar to existing PWRs. 

 The Chemical and Volume Control System (CVS) is novel in a number of aspects as it 
operates at full reactor pressure, inside containment and with direct injection of hydrogen 
for corrosion control.  However, the hydrogen dosing arrangement was subject to a late 
design change during GDA and we require additional evidence to demonstrate that this 
system will operate as expected.  This will be progressed as a GDA Issue. 
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 The primary coolant sampling system has been simplified in the AP1000 design.  
Westinghouse incorporated a design change late in GDA that significantly improves the 
design, however we still have some questions regarding sampling adequacy and waste 
generation.  These will be progressed as a GDA Issue. 

 Westinghouse has produced a chemistry manual specific to AP1000 to help support a 
Licensee to build up expertise in such areas as control of chemicals used in fabrication, 
commissioning, plant monitoring and maintenance.  

 A novel design choice for the AP1000 secondary circuit is the use of Electrodeionisation 
(EDI) for purification of the steam generator blowdown.  All other PWRs, with the 
exception of one, use conventional ion-exchange based treatment systems.  An 
adequate case has been made for this system for GDA, although we would encourage 
further testing under actual plant conditions. 

 AP1000 features Passive Autocatalytic Recombiners (PARs) to control and remove 
combustible gases released into the containment during design basis events, and igniters 
for severe accidents.  From a chemistry perspective the claims, arguments and evidence 
in this area are reasonable. 

 The containment of AP1000 has been designed to retain radioactive material in 
an accident which simplifies the management of radioiodine.  AP1000 does not include a 
recirculating, pH buffered spray system for fission product control as in many PWRs, 
instead relying on passive deposition mechanism driven by external cooling 
supplemented by a spray if necessary.  The chemistry aspects of this case were 
presented to ONR late in GDA and the assessment has not been completed in this 
important area, including justification for the scale and timing of releases into 
containment.  This has been raised as a GDA Issue. 

 In the extremely unlikely event that the large core becomes hot enough to melt fuel, 
AP1000 provides an in-vessel melt retention system.  This involves flooding the reactor 
vessel pit with water.  The Westinghouse analysis of IVR appears conservative and we 
are satisfied that a reasonable argument has been presented. 

 As a result of the GDA assessments, the generic pre construction safety case for AP1000 
has been updated to include a chapter dedicated to Reactor Chemistry.  This is a 
valuable addition to the safety case. This was delivered late in Step 4 and assessment 
will be progressed via a Cross-cutting GDA Issue.  

 

There are three GDA Issues in this topic area related to: 

 Further evidence that the source term for severe accident release has been appropriately 
applied for the AP1000 design, including fractions and timing of release in both the short 
and long term. 

 Further evidence to support the design of the primary circuit hydrogen injection system. 

 Further justification, potentially including further design changes, will be needed for the 
primary circuit sampling systems to meet UK expectations. 

 

Radiation Protection 

This topic includes the assessment of measures intended to restrict of exposure of workers and the 
public to radiation so far as is reasonably practicable, including the adequacy of engineering 
controls (such as radiation shielding), measures to control radioactive contamination, and criticality 
safety. 

For GDA our assessment included:  
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 External radiation hazards associated with direct radiation from structures, systems and 
components. 

 Internal radiation hazards resulting from the generation of surface and airborne 
contamination. 

 Features of the design which are intended to reduce the exposure of workers and the 
public under normal conditions.   

 Radiation sources. 

 Designated areas (radiological classification of areas / radiological zoning). 

 Shielding. 

 Contaminated Areas. 

 Ventilation. 

 Radiological instrumentation. 

 Decontamination. 

 Optimisation for work activities (including fuel route). 

 Waste handling and decommissioning. 

 Public exposure from direct shine (direct radiation originating from within the site 
boundary). 

 Possible doses from accident conditions: 

 Criticality safety for fuel stored outside the reactor core (e.g. in spent fuel ponds). 

 

A number of items have been agreed with Westinghouse as being outside the scope of the GDA 
process and hence have not been included our assessment, such as the assessment of doses 
associated with mid-loop working, which will be assessed at the site licence phase should the 
licensee wish to undertake this practice. 

From our assessment, we have drawn the following conclusions: 

 The plant and its operations have been designed to ensure that engineered features 
would restrict exposures to workers to ionising radiation so far as is reasonably 
practicable during normal operation. 

 Westinghouse has demonstrated that it has made systematic improvements to the 
radiological protection aspects of the design throughout the design process, including the 
adequate development of shielding structures which have been adapted to the specific 
radiological conditions associated with an AP1000 reactor.   

 The AP1000 generic safety case has been informed by a thorough and robust analysis of 
the threats posed by radiological hazards. 

 Predicted doses to members of the public are very low. 

 We do not accept that the provisions for criticality control in the spent fuel pool meet 
international good practice.  Westinghouse has presented criticality control arguments 
based on the presence of soluble boron in the pool and on fuel burn up.  We believe that 
adequate control should be achieved through the use of suitable physical spacing 
between fuel elements combined with fixed poisons.  Westinghouse has made 
suggestions for how this can be addressed, and this matter will be progressed via a GDA 
Issue.  
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 We believe that insufficient space is available in the AP1000 health physics facilities, 
including changing rooms, radioactive laboratories etc.  Westinghouse has indicated that 
it intends to address any space constraints within the main nuclear island buildings by 
providing additional facilities on each site, external to the nuclear island.  This will 
therefore be progressed during the site specific phase. 

 

There is one GDA Issue in this topic area relating to: 

 The Criticality Safety Case for the Spent Fuel Pool. 

 

Mechanical Engineering 

This typically includes the safety assessment of essential mechanical items important to safety 
such as pumps, valves, lifting equipment including cranes, fuel handling equipment, ventilation 
systems etc. It also includes the layout and routing of the mechanical equipment and systems to 
ensure appropriate maintenance regimes can be developed, and equipment is protected from 
hazards and degradation. 

Much of Westinghouse’s GDA submission has been restricted to high level specifications, and this 
has limited the extent of our assessment.  Nevertheless, for GDA our assessment included:  

 Assessment of the safety functions of reactivity control, heat transfer and removal, and 
containment of radioactive substances, associated with mechanical equipment and 
systems.  

 Review of a wide range of mechanical items and systems important to safety, including 
cranes used for nuclear lifting, nuclear ventilation systems, pumps and valves, heat 
exchangers and associated heat transport systems, Control Rod Drive Mechanisms, and 
mechanical handling systems. 

 A ‘deep slice’ assessment of the squib valve designs used as part of the Passive Core 
Cooling System.  

 

From our assessment we have drawn the following conclusions:  

 Generally the equipment proposed for the AP1000 has a good mechanical engineering 
pedigree, well supported by Operational Experience Feedback. 

 Information from Factory Acceptance Tests and Site Acceptance Tests, which in general 
form an important suite of evidential information are not generally available within GDA 
since in many cases suppliers have not yet been selected. 

 In response to our challenges, Westinghouse has changed the classification of duty 
systems with important safety functions to align with UK practice. This is part of the 
graded approach to safety, to ensure that design, procurement, operational, and 
maintenance attention is focussed proportionately on equipment with higher safety 
importance.  

 Westinghouse has also agreed to make some important changes to the nuclear 
ventilation system as a result of interactions within GDA. This includes raising the height 
of the nuclear ventilation discharge stack to a level above the adjacent containment 
building, in line with UK expectations, and also the provision of passive high efficiency 
particulate air (HEPA) filtration to additional areas of the plant. 

 We have not accepted as adequate the engineering substantiation for the Mechanical 
Engineering (including pyrotechnic) aspects of the squib valve designs. The squib valves 
are fast acting valves that are important to safety and are used as part of the Passive 
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Core Cooling System within the AP1000.  These are novel designs whose development 
has been continuing during GDA. Although the design development and associated 
prototype testing have made some good progress, we are not yet satisfied that the safety 
justification and substantiation (including documentation) is adequate given the 
importance of these valves.  This will be progressed as a GDA Issue. 

 Although the AP1000 was originally conceived in imperial units, it is the UK regulator’s 
expectation that an AP1000 built in the UK will be metric.  Progress has been made in 
this area during GDA, however further work is still required, and a number of exceptions 
proposed by Westinghouse, such as widespread use of imperial fastenings, are either not 
acceptable, or require further definition and justification. This will be progressed via a 
GDA Issue. 

 Space is limited within the AP1000 and the design has minimised pipes and valves to 
reduce cost and maintenance.  However, one result is that there are limited features to 
enable the safe isolation and drainage of pipework for testing and maintenance. For 
example Westinghouse has proposed the use of pipe freezing as a routine activity, and 
further design work and justification is required in this general area.  This will be 
progressed via a GDA Issue. 

 The AP1000 diesel engines and systems do not adequately take into account the 
regulation amendment in respect of fuels, Motor Fuel (Composition and Content) 
Regulations 1999. The AP1000 uses diesel engines to provide stand-by power supply 
capability to the Nuclear Power Plant electrical load requirements, which is a standard 
feature of Nuclear Power Plants throughout the world. However, the reliability of the 
engines starting and continuing to operate on demand can be adversely affected by 
changes in fuel composition, and this needs to be adequately accounted for in the diesel 
design and maintenance arrangements.  This will be progressed at the site specific 
stage. 

 

There are three GDA Issues in this topic area that relate to: 

 Squib Valve Concept and Design Substantiation. 

 Metrication of the AP1000 to meet UK expectations. 

 Provision of adequate design features to enable to safe isolation and drainage of 
pipework for testing and maintenance activities. 

 

Structural Integrity 

This topic includes the safety assessment of nuclear safety related metal pressure vessels, piping, 
other components and their supports, including materials selection, design, fabrication, in-
manufacture examination and testing, the analysis of structural integrity under normal load and 
faulted conditions (including fracture mechanics based analyses), and lifetime ageing of materials 
assessment (including neutron irradiation embrittlement). 

For GDA our assessment included the following:  

 A particular focus on pressure boundary components where it is necessary to show that 
the likelihood of gross failure is so low that it can be discounted.  Westinghouse has 
designated these pressure boundary components as the Highest Safety Significance 
(HSS) components, with a further designation of High Integrity (HI) where a similar 
demonstration is also required.  
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 Other aspects of the nuclear safety related metal pressure vessels and piping and other 
pressure boundary components including: 

o categorisation and classification of systems, structures and components; 

o materials selection, design, fabrication; 

o in-manufacture examination and testing; 

o the analysis of structural integrity under normal load and faulted conditions 
(including fracture mechanics based analyses); 

o lifetime ageing of materials (including neutron irradiation embrittlement); and 

o in-service inspection to the extent of ensuring that there is adequate access, but 
noting that detailed in-service inspection proposals have been agreed as being 
outside the scope of GDA. 

 

From our assessment we have concluded the following:  

 Westinghouse has designed the AP1000 nuclear pressure vessels and piping against the 
American nuclear design code, ASME III and we judge this to be generally acceptable for 
nuclear pressure systems.   

 There are a small number of critical components where it is necessary to show that the 
likelihood of gross failure is so low that it can be discounted.  We do not accept that the 
normal code requirements are sufficient to provide this level of confidence. Westinghouse 
has accepted the need in the UK to make a higher level demonstration of structural 
integrity integrating fracture mechanics analyses, material toughness and qualification of 
manufacturing inspections that go beyond ASME Code requirements.   

 We have independently verified the adequacy of a small number of the Westinghouse 
fracture mechanics calculations and, whilst a number of apparent discrepancies were 
identified, we are generally satisfied with the approach that has been taken.  Further 
detailed assessment of some of the fracture mechanics calculations is still required and 
this will be taken forward as part of a GDA Issue.  

 We have undertaken a full review of some of the some of the Westinghouse 
manufacturing inspection proposals and a high level review of the others. Overall we 
conclude that it should be possible for Westinghouse to provide a suitable demonstration 
for the safety case, however a more detailed assessment will be required to confirm this, 
and this will be progressed via a GDA Issue.   

 Our independent review of code compliance against ASME III on a number of the main 
vessels identified a number of apparent discrepancies.  Westinghouse has provided 
additional supporting evidence to demonstrate code compliance and this gives 
confidence that the vessels are satisfactory.  However full resolution of the apparent 
discrepancies is required and this will be progressed via a GDA Issue.  

 Westinghouse introduced a design change for the reactor coolant pumps at the end of 
GDA Step 3.  This included a change to the material used for the pump casing, which is 
an important part of the reactor pressure boundary.  Technical reports on the casing 
design arrived late in Step 4. We have sufficient knowledge to be satisfied that the design 
and material choice are likely to be adequate, however a more detailed assessment is 
required and this will be progressed via a GDA Issue.  In addition a further consequence 
assessment will be required to support the classification of the pump casing as a non-
HSS component or alternatively the pump casing will have to be re-classified and justified 
as HSS.  This will also be progressed via a GDA Issue.   
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 Westinghouse has not yet completed demonstration of a 60 year fatigue life for the 
pressuriser surge line against the ASME III code.  This work is ongoing and will be 
progressed via a GDA Issue.   

 We are generally content with the analysis work that has been undertaken for the 
containment vessel, but there is ongoing work to demonstrate integrity against a thermal 
load case.  In addition the containment vessel welds in accordance with ASME code 
requirements are not post-weld heat treated.  Westinghouse has not, so far, completed 
the justification  that the vessel is sufficiently tolerant of welding defects given the high 
residual stress   

 In addition to meeting the requirements of the ASME III Code, we believe that additional 
controls on material composition and manufacturing processes are reasonably 
practicable for the Reactor Pressure Vessel, Steam Generators and Pressuriser.  It will 
be the responsibility of the future Licensee to specify and agree procedures at a detailed 
level with suppliers of the main forgings and this will therefore be progressed during the 
site specific phase.  

 We have not yet fully concluded on the adequacy of the justification for using non-nuclear 
codes for Class 2 pressure equipment and additional evidence is required to justify why 
the Accumulator Tanks in the Passive Core Cooling System can be designed and 
constructed to ASME III Class 3 which is a lower class than in previous designs.  These 
matters, which arose late in the GDA assessment, still need to be resolved and will be 
addressed in a GDA Issue on categorisation and classification. 

 

There are six GDA Issues in this topic area that relate to: 

 The safety case for avoidance of fracture on high integrity vessels. 

 The fatigue analysis for the pressuriser surge line. 

 The justification for the material and design of the reactor coolant pump casing. 

 Additional analysis for the containment vessel. 

 Compliance of AP1000 Main Structural Components with ASME III Design Rules. 

 The categorisation and classification of the Structural Components. 

 

Human Factors  

The safety assessment of the human factors (HF) aspects of the new nuclear power stations is 
focused on ensuring that the human actions that are needed to contribute to safety are feasible.  
This is complemented by a broader holistic assessment across a range of important HF aspects. 

For GDA our assessment included the following:  

 Substantiation of human based safety actions – have all operator actions or vulnerability 
to human errors been identified and sufficiently considered for this stage in the overall 
development of the design. 

 Generic Human Reliability Assessment (HRA). 

 Engineering systems’ maintenance reliability from a HF perspective.   

 HF Integration (HFI) into the design and safety case of the UK EPR. 

 Plant wide generic HF assessment to provide a judgement on the adequacy of the overall 
plant design from a HF perspective. 

 

 
TRIM Ref. 2011/272417  Page 47 of 54  



 

Annex 3 

AP1000 Topic-by-Topic Summary 
                

The following items have been agreed with Westinghouse as being outside the scope of GDA: 

 Detailed procedure design. 

 Final human machine/computer interface designs. 

 Work organisation. 

 Staffing levels. 

 Administrative controls.   

 

From our assessment we have drawn the following conclusions:  

 Overall, Westinghouse has undertaken a significant volume of quality HF assessment 
work to support their GDA submission and it has applied considerable competent 
resource to improve its position on HF from that at the end of GDA Step 3.   

 There are gaps in the HF safety case; some of which are significant and have resulted in 
a GDA Issue.  However Westinghouse has delivered additional analyses to address 
these concerns; unfortunately however it was delivered late in Step 4 and has not yet 
been fully assessed.  

 Although there is work to be done, we judge that, in the HF technical area, there is a 
minimal risk to progression of the overall generic design and safety case.   

 Westinghouse has provided a reasonable substantiation of human based safety and has 
incorporated some valuable operational experience from Utility partners, and developed 
some potentially useful error reduction strategies.   

 There are however some areas of analytical incompleteness and these will require some 
further work.  Additionally, to address regulatory observations in the areas of operator 
misdiagnosis, and human error mechanisms, Westinghouse provided additional 
justification late in Step 4.  Further assessment in these areas will be progressed as part 
of a GDA Issue. 

 The qualitative HF assessment work undertaken by Westinghouse to develop the HF 
safety case for the AP1000 has not been reflected in the Human Reliability Assessment 
(HRA).  As the safety case and supporting risk assessments move forward those 
analyses should be fully incorporated within a revised HRA model.  Additionally, we do 
not consider that the current human error prediction model represents recognised good 
practice in terms of quantitative HRA.  This is largely a result of the age of the model and 
its incompleteness and this will be progressed within the GDA Issue. 

 Westinghouse has made a good start in addressing the human reliability aspects of 
maintenance; and there is evidence of analysis and design input to support their claims in 
this area.  However there are significant gaps in the HF contribution that will be taken 
forward as part of the GDA Issue.   

 Westinghouse has provided a Human Factors Engineering (HFE) programme of work.  
This does contain the major components expected but there are significant omissions 
and it may therefore not result in an ALARP position.  This is a work area that is 
appropriate to be further addressed by a future licensee as part of a site specific work. 

 The quality of the design based HF aspects is adequate across the wide range of areas 
assessed (Allocation of function; Workplace and workstation design; Working 
environment; Control and display interfaces; Procedures; and Staffing and work 
organisation). 
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There is one GDA Issues in this topic area related to: 

 Completeness of the Human Factors Safety Case. 

 

Management of Safety and Quality Assurance (MSQA) 

This topic addresses the Westinghouse Quality Assurance and Management of Safety 
organisational and procedural arrangements to deliver the AP1000 GDA submissions.  Where 
possible both regulators have worked together in our dealings with Westinghouse in this topic area. 

For GDA our assessment included:  

 Management System, including audit and assessment, non-conformance and records 
management. 

 Training and competency of personnel. 

 Audit and Assessment, including non-conformance reporting. 

 QA arrangements for control of design development. 

 QA arrangements for software control supporting design development. 

 QA arrangements for control of design changes. 

 QA arrangements supporting the procurement of GDA services. 

 Configuration control of GDA submission documentation (Safety Case, Design Reference 
and Submission Master List). 

 The QA arrangements for all manufacturing activities have been agreed as being outside 
the scope of GDA and will be addressed during site specific phase. 

 

From our assessment we have drawn the following conclusions:  

 The Management System for the GDA project, and its application, has developed 
considerably during Step 4. 

 Westinghouse has applied robust monitoring and assessment processes to the project, 
this has included adequate arrangements for non-conformance management. 

 A number of design changes have been made during Step 4 which we were not formally 
notified of and the safety documentation that the assessors were working on has been 
changing.  As a result, the GDA Design Reference did not fully align with the PCSR 
submitted in December 2009 and the supporting documentation. 

 A number of design changes have been made during Step 4 which we were not formally 
notified of and the safety documentation that the assessors were working on has been 
changing.  As a result, the GDA Design Reference does not fully align with the safety 
documentation.  This will be progressed as a joint GDA Issue by both regulators for 
control, maintenance and development of the GDA submission documentation.  This is 
included in the Cross-cutting topic area. 

 The quality assurance arrangements supporting the development of the design are 
adequate, for example design verification, software control, design review, and design 
change.  However the application of some of these processes to the UK project has been 
limited , for instance the design reviews conducted to date have not included UK 
requirements and the design change process has not considered the impact to the UK 
safety submission fully. 
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There is one GDA Issue related to this topic area relating to the control of the GDA submission 
documentation and this is reported under the Cross-cutting topic area. 

 

Radioactive Waste and Spent Fuel Management 

Under this topic, we examine the proposals for the safe minimisation, handling, storage and 
disposal of radioactive waste arising from all parts of the power station, and we review the 
proposals for decommissioning.  Where possible both regulators have worked together in our 
dealings with Westinghouse in this topic area. 

We have agreed with Westinghouse that the radioactive waste facilities not on the nuclear island 
will be developed during the site specific phase.  So, for GDA we need to see sufficient information 
to give us confidence that these facilities can be developed and the spent fuel and waste can be 
safely stored and then retrieved, transported, and, finally, disposed of.  

For GDA our assessment included:  

 Whether the wastes that an AP1000 will produce have been identified in sufficient detail. 

 The suitability of the plans put forward for short-term storage; and conditioning of the 
wastes for long-term storage and eventual disposal. 

 The suitability of the plans for long term storage of Intermediate Level Waste and spent 
fuel to show that this is safe and that the waste will be in a condition that would allow it to 
be transported for disposal. 

 Whether the wastes that an AP1000 will produce are suitable for disposal. 

 The plans for decommissioning an AP1000. 

 The suitability of proposals for knowledge management over the lifetime of the facilities. 

 The ability of Westinghouse to produce the Radioactive Waste Management Case for the 
AP1000, showing the safety proposals from cradle to grave. 

 The Westinghouse plan for the development of waste management facilities to show that 
these can be developed in a timely manner. 

 

From our assessment we have drawn the following conclusions:  

 Westinghouse has identified the typical wastes that an AP1000 will produce. 

 The size of the Waste Treatment Facilities proposed in the generic AP1000 design is too 
small to provide safe and environmentally acceptable short term storage options and 
subsequent conditioning for the wastes that an AP1000 is foreseen to produce.  
Westinghouse has addressed this by advising that new facilities, off the nuclear island, 
will be developed during the site specific phase.   

 The wastes can be conditioned and there is no reason to believe that the resulting 
products are not suitable for long-term storage and eventual disposal. 

 The plans for long term storage of Intermediate Level Waste are similar to those used 
elsewhere in the UK nuclear industry. 

 The design of the spent fuel storage facilities on the nuclear island should allow a 
licensee to address the needs of the long-term storage requirements so that spent fuel 
remains in a condition that would allow it to be transported for disposal.  However, the 
size of the at-reactor spent fuel pool may restrict the licensee’s flexibility this will need to 
be addressed during the site specific phase.  The licensee will also need to continue to 
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consider potential degradation mechanisms and periodically inspect the stored fuel to 
maintain confidence that it remains in a suitable condition. 

 The plans for decommissioning an AP1000 are to a suitable level to show that this can be 
achieved in a safe and environmentally acceptable way and that the wastes produced are 
suitable for disposal.   

 The Radioactive Waste Management Case Mapping Document for the AP1000 shows 
that Westinghouse proposals, from cradle to grave, are in sufficient detail to be confident 
that there are no foreseeable reasons why the waste cannot be managed safely. 

 

There are no GDA Issues in this topic area. 

 

Environmental 

Having considered all consultation responses and some additional information received from 
Westinghouse, the Environment Agency is largely content that there will be no significant 
unresolved environmental issues for the AP1000 remaining after June 2011, subject to the lessons 
learnt from the Fukushima accident.  However, as ongoing assessment work by HSE after June 
could impact on the Environment Agency’s conclusions (e.g. in the reactor chemistry and MSQA 
areas), our intention is that only an Interim SoDA would be issued until HSE is in a position to 
consider whether to issue a full DAC.  This will also ensure that the final DAC and SoDA for the 
AP1000 will be based on the same Design Reference.  

Therefore, the Environment Agency has issued two GDA Issues on the following matters (both are 
common with ONR GDA Issues): 

 Implementation of Design Changes, and maintenance and control of the GDA submission 
documentation to include changes arising from Resolution Plans associated with GDA 
Issues, and to deliver updated versions of the key references to any DAC/SoDA the 
regulators may issue at the end of GDA.   

 To respond to the lessons learnt from the Fukushima accident, both from Westinghouse 
internal reviews and in response to the ONR lessons learnt report. 

 

Security 

Under this topic we consider whether the security protection provided on the nuclear power station 
is adequate to protect against the theft or sabotage of nuclear materials or associated facilities. 

For GDA our assessment included:  

 Vital Area Identification and the related security measures (physical and electronic). 

 Computer Based Systems Important to Nuclear Safety (CBSIS) and the physical security 
of the associated equipment. 

 Conceptual Security Arrangements proposed by Westinghouse. 

 

From our assessment we have drawn the following conclusions:  

 We are broadly satisfied that the claims, arguments and evidence laid down within the 
Conceptual Security Arrangements present an adequate security case for the generic 
AP1000 reactor design.  The AP1000 reactor is therefore suitable from a security 
perspective for construction in the UK, although further development will be required by 
future Site Licensees during the site specific phase. 
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There are no GDA Issues arising from this topic area. 

 

Cross-cutting Topics 

Certain safety and environmental aspects cut across a number of different topic areas and so 
these are managed in a transverse manner. These are discussed in this section. 

For GDA our assessment of Cross-cutting topics included:  

 Control of the pre construction safety report (PCSR) and Master Submission List (MSL) 
against the Design Reference (DR). 

 Design changes. 

 Arrangements to identify the Limits and Conditions necessary in the interests of safety. 

 Metrication of the AP1000. 

 Classification of Structures, Systems and Components and Safety Function 
Categorisation. 

 Spent Fuel Pond. 

 

From our assessment we have drawn the following conclusions:  

 We accepted the design reference (DR) in October 2010 subject to some clarifications. At 
that time Westinghouse set the Design Reference Point (DRP) at the 16th September 
2010. There is an ongoing work stream to incorporate the subsequent design changes 
that we have agreed can be included in GDA.  

 The PCSR for the AP1000, issued in December 2009, was found to have significant 
shortfalls in terms of content and quality. Westinghouse’s responses to our technical 
questions have made up for many of the gaps and shortfalls in the 2009 PCSR and a 
replacement PCSR was issued at the end of March 2011 and will require assessment to 
confirm it is fit for purpose. This will be progressed as part of a GDA Issue. 

 There are up to 1500 design change proposals (DCPs) from Step 3 and Step 4 listed in 
the tables of the Design Reference (DR), many of which have not been fully incorporated 
into the design, safety and other engineering documentation.  Our expectation is that 
Westinghouse will implement all the DCPs into the GDA submissions (PCSR, MSL and 
DR).  A formal process will be required to transfer any outstanding DCP information into 
the site specific phase.   

 The PCSR issued in March 2011 needs to be reviewed by our assessors. In addition, the 
GDA submissions including PCSR, environmental reports, MSL and DR need to be 
updated to reflect progress in clearing the GDA Issues and incorporation of design 
changes. This will be progressed as a GDA Issue. 

 The correct setting of plant operating limits is key to both the prevention of situations 
which might lead to accident conditions, and the mitigation of the consequences of such 
accident conditions should they arise.  The Westinghouse arrangements for defining 
limits and conditions important to safety was principally based on US regulatory 
requirements and there is not a clear derivation of the limits and conditions from the 
safety case analysis.  Westinghouse need to develop arrangements to advise a future 
operator of AP1000 of the limits and conditions that are important to safety, and clearly 
document how these are derived from the safety case. This will be progressed as a GDA 
Issue.  
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 Our GDA guidance called for reactor designs submitted to us to be in metric units.  The 
AP1000 was conceived as an imperial unit design.  We have discussed Westinghouse’s 
plans for metrication of the AP1000 for some time and, although significant progress has 
been made, we have not reached full agreement.  The extent of non-metric items 
proposed, such as structural steelwork and mechanical fastenings could have a 
significant impact on safety, particularly in respect to maintenance activities and 
construction. This will be progressed as a GDA Issue under the Mechanical Engineering 
topic area. 

 Safety Classification and Categorisation is an important element of the safety case as it 
allows a graded approach to safety, based on importance, and allows us to focus our 
assessment on those functions that are the most important.  It also helps ensure that 
appropriate codes and standards are applied, according to the safety requirements for 
that system, structure or component. Westinghouse has now recognised the UK 
requirements for Systems, Structures and Components classification and is applying this 
to AP1000.  It now remains for the methodology to be cascaded through all necessary 
AP1000 design and safety documentation. The main outstanding matters are being 
progressed under a GDA Issue in the Structural Integrity topic area. 

 On the Spent Fuel Pool design there are outstanding matters related to Criticality, Spent 
fuel cooling, Containment and long term storage of spent fuel.  These are being 
progressed as GDA Issues within the relevant topic areas. 

o Westinghouse’s criticality safety case for the AP1000 spent fuel pool relies on the 
presence of soluble boron to assure criticality safety during normal conditions.  
We have concluded that the proposed reliance on the presence of soluble boron 
to assure sub-criticality under normal conditions does not represent Relevant 
Good Practice and we believe that criticality control should be ensured via fuel 
rack geometry and fixed poisons. 

o In response to our assessment, Westinghouse has agreed to make modifications 
to improve the reliability of the fuel pool cooling systems. This needs to be 
developed into a new safety case that is incorporated into the PCSR and 
supporting documents.  

o There is a concern that leakage of borated water from the spent fuel pond could 
go undetected for a long period of time and could result in significant 
damage/contamination. We believe that a suitable second containment barrier 
with leak detection/collection is required to give the required redundancy for water 
containment.  

o The design of the spent fuel storage facilities on the nuclear island should allow a 
licensee to address the needs of the long-term storage requirements so that spent 
fuel remains in a condition that would allow it to be transported for disposal.  
However, the size of the AP1000 reactor spent fuel pool may constrict the 
licensee’s flexibility, on long term storage and we will need to see further evidence 
of the degree of cooling necessary before fuel is placed into a dry store.  This will 
be addressed in the Radioactive Waste and Decommissioning Assessment during 
the site specific phase. 

We have also asked Westinghouse to demonstrate how it will be taking account of the lessons 
learnt from the unprecedented events at Fukushima, including from Westinghouse internal reviews 
and from those lessons and recommendations that are identified in the ONR Chief Inspector’s 
interim and final reports. 

 

There are three GDA Issues arising from this topic area related to: 
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 Establishing arrangements to identify and advise the future Licensee of the conditions and 
limits necessary in the interests of safety. 

 Providing final consolidated versions of GDA submission documentation, including the 
Pre-Construction Safety Report, the environmental reports, Master Submission List and 
design reference document as the key references to any DAC/SoDA the regulators may 
issue at the end of GDA (a joint GDA Issue with the Environment Agency). 

 To respond to the lessons learnt from the Fukushima accident, both from RP internal 
reviews and in response to the ONR lessons learnt report (a joint GDA Issue with the 
Environment Agency). 

 

 

 


