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Introduction  

1. This report has been prepared by the United Kingdom (UK) in response to the 
outcome of the 5th Review Meeting of the Convention on Nuclear Safety (CNS) – the 
‘Convention’ – where, taking into consideration the Fukushima Dai-ichi accident on 
11 March 2011, the Contracting Parties in attendance agreed to hold an 
Extraordinary Meeting of the CNS in accordance with Article 23. To support the 
meeting, the 5th Review Meeting of the CNS agreed that “… a short and concise 
National Report will be developed by each Contracting Party ...”. These reports are to 
concentrate on the actions, responses and new developments that have been 
initiated or influenced by the accident at the Fukushima Dai-ichi nuclear power 
plants. 

2. This report has been prepared by the UK to meet this requirement and is 
consequently presented in the format prescribed by the General Committee of the 
5th Review Meeting in the document “Second CNS Extraordinary Meeting (August 
2012) – Structure” Rev.1, 16 February 2012 and associated guidance “Second 
Extraordinary Meeting (August 2012) – Guidance for National Reports - Addendum”. 

3. The report covers land-based civil nuclear power plant (NPP) as defined in 
Article 2 of the Convention.  The safety of other UK nuclear facilities that fall outside 
the scope of this Convention are also regulated to the same standards, so as to 
ensure that they are operated in a manner that maintains a high level of safety. 

4. Since the UK report to the CNS Review Meeting in April 2011, within the UK 
nuclear safety system there have been no significant corrective actions necessary to 
comply with the Convention.  The UK’s nuclear safety licensing regime has proved to 
be effective which, together with the high priority given to safety by the UK nuclear 
utilities, has stood the country well in times of great change.  Furthermore, the 
periodic safety review requirements of the UK nuclear site licences have meant that 
for many years the UK has been monitoring and improving the safety of its nuclear 
installations.  This activity will continue in the future.  This is not to say that the UK is 
complacent, far from it.  Safety challenges remain, especially in dealing with the 
ageing of facilities and legacy issues, and the requirement under UK law to strive for 
further improvement guards against such complacency. 

5. In line with these ongoing efforts, following the unprecedented events in 
Japan in March 2011, the Government through the Secretary of State for the 
Department of Energy and Climate Change (DECC) asked Her Majesty’s (HM) Chief 
Inspector of Nuclear Installations to provide a report to the Government on the 
implications for the UK nuclear industry of the events at the Fukushima Dai-ichi 
power station and to identify lessons.  An Interim Report was published in May 2011 
(Ref. 1) which focused on the UK’s nuclear power plants, and the Final Report was 
published in September 2011 (Ref. 2).  A follow-up report will be published in the 
autumn of 2012. 

6. In addition, all nuclear power plants in the UK, and across Europe, have 
undertaken a “stress test” to identify whether any improvements can potentially be 
made.  The UK National Report on stress tests was submitted in December 2011 
(Ref. 3), since when a further ‘peer review’ has been carried out.  The Office for 
Nuclear Regulation (ONR) has also required all non-power plant licensed nuclear 
installations in the UK to undertake similar tests of relevant safety margins.  The 
outcome of these stress tests will give further details to the outcome of the already 
published reports.  The aim of all these activities will be to transparently and openly 
ensure that the UK Government, nuclear safety regulator and nuclear industry are 
doing all that they can to ensure the highest levels of nuclear safety both at home 
and across the world. 
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7. This report provides an overview of the work that the UK has carried out post-
Fukushima accident. It summarises the analysis work, the main conclusions, and 
highlights any identified weaknesses within the current safety justifications.  It also 
confirms the high levels of safety of the UK NPPs and that this will be enhanced by 
taking into account the lessons learnt from the Fukushima accident. 

Background 

The Fukushima accident 
8. On 11 March 2011 Japan suffered its worst recorded earthquake, known as 
the Tohuku event or Great East Japan Earthquake.  The epicentre was 176 km east-
north-east of the Fukushima Dai-ichi (Fukushima-1) site.  Reactor Units 1, 2 and 3 on 
this site were operating at power before the event and on detection of the 
earthquake, shut down safely.  Off-site power was lost and initially emergency diesel 
generator (EDG) power was used to provide essential post-trip cooling.  Less than an 
hour after shutdown a massive tsunami from the earthquake inundated the site and 
destroyed the capability for on-site generation of alternating current (AC) electrical 
power, except for one, air-cooled, EDG that served Reactor 6 (and eventually 
Reactor 5).  Sometime later, alternative back-up cooling was lost.  With the loss of 
cooling systems, Reactor Units 1 to 3 overheated.  The overheated zirconium 
cladding reacted with water and steam, generating hydrogen which resulted in 
several explosions causing damage to building structures.  Major releases of 
radioactivity occurred, initially to the atmosphere but later by leakage to sea.  The 
operator struggled to restore full control. 

9. This was a major nuclear accident, rated at an International Nuclear and 
Radiological Event Scale (INES) level 7 (the highest level).  The Japanese authorities 
instigated a 20 km evacuation zone, a 30 km sheltering zone and other 
countermeasures. 

UK Response 
10. In response to the Fukushima accident, the UK Government instigated the 
Cabinet Office Briefing Room (COBR), and the Government Chief Scientific Advisor 
chaired a Scientific Advisory Group for Emergencies (SAGE).  HM Chief Inspector of 
Nuclear Installations provided significant inputs to both COBR and SAGE.  The 
Redgrave Court Incident Suite in Bootle was staffed by ONR from early in the 
accident.  For over two weeks, it acted as a source of expert regulatory analysis, 
advice and briefing to central government departments and SAGE. 

11. The Secretary of State requested HM Chief Inspector of Nuclear Installations 
to examine the circumstances of the Fukushima accident to see what lessons could 
be learnt for the UK nuclear industry.  ONR established a dedicated project team 
covering aspects of the Fukushima accident that are likely to be important for 
learning lessons.  HM Chief Inspector of Nuclear Installations established a Technical 
Advisory Panel (TAP) of external independent experts to advise him during this work. 

12. HM Chief Inspector of Nuclear Installations published his Interim Report, 
targeted on nuclear power plants, on the events at Fukushima and the implications 
for the UK nuclear industry on 18 May 2011 (Ref. 1).  This report contained 11 
conclusions and 26 recommendations.  Many of the recommendations covered 
topics similar to those in the subsequent European stress tests, but were wider 
ranging, and UK licensees were reminded of the potential synergies in the work for 
the recommendations and for the stress tests in the letters which requested them to 
undertake stress tests. 

13. HM Chief Inspector of Nuclear Installations published his Final Report on 11 
October 2011 (Ref. 2), which covered all non-reactor nuclear facilities.  This report 
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built on the findings of the Interim Report and added a further 6 conclusions and 12 
recommendations.  All of the recommendations from both these reports are 
reproduced within this report. 

European Council Response 
14. On 24 and 25 March 2011, the European Council (EC) declared that “the 
safety of all EU nuclear plants should be reviewed, on the basis of a comprehensive 
and transparent risk assessment (“stress tests”).  European Nuclear Safety 
Regulators Group (ENSREG) and the European Commission are invited to develop, 
as soon as possible, the scope and modalities of these tests in a coordinated 
framework, in light of the lessons learnt from the accident in Japan and with the full 
involvement of member states, making full use of available expertise (notably from 
the Western European Nuclear Regulators’ Association (WENRA).  The 
assessments will be conducted by independent national authorities and through peer 
review; their outcome and any necessary subsequent measures that will be taken 
should be shared with the Commission and within ENSREG and should be made 
public.  The EC will assess initial findings by the end of 2011, on the basis of a report 
from the Commission”.  The European Commission is to present its final report to the 
EC in June 2012. 

15. ENSREG members agreed on the initial independent regulatory technical 
definition of the stress tests and how it should be applied to nuclear facilities across 
Europe at their plenary meeting on 12-13 May 2011 (“the ENSREG stress test 
specification, Ref. 4). 

16. All nuclear power plants in the UK, have undertaken the EC stress tests to 
identify whether any improvements can potentially be made.  The results of the 
stress tests were presented to ONR by the licensees in October 2011, along with the 
licensees’ Considerations for additional analysis, site modification and modifications 
to their arrangements.  The UK National Report on stress tests was submitted in 
December 2011.  This report contained an additional 19 findings which place actions 
on the UK nuclear industry.  Further ‘peer review’ has been carried out by a 
European team.  ONR has also required all non-power plant licensed nuclear 
installations in the UK to undertake similar tests of relevant safety margins. 

Other international responses 
17. HM Chief Inspector of Nuclear Installations led an International Atomic 
Energy Agency (IAEA) high-level team of international nuclear experts in a fact-
finding mission to Japan in May 2011.  HM Chief Inspector of Nuclear Installations 
reported back to a Ministerial Conference of the IAEA in June 2011 and the mission 
team produced a report (Ref. 5).  A crucial initial finding of the mission team was that 
the tsunami risk for several sites in Japan had been underestimated.  It also 
concluded that regulatory systems should ensure that there are adequate 
arrangements for addressing extreme events, including periodic review of those 
arrangements.  The EC stress tests are part of this process.  The IAEA has 
developed an Action Plan on Nuclear Safety (Action Plan), which was endorsed at its 
General Conference in September 2011. 

18. The Japanese Government has provided two reports on the accident to the 
IAEA: to the Ministerial Conference, published in June 2011 (Ref. 6), and to the 
General Conference, published in September 2011 (Ref. 7). 

19. The UK has contributed to a significant number of other international 
meetings and bilateral discussions relating to the Fukushima accident since March 
2011, and this is expected to continue.  ONR’s staff, led by HM Chief Inspector of 
Nuclear Installations, play an active role in these meetings. 
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Basis of the report 
20. The information presented in this report has been drawn from the work 
carried out by ONR following the Fukushima accident, in conjunction with UK 
Government and UK licensees.  This work has been detailed in the following reports. 

 Japanese Earthquake and tsunami: Implications for the UK nuclear industry 
HM Chief Inspector of Nuclear Installations – Interim Report (Ref. 1). 

 Japanese earthquake and tsunami: Implications for the UK nuclear industry – 
Final Report (Ref. 2). 

 European Council “Stress Tests” for UK Nuclear Power Plants. National 
Report (Ref. 3). 

21. The information from these reports has been represented, under Topics 1-6, 
and has been supplemented and updated where necessary to meet the Guidance for 
the contents of this report as detailed below. 

22. Recommendations from the reports and associated ‘Considerations’ by 
licensees are addressed at the end of each Topic as part of the tabulation ‘Summary 
of actions’. 

Topic 1 – External Events 

23. Topic 1 has been addressed by the licensees’ submissions which provide 
their conclusions against the external hazard sections of the ENSREG stress test 
specification (Ref. 4).  These were reported in ONR’s National Report on stress tests 
(Ref. 3) which gave ONR’s view on the adequacy of the licensees’ submissions.  The 
topic area is broken down into four subsections: earthquakes, flooding, extreme 
weather and external fire.  

Topic 2 – Design Issues 

24. Topic 2 has been addressed by the licensees’ submissions which provide 
their conclusions against progressive loss of electrical supplies and cooling capability 
irrespective of the initiating event and the severe accident progression sections of the 
ENSREG stress test specification (Ref. 4).  These were reported in ONR’s National 
Report on stress tests (Ref. 3) which gave ONR’s view on the adequacy of the 
licensees’ submissions.  This section is design to inform the reader of the number of 
lines of protection that would have to be breached in order for severe radiological 
consequences to occur from a UK NPP.  The timescales until significant damage to a 
UK NPP could occur if existing lines of protection were to fail as well as failure of 
additional measures to prevent damage are also reported. 

Topic 3 – Severe Accident Management and Recovery (On-site) 

25. Topic 3 has been addressed by the licensees’ submissions which provide 
their conclusions against the severe accident management sections of the ENSREG 
stress test specification (Ref. 4).  These were reported in ONR’s National Report on 
stress tests (Ref. 3) which gave ONR’s view on the adequacy of the licensees’ 
submissions.  This report systematically explored the organisational and 
management measures that are in place to deal with emergencies, including severe 
accidents, and identified areas where it may be beneficial to enhance current 
arrangements in order to mitigate consequences. 

Topic 4 – National Organisations 

26. Topic 4 falls outside of the requirements of the ENSREG stress test 
specification.  It has therefore been addressed by obtaining additional information 
from UK Government, regulators and licensees.  Further, national organisations were 
considered within the HM Chief Inspector’s reports on the Fukushima accident 
(Refs 1 and 2). 
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Topic 5 – Emergency Preparedness and Response and Post-accident 
Management (Off-site) 

27. Topic 5 was addressed within the HM Chief Inspector’s Final Report (Ref. 2) 
which considered the UK’s response to a nuclear accident as well as the 
requirements of the responding organisations.  

28. This topic has also been addressed by the licensees submissions which 
provide their conclusions against the severe accident management sections of the 
ENSREG stress test specification (Ref. 4).  These were reported in ONR’s National 
Report on stress tests (Ref. 3) which gave ONR’s view on the adequacy of the 
licensees’ submissions.  This report systematically explored the organisational and 
management measures that are in place to deal with emergencies, including severe 
accidents, and identified areas where it may be beneficial to enhance current 
arrangements in order to mitigate consequences. 

Topic 6 – International Co-operation 

29. This topic area falls outside of the requirements of the ENSREG stress test 
specification.  It has therefore been addressed by obtaining additional information 
from UK Government, regulators and licensees.  However, international co-operation 
required in the interest of nuclear safety was considered by the HM Chief Inspector’s 
reports on the Fukushima accident (Refs 1 and 2). 

Relevant aspects of UK regulatory regime  

Legal framework 
30. In the UK, the legal framework for nuclear safety is established principally 
through the:  

 Health and Safety at Work etc. Act 1974 (HSWA74). 

 Nuclear Installations Act 1965 (NIA65) (as amended). 

31. Under HSWA74, employers are responsible for reducing risks, so far as is 
reasonably practicable, to their workers and the public.  This responsibility is 
elaborated further in relation to nuclear sites by NIA65, which establishes a nuclear 
site licensing regime.  The power to grant a licence to use a site to construct and 
operate a specified nuclear installation, and its subsequent regulation, is vested in 
the Health and Safety Executive (HSE), which further delegates this authority to HM 
Chief Inspector of Nuclear Installations.  This power includes attaching conditions in 
the interests of safety or radioactive waste management. 

32. European legislation in the form of Directives is transposed into the UK legal 
framework outlined above.  The most recent relevant European legislation is Council 
Directive 2009/71/EURATOM of 25 June 2009 establishing a Community framework 
for the nuclear safety of nuclear installations, which came into force in July 2011. 

33. ONR is an Agency of HSE, and is the principal regulator of the safety and 
security of the nuclear industry in the UK; its independence is secured legally through 
HSWA74.  ONR is mainly formed from three former bodies: the HSE Nuclear 
Directorate, UK Safeguards Office and Office for Civil Nuclear Security.  In addition, 
ONR recently took on the nuclear regulatory functions of the Department for 
Transport, by incorporation of the Radioactive Materials Transport Team.  It is the 
Government’s intention to enhance ONR’s independence by bringing legislation to 
make it a statutory corporation outside of HSE. 

Licensing  
34. Regulation of the safety of nuclear installations in the UK is through a system 
of control based on a licensing regime within which a corporate body is granted a 
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licence to use a site for specific activities.  This allows ONR to regulate the design, 
construction, operation and decommissioning of any nuclear installation for which a 
nuclear site licence is required under NIA65.  Nuclear site licences are granted for an 
indefinite term and a single licence may cover the lifetime of an installation. 

35. Through the delegation of powers, NIA65 allows HM Chief Inspector of 
Nuclear Installations to attach to each nuclear site licence such conditions as is 
considered necessary or desirable in the interests of safety, or with respect to the 
handling, treatment or disposal of nuclear materials.  ONR has developed a standard 
set of 36 Licence Conditions (LC), which are (with minor variations) attached to all 
nuclear site licences.  In the main, they require the licensee to make and implement 
adequate arrangements to address the particular safety areas identified.  The LCs 
provide the prime legal means for ONR’s day-to-day regulation of safety at licensed 
sites.  They do not relieve the licensee of the responsibility for safety.  They are 
mostly, but not exclusively non-prescriptive, setting goals that the licensee is 
responsible for achieving. 

36. One of the requirements of the LCs is that the licensees produce an adequate 
safety case to demonstrate that facilities are safe in both normal operation and fault 
conditions.  The safety case is a fundamental part of the licensing regime at all 
stages in the lifecycle of a nuclear installation.  It establishes whether a licensee has 
demonstrated that it understands the hazards associated with its activities and has 
arrangements to control them adequately. 

Design basis 
37. ONR has developed and published its own technical nuclear safety 
assessment principles, which it uses to judge licensees’ safety cases; these are set 
out in the Safety Assessment Principles for Nuclear Facilities (SAP) (Ref. 8).  The 
latest version of the SAPs, published in 2006, was benchmarked against extant IAEA 
safety standards.  In addition to the SAPs, more detailed Technical Assessment 
Guides (TAG) (Ref. 9), are available to ONR assessors to assist them in making 
judgements on licensees’ safety submissions.  The TAGs also incorporate the 
WENRA Reference Levels.  In the areas relevant to the Fukushima accident, the 
SAPs and TAGs set out regulatory expectations for protection against hazards such 
as extreme weather, flooding, earthquakes, fire, explosion etc., and for the provision 
of essential services. 

38. Specific SAPs and sections of the SAPs define ONR’s expectations for the 
development of a design basis. 

39. Design Basis Analysis (DBA) provides a robust demonstration of the fault 
tolerance of a facility and of the effectiveness of its safety measures.  Its principal 
aims are to guide the engineering requirements of the design and to determine limits 
to safe operation.  In this approach, risk is not quantified but the adequacy of the 
design and the suitability of the safety measures are assessed against deterministic 
targets. 

Fault analysis 
40. Conservative design, defence in depth, good operational practice and 
adequate maintenance and testing should minimise the likelihood of faults.  The DBA 
should ensure that the facility has been designed to cope with or withstand a wide 
range of faults without unacceptable consequences by virtue of the plant’s inherent 
characteristics or its safety features. 

41. In addition to DBA, Probabilistic Safety Analysis (PSA) is also generally used 
to confirm the overall risk presented by the NPP lies within targets set by the 
licensees themselves and by ONR in the SAPs (Ref. 8).  PSA can also help 
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understand the strengths and weaknesses of the design, particularly in light of the 
complex designs and interdependencies. 

42. DBA may also not include the full range of identified faults because it may not 
be reasonably practicable to make design provisions against extremely unlikely 
faults.  It may not therefore address severe but very unlikely faults against which the 
design provisions may be ineffective.  This is addressed by severe accident analysis. 

Severe accident management 
43. The principle of defence in depth requires that fault sequences leading to 
severe accidents are analysed and provision made to address their consequences.  
The analysis of severe accident events should be performed on a best-estimate 
basis to give realistic guidance on the actions which need to be taken in the unlikely 
event of such an accident occurring.  Severe accident analysis may also identify that 
providing further plant and equipment for accident management is reasonably 
practicable. 

44. All of the UK NPPs had DBA, PSA and severe accident analysis undertaken 
during their design or in a subsequent Periodic Safety Review (PSR).  The stress 
tests process effectively undertakes a targeted review of specific hazards, loss of key 
systems and severe accident studies in a systematic manner. 

Periodic safety review 
45. The UK has been undertaking safety reviews of its civil nuclear installations 
for many years as part of the regulatory process.  There has been a requirement for 
PSRs since the introduction of the standard nuclear site licence in 1990.  All nuclear 
installations are required to undertake a major safety review every ten years. 

46. The rationale for selecting ten years as the review period was chosen by 
many European Union (EU) Member States, on the basis of experience, as striking a 
balance between a period long enough to capture significant developments important 
to safety and any longer period where the loss of experienced staff by the operating 
and regulating organisations would lead to loss of continuity.  This rationale is 
illustrated in the IAEA Safety Guide ‘Periodic Safety Reviews of Nuclear Power 
Plants’, NS-G-2.10 (Ref. 10).  The legal basis for PSRs in the UK is embodied in the 
conditions that are attached to the nuclear site licence.  LC15 (Periodic Review) 
requires licensees to "make and implement adequate arrangements for the periodic 
and systematic review and reassessment of safety cases". 

47. The objectives of the PSRs are to: 

 review the total current safety case for the station and confirm that it is 
adequate against the original intent; 

 compare against current standards for new plant, evaluate any deficiencies 
and implement any reasonably practicable improvements to enhance plant 
safety; 

 identify any ageing process which may limit the life of the plant; and to 

 revalidate the safety case until the next PSR, subject to the outcome of 
routine monitoring by the licensee and regulation by ONR. 

48. In reviewing the total current safety case, which is the first objective, the 
licensee reaffirms the validity of the original safety case, reflecting on factors such as 
the: 

 original safety standards to which the plant was built; 
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 various engineering improvements introduced during the operational lifetime 
which have enhanced safety; and the 

 numerous safety assessments undertaken during the station's life. 

49. The second objective, to compare against current standards for new plant, is 
not straightforward.  Advances in scientific and engineering knowledge, coupled with 
experience during operation of all types of plant, generally contribute to 
improvements in safety standards and practices.  In many cases, this will be 
beneficial to existing plant.  For example, advances in scientific knowledge may be 
used to provide greater confidence in the continued safe operation of a plant.  
Therefore the review addresses all relevant advances in safety standards and 
practices.  Any significant shortcomings should be identified and any improvements 
which are reasonably practicable should be introduced. 

50. Another essential element of the review is for all structures, systems, or 
components (SSC) susceptible to ageing or wear-out to be reviewed, and failure 
mechanisms, together with any life-limiting features, identified.  These various factors 
then have to be evaluated, particularly for aspects that may eventually result in 
unacceptably reduced levels of safety, and ultimately dictate the safe working life of 
the nuclear installation. 

51. Finally, the PSRs confirm that the safety case will remain valid until the time 
of the next review, which is normally set at ten years.  As stated above, the PSRs 
complement the normal operational monitoring of safety, which is also regulated by 
ONR.  Therefore, although the PSRs may conclude that the safety case is adequate 
for another ten years, this will be dependent upon continuing satisfactory results from 
routine inspections.  Should any safety-related factor emerge in the interim period 
that may throw doubt upon the continuing validity of the safety case, this would 
require the licensee to resolve the matter to ONR’s satisfaction. 

52. The PSRs review the analysis of faults that could evolve into accidental 
sequences (initiating faults) and the defences available at the plant to mitigate the 
consequences.  The analysis includes the two complementary approaches of 
deterministic and probabilistic assessment.  A comprehensive fault schedule, which 
includes both internal initiating events as well as internal and external hazards, is the 
starting point of both deterministic and probabilistic safety analyses.  The 
deterministic approach is used in the analysis of DBAs to demonstrate the capability 
of the safety systems.  Analyses are also undertaken of more severe faults outside 
the design basis, which could lead to large releases of radioactivity.  This includes: 
analysis of the potential failures of the physical barriers to the release of radioactivity; 
analysis of the magnitude and characteristics of the releases; identification of the 
accident management strategies to reduce the risk, together with the necessary 
equipment, instrumentation and accident management procedures.  Level 2 PSAs 
were produced as part of the first PSRs (where PSAs did not already exist).  Whilst 
regulatory decisions will not be made on the basis of probabilistic analysis alone, 
PSAs provide an important aid to judging the relative importance of identified 
potential engineering shortcomings. 

53. The results of the PSRs have produced, and continue to produce, worthwhile 
improvements to safety.  Examples of improvement work that has taken place on UK 
NPPs as a result of the PSR process include: an additional feed system and 
electrical overlay system at Dungeness B and a back up feed system at Hinkley Point 
B.  These modifications are qualified against the 10-4 design basis level for external 
events which includes seismic and flooding.  

54. So far PSRs have revealed no factors seriously prejudicial to the continued 
operation in the foreseeable future of any operating nuclear installation.  However, 
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the first reviews identified many areas where improvements were both necessary and 
practical.  In some cases the licensees chose to close down the plant rather than 
invest in an upgrading programme.  The continuing programme of reviews remains a 
vital part of ONR’s monitoring of an operator's performance, and an essential input to 
any agreement by ONR to the continued operation of any nuclear installation. 

Continuous improvement 
55. This philosophy is at the core of the UK requirements for the nuclear industry 
through the application of the ‘as low as reasonably practicable’ (ALARP) legal 
requirement embodied in HSWA74, and is the way in which sustained high standards 
of nuclear safety are realised.  It means that, no matter how high the standards of 
nuclear design and subsequent operation are, the quest for improvement must never 
stop.  Seeking to learn from events, and from new knowledge and experience, is a 
fundamental feature of the safety culture of the UK nuclear industry. 

56. All UK nuclear site licensees have processes to assimilate, review and 
disseminate lessons learnt from significant events both in the UK and overseas.  
These arrangements are part of the continuous improvement and operation 
experience  feedback processes which are expected of all licensees. 

57. Licensees also participate in the continuous improvement programmes 
arising from their membership of the World Association of Nuclear Operators 
(WANO).  The participation of UK licensees in the work of WANO is not a regulatory 
requirement, but ONR encourages this and the licensees benefit from participation in 
this international programme which gives them access to a wide pool of shared 
experiences and peer-to-peer reviews. 

58. In normal circumstances, feedback from WANO peer reviews and evaluations 
required by WANO is not made available to ONR or other national regulators and 
such feedback is not requested.  In light of the extraordinary circumstances of the 
Fukushima event, the output from the WANO-sponsored evaluations from the major 
NPP licensees was voluntarily made available to ONR.  Two mandatory evaluations 
were undertaken by the licensees to review the scope and implementation of the 
external hazards safety cases within the design basis and to review beyond design 
basis hazards.  The work undertaken in these evaluations provided confidence to the 
licensees and to ONR that the existing safety cases were secure at a time of high 
concern, and also provided information in support of the subsequent stress tests 
process. 

General data about the UK sites and NPPs 
59. This report covers those licensed sites in the UK that contain operational 
NPPs or decommissioning NPPs that are in the process of de-fuelling (referred to as 
de-fuelling sites) as defined in the Convention.  

60. There are other licensed sites in the UK where the decommissioning of NPPs 
has reached a stage where irradiated fuel has been removed from the reactor(s) and 
fuel storage pond(s) for off-site reprocessing or storage.  These sites are not 
considered within this report other than where they are located adjacent to an 
operational or decommissioning NPP that contains irradiated fuel. 

61. The UK predominantly uses gas-cooled reactors that employ CO2 gas to take 
away heat from the fuel elements in the reactor core.  The CO2 gas then heats water 
in boilers to generate steam for the turbines.  There are two types of gas-cooled 
reactor operating in the UK, namely Magnox reactors and Advance Gas-cooled 
Reactors (AGR).  The currently operating gas-cooled reactors have characteristics, 
such as low power density relative to the heat capacity of the large mass of the 
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graphite moderator and single phase coolant, that results in them having long 
timescales before fuel damage can occur in the event of loss of post-trip cooling.  

62. The UK nuclear power industry does not have a Boiling Water Reactor, such 
as those involved in the events at Fukushima, and only one Pressurised Water 
Reactor (PWR) at Sizewell B in Suffolk. The PWR used at the Sizewell B NPP is 
based on a Westinghouse four-loop plant referred to as a standardised nuclear unit 
power plant system (SNUPPS) design.  SNUPPS originated in the USA in the 1970s 
and was supplied by Atomic Power Construction.  The modifications to the SNUPPS 
design for the PWR at Sizewell B include additional redundancy and diversity in the 
reactor protection systems and a passive emergency boronation system. 

63. The operational NPPs are operated by EDF Energy Nuclear Generation 
Limited (EDF NGL), the licensee, at Dungeness B in Kent, Hartlepool in Teesside, 
Heysham 1 and Heysham 2 in Lancashire, Hinkley Point B in Somerset, Hunterston 
B in Ayrshire, Sizewell B in Suffolk and Torness in Lothian, and by Magnox Limited 
(the licensee) at Wylfa in Anglesey. 

64. These operational NPPs are all twin reactor units, with the exception of the 
PWR at Sizewell B which is a single reactor site.  The NPP at Wylfa has one 
operational Magnox reactor while its other Magnox reactor is permanently shut down. 
Magnox Ltd also operates a recently shutdown NPP at Oldbury in South 
Gloucestershire.  Whilst this reactor is shut down, the reactor core still requires active 
cooling and is not currently undergoing de-fuelling.  

65. The de-fuelling sites are operated by Magnox Ltd (the licensee) at 
Chapelcross in Dumfries and Galloway, Dungeness A in Kent, and Sizewell A in 
Suffolk.  The de-fuelling site at Calder Hall in Cumbria is operated by Sellafield Ltd 
(the licensee). 

66. These de-fuelling sites have either four or two reactor units, which are 
permanently shut down.  

67. The operational NPPs and de-fuelling sites are: 

 Situated in coastal locations, with the exception of Oldbury which is next to 
the River Severn, and Chapelcross which is 5km (approx.) north of the 
Solway Firth.  

 Electricity generated at the NPPs is transmitted via overhead lines operated 
by National Grid Electrical Transmission Ltd prior to distribution for industrial, 
commercial and domestic use.  The location of the sites has generally been 
dictated by planning considerations and the close proximity of a water source 
to provide an ultimate heat sink. 

 The distance from centres of civil population varies between NPPs with most 
UK NPP being remote from major centres of civil population. However, the 
Heysham and Hartlepool sites are both in close proximity to relatively highly 
populated areas.  

68. There are currently nine operational NPPs, one shut down NPP and five de-
fuelling sites in the UK.  The geographical location of these sites is shown in Figure 
1, below. 
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Figure 1: Map of UK Showing the Location of NPP Sites 

69. The main characteristics of operational NPPs and de-fuelling sites in the UK 
are shown in Table 1. 
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Table 1: Main Characteristics of UK Nuclear Power Stations and De-fuelling Sites 

NPP / De-
fuelling site 

Reactor type Status 
Number 

of 
reactors 

Thermal 
power per 

reactor 

Date of start 
of 

construction 

Date of first 
criticality 

Calder Hall Magnox 
 

De-fuelling 4 260MW1 1953 22 May 1956 for R12 

 01 February 1957 for R22,3 

16 June 1958 for R32,3 

02 April 1959 for R42,3 

Chapelcross Magnox 
 

De-fuelling 4 260MW4 1955 09 November 1958 for R15 

30 May 1959 for R25 

31 August 1959 for R35 

22 December 1959 for R45 

Dungeness A Magnox 
 

De-fuelling 2 840MW 1960 30 August 1965 for R1 

06 December 1965 for R2 

Sizewell A Magnox 
 

De-fuelling 2 840MW6 1960 20 January 1966 for R17 
26 May 1966 for R27 

Oldbury Magnox Shutdown  2 820MW 1961 16 August 1967 for R18 
19 November 1967 for R28 

Wylfa Magnox Operating (R1) 
Shutdown (R2) 

2 1600MW 1963 16 January 1971 for R1 
29 June 1971 for R2 

Dungeness B AGR Operating 2 1550MW 1965 04 December 1982 for R21 
23 December 1985 for R22 

Hinkley Point B AGR Operating 2 1320MW9 1967 01 February 1976 for R4 
24 September 1976 for R3 

Hunterston B AGR Operating 2 1320MW9 1967 31 January 1976 for R3 
27 March 1977 for R4 

Heysham 1 AGR Operating 2 1575MW 1970 01 April 1983 for R1 
01 April 1983 for R2 

Hartlepool AGR Operating 2 1575MW 1965 24 June 1983 for R1 
20 August 1984 for R2 

Torness AGR Operating 2 1700MW 1979 25 March 1988 for R1 
30 December 1988 for R2 

Heysham 2 AGR Operating 2 1700MW 1980 23 July 1988 for R7 
01 November 1988 for R8 

Sizewell B Westinghouse 
SNUPP10 

PWR 

Operating 1 3444MW 1988 31 January 1995 

1. The thermal power of each reactor at the Calder Hall site is currently about 10kW which comprises residual decay 
heating originating from radioactive by-products of the fission process.  By comparison, the thermal power of each 
reactor was nominally 250MW during generation. 

2. All four reactors at the Calder Hall site have been permanently shut down.  Reactors 2, 3 and 4 ceased operation in 
September and October 2001 while Reactor 1 was shut down on 31 March 2003. 

3. The dates for Reactors 2, 3 and 4 at Calder Hall are for the first time at 100% at-power operation, which is understood 
to be 3 months (approx.) after first criticality in each case. 

4. The thermal power of each reactor at the Chapelcross site is currently about 10kW which comprises residual decay 
heating originating from radioactive by-products of the fission process.  By comparison, the thermal power of each 
reactor was nominally 250MW during generation. 

5. All four reactors at the Chapelcross site have been permanently shut down since 31 August 2001 (R1), 17 February 
2004 (R2), 17 May 2003 (R3) and 14 February 2003 (R4). 

6. The thermal power of each reactor at the Sizewell A site is currently about 40kW which comprises residual decay 
heating originating from radioactive by-products of the fission process.  By comparison, the thermal power of each 
reactor was nominally 800MW during generation. 

7. Both reactors at the Sizewell A site have been permanently shut down since 31 December 2006. 
8. R2 at Oldbury NPP was permanently shut down on 1 July 2011 and R1 was shut down on 29 February 2012. 
9. The AGRs at Hinkley Point B and Hunterston B NPPs have each been adjusted to a limit of 70% of full load due to 

boiler temperature restrictions. 
10. Standardised nuclear unit power plant system 



 

Topic 1 – External Events 

 

The combined effects of the March 2011 earthquake and tsunami in Japan 
presented significant challenges to the NPPs.  It is important to establish 
appropriate protection from natural phenomena.  Events such as earthquakes, 
floods, extreme weather conditions (hurricanes, tornadoes, snow loads, etc.), 
and external fires should be considered.  
 
Under this topic, Contracting Parties are expected to report on analysis 
undertaken to re-evaluate the safety of existing or proposed NPPs, taking into 
consideration the hazards of catastrophic external events.  To the extent 
possible, the Contracting Parties should include information on models and 
state of the art analyses performed or planned.  Significant findings and new 
preventive measures proposed and/or implemented to protect the NPPs against 
these hazards should be described.  The National Report should also provide 
information on the treatment of events beyond the current licensing basis of the 
NPPs. 

1. Overview of external event analysis performed in the UK 

70. All UK licensees have provided submissions against the ENSREG stress test 
specification (Ref. 4).  The ENSREG stress test specification required all European 
operators to demonstrate that: 

 The existing design basis definition of external hazards is well founded and is fit-
for-purpose. 

 The existing safety cases are robust and adequate at the design basis level. 

 There is safety margin beyond the design basis either by virtue of conservatisms in 
methodology or over-design. 

71. In areas where this cannot be demonstrated the licensees should have proposed 
additional analysis, plant enhancements or improved arrangements to address this 
shortfall. 

72. The UK design basis criterion for natural hazards is defined in the SAPs (Ref. 8) 
as conservatively having a frequency of exceedance of less than 1 in 10,000 years (10-4 

per year or ‘pa’).  UK licensees approach is to provide at least one line of protection 
(bottom line) against this hazard level (termed “infrequent event”) and two lines of 
protection (second line) against less onerous, but more frequent events (termed “frequent 
events”) typically having an exceedance frequency of 10-2 to 10-3 pa.  The philosophy of 
targeting an event with an annual probability of 10-4 pa on a conservative basis is 
considered adequate by ONR and is in line with IAEA guidance.  The SAPs also require 
consideration of ‘cliff-edge’ effects. 

73. This section summarises the licensee submissions against the external hazard 
sections of the ENSREG stress test specifications, provides the licensees conclusions 
and gives ONR’s view on the licensees’ submissions.  This topic area is broken down into 
four subsections: earthquakes, flooding, extreme weather and external fire.  Each of which 
is considered in turn below. 

Earthquake 
74. With the exception of Heysham 2, Torness and Sizewell B, there was no provision 
for earthquakes in the original design of the SSCs in UK NPPs.  Post-construction 
evaluations of the hazard and the ability to withstand it were undertaken as part of the 
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PSR process.  This has been an ongoing process from the late 1980s to date, and a 
considerable effort has been made to improve the robustness against seismic loading 
during this time.  This initially focussed on an understanding of the most safety-critical 
SSCs and has progressively been refined to reach the position of a stable safety 
justification.  Improvements to the robustness of safety-critical SSCs have been 
undertaken, where it has been demonstrated to be reasonably practicable to do so. 

Design basis 

Earthquake against which the plants are designed 
75. The methodology used to derive the seismic hazard for all of the sites is virtually 
identical.  It was developed in the late 1980s under the auspices of Central Electricity 
Generating Board (CEGB) by a body known as the Seismic Hazard Working Party 
(SHWP).  The methodology developed is a logic tree approach.  The outputs are termed 
Uniform Risk Spectra, produced for a range of return frequencies and for different 
confidence levels.  The values used for the Design Basis Earthquake (DBE) are the 10-4 
pa probability of exceedance with a confidence of “expected”. 

76. The historical database of UK earthquakes has been developed listing events back 
as far as the year 1100, with detailed instrumented events available from the past 30 
years.  This database has been used to develop recurrence relationships for use in the 
seismic hazard studies.  The seismic hazard in the UK is relatively low as it is far from any 
major fault, nor is it near the edge of any tectonic plate.  Seismicity in the UK is not 
uniform, with the majority of events occurring on the western side of the country.  
However, the largest known UK event is the 1931 Dogger Bank event with a local 
magnitude of 6.1. 

77. The target demand against which the second line of protection is qualified is the 
broad band Principia Mechanica Ltd spectrum at 0.1 g Peak Ground Acceleration (pga).  
Where this is not reasonably practicable, a Uniform Risk Spectra with an annual 
probability of exceedance of 10-3 pa or other appropriate exceedance frequencies is used. 

78. The values of the pga for the DBE (10-4 pa) for the sites under consideration in this 
report are given in Table 2 below. 

 
Table 2: pga for DBE on UK sites 

Site 
pga for the DBE 

(g) 

Calder Hall 0.25 

Chapelcross 0.25 

Dungeness A and B  0.21 

Hartlepool 0.17 

Heysham 1 and 2 0.23 

Hinkley Point B 0.14 

Hunterston B 0.14 

Oldbury 0.16 

Sizewell A and B 0.14 

Torness 0.13 

Wylfa 0.18 
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79. The UK licensees consider that the SHWP methodology for deriving design basis 
events is “robust, has appropriate conservatisms, margins and sensitivity studies 
employed”.  They also consider that the periodic review process has ensured that the 
approach has been confirmed as adequate. 

Provisions to protect the plants against the design basis earthquake 
80. For gas-cooled reactor plants the most critical elements in the seismic safety case 
relate to ensuring that the pressure boundary is maintained.  In order to promote natural 
circulation, there is a need to ensure that the CO2 in the pressure vessel is maintained at 
pressure, and that the core geometry is maintained sufficient to allow the natural 
circulation of the CO2 gas.  The components required include the pressure vessel 
penetrations, extended runs of small bore pipe-work and seals on the gas circulators.  It 
should be noted that for Dungeness B, Wylfa and Oldbury, the gas circulator drive 
systems are outboard of the Pre-stressed Concrete Pressure Vessel (PCPV), therefore 
maintenance of the gas circulator seals requires active systems to be available and 
associated power supplies.  Whereas for the other AGR stations the gas circulators are 
contained within the PCPV, with support systems external. 

81. The seismic safety cases presented for the gas-cooled reactor plants are broadly 
similar in nature, however due to the different demands and systems available there are 
some subtle but important differences.  Dungeness B, Wylfa and Oldbury rely solely on 
natural circulation and a sufficiently intact pressure boundary.  The remaining AGR 
stations also rely on natural circulation however should the pressure drop below certain 
limits the ability to use forced circulation is claimed.  The safety case for forced gas 
circulation involved the qualification of a considerable amount of plant and equipment, 
including Gas Turbines (GT), electrical distribution systems, gas circulator control, cooling 
and lubrication equipment. 

82. The shutdown cooling case is broadly similar to the at-power case, however for the 
AGRs particular considerations are required to ensure that the pressure boundary can be 
re-sealed and pressurised.  Additional SSCs are required to allow these resealing works 
to be undertaken, and these have been qualified against the DBE.  In addition, it is 
confirmed that there is sufficient CO2 stock to re-pressurise a single shutdown and 
depressurised reactor. 

83. The development of the seismic safety case for Sizewell B and the qualification of 
plant and equipment was undertaken as part of the overall design process.  During the 
design process the interaction from local plant and equipment on to safety-critical SSCs 
was considered.  The design of the containment is primarily governed by the overpressure 
case, and the margin against seismic loading is therefore very large.  It is stressed that 
the safety-critical SSCs have all been demonstrated to be adequate against a 0.2 g event, 
and some to a 0.25 g event, however the design basis for the plant is set at 0.14 g. 

84. UK reactors do not have automatic seismic shutdown systems.  If the reactor does 
not shut down automatically in response to a normal trip signal, the operator is required to 
do so in response to a signal from the seismic monitoring system. Operators are also 
required to shut down if plant damage is suspected or if an event has been felt but the pga 
cannot be demonstrated to be below 5%g within 12 hours (i.e. if the seismic monitoring 
equipment has not functioned properly and/or other means of event estimation are 
employed). 

85. The fuel routes for the operational gas reactors have been examined in some 
detail, including cooling ponds and dry fuel stores.  These have been demonstrated to be 
robust against the design basis event, although their cooling systems have not.  There are 
some ponds where the margin to failure at the DBE is relatively small.  Arguments have 
been presented by the licensee for low leakage rates and times to provide additional 
water into these ponds along with the relatively long time for temperatures to reach a 
position where boiling will occur.  It should be noted that failure of the pipe-work 
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associated with the pond water cooling systems will not result in a pond drain down, and 
sloshing effects are minor. 

86. The Sizewell B cooling ponds were designed specifically against seismic loading, 
including sloshing and the effects on the fuel racks.  Some sliding and rocking of the fuel 
racks is considered possible, however there will be no overturning.  The pond cooling 
system is not seismically qualified; however the ensuing transient following a loss of the 
cooling system has been shown to be acceptable.  Damage to the pond cooling system 
cannot result in a drain down of the pond.  There are three make-up systems to the 
cooling pond, one of which is seismically qualified. 

87. The stage in the lifecycle of the de-fuelling reactor plants means that the main 
requirements are for the main structures (reactor building, bio-shield, steel pressure 
vessel and core) to remain substantially intact.  There are limited requirements for 
systems to be available as the cooling requirements are minimal.  Avoiding large 
disruption to the fuel, either in core or in pond and waste facilities is the main focus of the 
seismic safety case.  The review of the current design basis for the Magnox plants has 
shown that there is limited margin between the design and design basis event however 
this is of limited concern considering the hazard presented by these facilities. 

Compliance of the plants with its current licensing basis 
88. Following the Fukushima accident, EDF NGL undertook a series of inspections to 
confirm compliance with hazards safety cases.  EDF NGL reports that “no major shortfall 
was identified, however there were a number of conditions highlighted with the walk-
down”.  A review of some reports, suggests over 100 housekeeping issues were raised, 
however EDF NGL claim that none of these “undermine the functionality of the plant”.  In 
addition there are a series of areas where interim justifications have been made or current 
condition justified.  The reports of inspections have confirmed that the plant condition is as 
expected, with a number of housekeeping issues. 

89. EDF NGL has stated that “the robustness of the plant against design basis 
earthquakes is considered to be appropriate”.  However, they have recognised that there 
are some areas where there are ongoing actions to improve and secure the further 
robustness of the plant.  EDF NGL has stated that the corporate guidance on seismic 
housekeeping needs to be improved to provide better guidance to the individual stations. 

90. Magnox Ltd provided a summary of the processes to ensure that the safety-critical 
SSCs remain available.  These are based on maintenance arrangements, procedures for 
the control of modifications and the periodic safety review process.    

91. Magnox Ltd has also completed a number of plant walk-downs following the 
Fukushima event to confirm that there were no significant shortfalls in the availability of 
plant and equipment claimed in the seismic safety case.  Further inspections have now 
been complete with a view to better understanding the capability of SSCs to beyond 
design basis events. 

92. Sellafield Ltd has provided a summary of the processes to ensure that the 
safety-critical SSCs remain available.  These are based on maintenance arrangements, 
procedures for the control of modifications and the periodic safety review process. 

Evaluation of safety margins 

Range of earthquake leading to severe fuel damage 
93. In order to determine a margin to severe fuel damage for the AGRs, EDF NGL has 
discussed typical fragility curves and drawn some general conclusions over likely margins 
beyond the design basis.  The main argument is that the likelihood of failure of structures 
and plant follow fairly typical patterns of behaviour, where the conditional probability of 
failure can be defined as a function of the ground acceleration.  The progression of the 
probability of failure with ground acceleration is smooth without abrupt steps.  The broad 
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claim based on a “typical” component is that if it is assumed the item has a unit margin at 
the DBE with high confidence of a low probability of failure, then the margin against failure 
at the 50% probability level is 2-3 times the DBE. 

94. As the most recent power station designed and built in the UK, Sizewell B had a 
more comprehensive PSA developed than the earlier AGRs.  The Sizewell B PSA 
included a seismic PSA model.  The importance of seismic loading to the overall risk 
levels of core damage as estimated in the living PSA is around 20%.  It is further argued 
that there is not an identified cliff-edge effect until a hazard return frequency of 10-7 pa is 
reached. 

95. For operational Magnox reactors, two critical areas were identified that are 
required to prevent fuel damage, these are; the integrity of the graphite core itself and the 
maintenance of the pressure boundary sufficient to support natural circulation.  While 
Magnox Ltd has not provided any definitive figures for the resilience beyond the design 
basis, some broad statements have been made and arguments presented to demonstrate 
that there is no cliff-edge immediately beyond the DBE. 

96. For the de-fuelling reactors, no concerns have been raised over the likelihood of 
sufficient disruption to cause re-criticality of the cores, however severe disruption to the 
structures is possible for levels of event only marginally greater than the DBE, although 
this has not been quantified. 

Range of earthquake leading to loss of containment integrity 
97. The gas-cooled reactors do not have a “containment” in the terms that the stress 
test specification has been written.  The primary pressure boundary acts as the 
containment however there is no separate containment structure.  The focus of the stress 
test evaluation has therefore been on maintaining the pressure boundary of the PCPV or 
the steel vessel for the de-fuelling reactors which is discussed above. 

98. Sizewell B has a designed containment in line with the intentions of the ENSREG 
stress tests for water reactors.  The licensee has not provided an estimate of the pga level 
at which failure of the containment is envisaged, however it is suggested that, at a return 
frequency of 10-7 pa, the containment would suffer some damage.  This would be at a 
level significantly above the DBE. 

Flooding 
99. The UK NPP licensees, through the stress test process, have aimed to 
demonstrate that UK sites are protected against severe flooding events including 
tsunamis.  The approach taken for flooding is that:  

 Protection from the sea at the Design Basis Flooding (DBF) level is provided by 
sea-wall / dunes and / or site platform level.  Where wave overtopping occurs, this 
is limited and is accommodated by site drains behind the sea wall and site 
topography that naturally drains excess water away from the safety-related 
buildings. 

 Protection from severe rainfall is accommodated by site drains and site topography 
that naturally drains excess water away from the safety-related buildings.  Any 
ponding on-site is accommodated by building basemat up-stands and any limited 
water entry to basements etc. can be pumped out. 

 Important safety-related equipment relevant to flood protection is identified and will 
remain available following a severe flooding event.  This is similar to equipment 
that protects against other fault sequences and typically includes: trip, secondary 
cooling, electrical supplies, and primary cooling (forced and natural circulation). 

100. Further, the HM Chief Inspector’s Final Report (Ref. 2) produced a detailed annex 
(Annex G) on the flood risk to existing UK nuclear installations.  This annex provides 
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information on the flood risk to UK nuclear licensed sites, from tides, storm surge, rainfall 
and river flow, tsunami and climate change.  Information is provided for each site 
comparing flood defences against DBF levels.  

101. De-fuelling reactor sites, that are controlled by Magnox Ltd and Sellafield Ltd, have 
trivial cooling requirements in-core and in-pond compared with operating sites.  The need 
for active cooling systems does not exist and passive cooling and containment is in place.  
Active pond water top-up and active effluent treatment plants remain operational, but the 
nuclear safety implications of these becoming unavailable are not significant.  Flood 
hazard therefore is generally considered to be an insignificant hazard at these sites and is 
not considered further within this report.  

Design basis 

Flooding against which the plants are designed 
102. The licensees for all UK NPPs have provided evidence of site-specific flood 
analysis and most provide details of methods, contractors and data sources; these differ 
between sites.  These are based on demonstrating robustness against a 10-4 DBE with 
minimum impact.  The EDF NGL reports state that the existing flood hazard analyses for 
their sites exist but have been undertaken at various times using different methods and 
data; they are not therefore uniformly consistent.  In addition, Recommendation IR-10 
from HM Chief Nuclear Inspector’s Final Report (Ref. 2) recognises the importance of 
individual sites re-analysing their DBF levels in light of the experience from the Fukushima 
accident.  Consequently there is a ‘Consideration’ in each EDF NGL stress test report to 
do this.  Notwithstanding the comments above, EDF NGL concludes that their existing site 
flood hazard analyses are robust and remain fit-for-purpose. 

103. At all sites, flooding resulting from snowfall is claimed not to be significant or to be 
bounded by extreme rainfall.  However, the design basis snowfall is under review at 
several sites. 

104. Magnox Ltd and Sellafield Ltd have flood analyses that are less detailed and more 
dated.  For example, Wylfa and Oldbury identify areas where their methodologies may not 
meet modern standards, notably in the use of old data and the lack of site specific explicit 
tsunami analysis.  The latter is nevertheless bounded by the comprehensive UK review 
undertaken in the last 10 years.  The licensees acknowledge that the DBF values have 
not been reviewed against updated methods and data but consider that the safety cases 
remain fit-for-purpose. 

105. Climate change is addressed for all sites and generally found not to be significant 
over the remaining operating lives of the stations.  It is noted that climate change will 
continue to be covered in future PSRs. 

Provisions to protect the plants against the design basis flood 
106. Flood protection arrangements for UK NPPs vary between sites; these are sea 
wall and / or sand dunes plus associated drainage to protect against high sea levels, and 
site drainage plus site topography to protect against rainfall. For some sites, active site 
drainage is claimed where pumping of surface run-off water is possible.  Most sites also 
identify that any water ingress to main building basement areas can be pumped out. 

107. Licensees nuclear safety principles for operating reactors do not class flood 
defences such as sea walls, drains, etc. as part of a line of protection, even though these 
devices may provide the principal defence against flood hazard. 

108. The AGR pond structures are generally located at about ground level in the 
nuclear island with sump pumps and drains at basement level.  If the nuclear island were 
to be flooded then elements of the cooling system could be affected leading to loss of 
pond cooling.  There would however be no immediate threat to safety and there would be 
some time (many days) available to restore cooling prior to the onset of pond boiling.  
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Should boiling occur, the resultant temperatures could lead to some cracking in the pond 
civil structures with the possibility of some water loss. 

Plants compliance with their current licensing basis 
109. Following the stress test review, no deviations from the licensing basis were 
identified at any reactor sites, although some sites have identified extant findings related 
to flooding from their periodic safety review arrangements.  As an example, Heysham 1 
has identified certain additional flood mitigation actions concerning checking site and roof 
drains that need to be entered on to the LC28 (Examination, Inspection, Maintenance and 
testing) maintenance schedule required under the site licence.  Their licensing 
arrangements will ensure this occurs. 

110. All UK sites state that flood protection devices are entered on a maintenance 
schedule and subjected therefore to routine inspection and maintenance.  All sites make 
reference to the existence of procedures to modify safety cases where these are relevant 
to flood safety, and to a periodic safety review process. 

Evaluation of safety margins 

Estimation of safety margin against flooding 
111. Most of the UK NPPs claim large indicative margins before flooding could 
significantly impair essential safety-related plant.  Evidence for this is presented by 
comparing DBF levels, sea wall levels / ponding levels and the heights of important 
safety-related plant. 

112. All sites have undertaken a further evaluation process in response to a WANO 
recommendation to examine the ability of the site to withstand beyond design basis 
flooding events. 

Extreme weather 
113. Depending on date of construction, not all stations were designed against the 
current UK design basis criterion of 10-4 pa exceedance frequency.  Furthermore not all 
extreme weather conditions were recognised as safety-significant hazards for which a 
design basis definition was appropriate.  However as part of the PSR process, safety 
cases have been developed for extreme meteorological hazards and plant modifications 
implemented to achieve this design basis standard. 

114. This section discusses operational NPPs as extreme weather presents a limited 
hazard to non operational stations. At the de-fuelling sites, fuel in the reactors and ponds 
can be cooled by passive means; therefore the licensees consider that there are no 
envisaged scenarios where extreme weather conditions could threaten the integrity of 
fuel. 

Design basis 

Extreme Weather against which the plants are designed 
115. The approach taken to address extreme weather has been to consider each 
weather hazard in turn and determine what essential safety functions are relevant and 
what systems need to be qualified against the hazard to deliver the safety functions.   The 
following hazards are considered below: lightning, drought, wind, extreme air temperature, 
extreme sea temperature, snow and combinations of the above. 

Lightning 

116. For the AGRs the discussions on lightning within its reassessment are limited 
because they are difficult to quantify and do not have formal hazard safety cases.  
Provisions were made in the original design of the AGR stations to protect against 
lightning but this was not assessed in the original safety reports.  The PSR process has 
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recognised this as a shortfall and formal hazards safety cases for lightning are currently 
being developed. 

117. The bounding design basis hazard for lightning for Sizewell B is defined as being a 
current of 290 kA and a rate of current rise of 340 kA/s at a design basis frequency of 
10-4 pa.  EDF NGL states that the lightning protection system for building structures has a 
capacity well in excess of the design basis level of 10-4 pa peak currents although the 
actual margin is not specified. 

Drought 

118. EDF NGL notes that hotter dryer summers resulting from climate change may give 
rise to greater risk of drought but does not consider this to be of immediate concern to the 
timescales of drought affecting the station. 

119. For the AGRs, there has been no formal consideration of the effect of drought on 
station operation within the original safety case.  The PSR process has recognised this as 
a shortfall and formal hazards safety cases for drought are currently being developed. 

120. For Sizewell B, EDF NGL considers that this hazard is not amenable to 
quantification and no numerical design basis level has been defined.  EDF NGL judges 
that the hazard assessment remains appropriate for Sizewell B, but needs to be kept 
under review through the PSR process. 

Wind 

121. The original design basis for wind loading at earlier gas-cooled reactor sites was 
against a severity corresponding to a frequency of exceedance of 1 in 50 years.  As part 
of the PSR process, extreme wind safety cases have been developed to demonstrate 
reactor protection against an extreme wind having 10-4 pa of frequency of exceedance.  
Heysham 2 and Torness power stations were designed against the relevant standard at 
that time for a frequency of exceedance of 10-4 pa, and reviewed as appropriate during the 
PSR process.  Wind-borne missiles are considered as part of these safety cases. 

122. EDF NGL has assessed the threat posed by tornados in the UK.  Studies indicate 
that the tornado hazard is likely to be bounded by the straight line wind hazard in the north 
of the UK, whereas this might not be the case in the south.  Recent studies indicate that 
the magnitude of the tornado threat might have been underestimated and EDF NGL has 
raised ‘Considerations’ to reassess the tornado hazard across all UK AGRs. 

123. Prediction of future climate change is relevant to the extreme wind hazard.  Major 
studies commissioned by EDF NGL, considering a range of emission scenarios predict an 
increase in the average winter wind speed and a possible increase in average summer 
wind speed over the UK.  EDF NGL’s climate change adaption report concluded that apart 
from keeping under review the projections for climate change, no specific actions were 
required relating to wind.  The effects of climate change will continue to be managed 
through the existing PSR process. 

124. The bounding design basis hazard for extreme wind at Sizewell is defined as a 
wind speed of 60.2 m/s at an exceedance frequency of 10-4 pa.  The effect of recent 
changes to code standards is currently under review as part of the second PSR (PSR2) 
process.  Preliminary indications are that recent code changes should not affect current 
claims.  EDF NGL has assessed the threat posed by tornados in the UK and has 
concluded that tornados are not as severe as those in the United States, for which the 
SNUPPS reactor was designed. 

125. Magnox Ltd has stated that the PSR process has ensured that existing structures 
continue to meet modern standards or buildings have been strengthened to ensure they 
meet their design duty.   
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Extreme ambient temperature – air 

126. EDF NGL has stated that locally available temperature records have been used to 
derive the design basis extreme ambient air temperatures.  The local data has been 
subject to extreme value analysis to derive design basis air temperatures corresponding 
to an exceedance frequency of 10-4 pa.  These have been reviewed as part of the PSR 
process.  EDF NGL has raised a ‘Consideration’ to monitor and review extreme ambient 
temperatures following the publication of the climate change adaption report and consider 
these for all stations. 

127. For Magnox NPPs the exceedance frequency has not been evaluated.  For Wylfa, 
the design basis temperatures are not explicitly specified within their submission against 
the stress test specification but ONR understands that the extreme ambient air 
temperatures considered by the Wylfa safety case cover the range -16°C to 37°C. 

Extreme ambient temperature – sea 

128. Extreme low or high sea temperatures can affect both the operational and safety-
related characteristics of an NPP.  Safety-related effects include exceedance of design 
limits of safety-related heating, ventilation and air-conditioning (HVAC) equipment and 
overcooling or potential freezing of water in safety-classified cooling water systems. 

129. EDF NGL have stated that the design basis minimum sea temperature 
corresponding to an exceedance frequency of 10-4 pa is quoted as -2°C to -3°C depending 
on the station.  EDF NGL considers that even if surface ice forms, the cooling water 
intakes are sufficiently deep to be unaffected by surface ice.  EDF NGL has reviewed 
these values and considers them to be appropriate.  The effect of climate change will be 
monitored as part of the PSR process. 

130. Magnox Ltd notes that sea temperatures are generally between 5-15°C with air 
temperature never being lower than 0°C for long periods.  Magnox Ltd has stated that the 
safety case does not in general depend on precise ambient temperature values; the 
primary protection being via actions taken in anticipation of extreme conditions. 

Snow 

131. The original design basis, for the AGRs, for snow loading is not clear, but snow 
hazards have been reviewed as part of the PSR process and only minor shortfalls of low 
safety significance have been identified.  However, EDF NGL has raised a ‘Consideration’ 
to assess whether a snow loading hazard case is required and whether all aspects of the 
snow hazard, such as snow drifting, have been considered. 

132. For Sizewell B, the design basis snowfall depth, with a 10-4 pa frequency of 
exceedance is calculated as 0.543 m and allowance is made for drifting conditions.  EDF 
NGL has reviewed the design basis for snow loading, and although there have been 
changes in prediction of snow depths at the 10-4 per year extreme level, and also design 
code revisions, the design basis remains appropriate for the foreseeable future.  This will 
be kept under review through the PSR process. 

133. With regard to snow, Magnox Ltd’s safety approach is to ensure that at least one 
engineered line of reactor cooling is justified (where required). 

Combinations 

134. Hunterston B and Hinkley Point B have completed a systematic review of 
combined hazards and, in general, concluded that the majority of combinations involving 
weather events lead to consequences no worse than those arising from individual 
hazards, although it is recognised that combined hazards may impact adversely on issues 
such as site access.  EDF NGL considers that these conclusions are broadly applicable 
across all of its AGRs although specific combinations have been considered at various 
stations.  EDF NGL has raised a ‘Consideration’ for all stations to consider whether all 
credible combinations of hazards have been assessed. 
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135. For Sizewell B, EDF NGL has assumed that each of the extreme design basis 
hazard levels can occur concurrently, with the exception of high wind and low air 
temperature. 

136. Magnox Ltd notes that, during the last PSR, potential combinations of weather 
conditions were considered.  The PSR confirmed that there was no instance in which the 
combined hazards gave rise to more onerous conditions than when the hazards were 
considered individually. 

Evaluation of safety margins 

Estimation of safety margin against extreme weather conditions 
137. For the AGRs, EDF NGL has stated that the current hazards safety cases do not 
provide sufficient information to enable an estimation of the difference between the design 
basis condition and those conditions that would seriously challenge the reliability of the 
protection plant and equipment. 

138. For extreme ambient temperature, EDF NGL notes that a safety margin has not 
been defined because analysis has not been done to determine at what temperature plant 
will begin to fail beyond the design basis.  As the temperature at which plant fails is not 
known, no explicit understanding of any cliff-edges is available.  EDF NGL has raised a 
‘Consideration’ to define the safety margin to equipment failure against extreme ambient 
temperature, including consideration of the consequences of loss of grid for an extended 
period and the ability to prevent freezing.  The ‘Consideration’ includes the effects of 
extremely low ambient temperature on temperatures within buildings when both reactors 
are shut down. 

139. With regard to wind hazard, EDF NGL notes that nuclear safety-related structures 
have been assessed against the extreme wind hazard in accordance with the provisions 
of the relevant design codes.  Appropriate load and material safety factors have been 
applied, characteristic lower bound material strengths have been adopted and hence the 
structures will exhibit essentially elastic behaviour.  Without carrying out non-linear stress 
analysis and detailed consequences of failure studies for individual buildings, it is difficult 
to establish what level of increase in design basis load would result in loss of safety 
function.  EDF NGL has raised a ‘Consideration’ to define the safety margin to equipment 
failure due to extreme wind, either directly or as a result of building failure. 

140. For Sizewell B, EDF NGL has argued that the justifications of the plant against 
extreme weather will extent to the 10-8 pa level and therefore demonstrating that there are 
no cliff-edge effects just beyond the design basis. 

141. When considering extreme wind, it is highlighted that Sizewell B’s design is based 
on the SNUPPS design: and the SNUPPS plant is designed to withstand a severe tornado 
including missiles with a rotational plus translational wind speed of 161 m/s which is well 
in excess of the 10-8 pa wind speed and associated missiles.  While such (low) estimates 
of exceedance frequency may be of questionable accuracy, there is considerable margin 
beyond the design basis.  The effect of this increase from 10-4 pa to 10-8 pa is to increase 
the wind loading by a factor of 2.26. 

142. When considering extreme air and sea temperatures for Sizewell B, EDF NGL has 
developed extreme hazard curves for air and sea temperatures down to the 10-8 pa 
exceedance frequency, although a lower limit for seawater temperature exists at the 
freezing point (taken to be -2°C).  The extreme air temperature values at an exceedance 
frequency of 10-8 pa are -20°C and 41°C compared to the 10-4 pa values of -17°C and 
36°C.  EDF NGL considers that mechanical and electrical equipment within buildings is 
likely to withstand these temperature extremes based on inherent resilience and taking 
credit for redundant HVAC units.  EDF NGL has considered the effect of extreme 
temperature on heat sinks.  EDF NGL concludes that the required combinations of heat 
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sinks are likely to be available at a hazard / fault combination of 10-8 pa for extreme air 
and sea temperatures. 

143. At Sizewell B, safety-classified building roofs are designed to withstand a snow 
loading of 1.5 kN/m2 (the 10-4 pa design basis snow loading event is considered to be 0.8 
kN/m2).  EDF NGL believes that buildings conservatively designed to withstand a loading 
of 1.5 kN/m2 would withstand a uniform snow loading of 1.6 kN/m2 associated with a 10-8 
pa snow fall.  Effects of drifting and blockage of vents etc. is less easily characterised in 
terms of margins, but operating instructions are in place to respond to severe snow. 

144. At Wylfa, Magnox Ltd notes that the concrete panels on the reactor building have 
been recently repaired or strengthened to ensure they would not be compromised by a 
10-4 pa design basis wind.  Similarly, buildings remote from the reactor building associated 
with post-trip boiler feed have been confirmed (or strengthened) to withstand appropriate 
levels of hazard.  With regard to feed systems and associated pump houses, Magnox Ltd 
notes that there may be some challenge to lightweight building cladding from beyond 
design basis winds, but does not consider this to be safety significant.  However, it is not 
clear whether any margin exists beyond the design basis. 

145. Magnox Ltd makes the following observations for Wylfa: “Freezing of seawater is 
not considered credible.  Furthermore, seawater is not claimed as the ultimate heat sink 
(UHS) once the reactor is shutdown”.  Feed water stocks are potentially vulnerable to 
freezing.  However, Magnox Ltd considers that, due to large volumes in water tanks and 
the provision of trace-heating systems there is little potential for freezing.  Magnox Ltd 
acknowledges that trace-heating systems may be lost, but considers that if this were the 
case, then there would be ample time to establish flow before the onset of freezing. 

146. Excessively low temperatures for long periods could lead to waxing of diesel fuel 
oil upon which all essential feed systems rely.  Magnox Ltd has identified that the fuel oil 
used has a cold filter plugging point of -15°C, but argues that this is significantly below the 
lowest temperatures experienced at site. 

147. At Wylfa, Magnox Ltd has identified some potential effects of snow, such as 
impairment of operator movement around site, impairment of drainage systems, loading 
on roofs and ingress into buildings.  Magnox Ltd notes, however, that if grid connections 
continued to be lost for a long period so that on-site water or oil stocks need to be 
replenished, local road conditions could impede deliveries.  This is because severe ice 
and snow are very uncommon on Anglesey and local authorities do not make 
arrangements to deal with the effects of extreme cold weather. 

External fire 
148. EDF NGL reviews its scope of hazards considered in its nuclear safety principles 
regularly against the recommendations of the IAEA.  The most comprehensive and 
rigorous assessment is performed within the PSR.  The PSR2 comprehensively reviewed 
the IAEA list of hazards and confirmed that fires external to site do not represent a threat 
to nuclear safety.  This is because all EDF NGL sites are remote from any significant 
woodland and the essential buildings are well set back from the site boundary.  There is 
no conceivable nuclear safety risk presented by an off-site woodland fire and any smoke 
will adequately disperse so not to interfere with site operations. 

149. The vehicular impact safety case for each station considers vehicle fires and 
vehicle explosions onsite and demonstrates that the nuclear safety risk from such events 
is insignificant.  The industrial hazards safety case for each site states that any fire or 
explosion from a vehicle outside the site boundary would be bounded by the on-site 
vehicular fire or explosion. 

150. The industrial hazards cases also consider hazards generated by local industrial 
facilities including fires (this also includes marine threats).  All EDF NGL sites are 
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adequately remote from other industrial facilities.  The sites where industrial sites pose the 
most significant threat are the Heysham 1, Heysham 2 and Hartlepool sites.  In both 
safety cases and PSR2, the threats from local facilities are considered in depth and it is 
demonstrated that none of these nuclear sites are at risk. 

151. Magnox Ltd notes that they have documentation (The Safety Review Guidebook 
Appendix D Section 6.9) that describes Magnox Ltd’s approach to internal and external 
hazards for the sites that are either generating or de-fuelling.  Fire hazard is identified as 
an internal hazard requiring a specific assessment for fires originating from the plant itself. 

152. Magnox Ltd has stated that external sources of hazard that are explosive or 
chemical are explicitly identified as requiring assessment in terms of potential effect on 
plant but external fire is only identified implicitly as "all potential hazards arising from 
outside the station site boundary".  Magnox Ltd has no assessments of fire arising from an 
external source and they do not have anything in hand to address this as part of its 
post-Fukushima resilience enhancements. 

2a. Actions to be taken or planned by the licensees 

Measures to increase robustness of the plants against earthquakes 
153. EDF NGL has provided a number of considerations relating to increasing the 
robustness of the plants, two proposed enhancements relate to qualification of unqualified 
fire fighting systems and a ‘Consideration’ of post-event operator response capabilities.  
EDF NGL has also referred out to some generic areas for improvement as identified as 
part of the licensees post Fukushima inspection findings. 

154. Further, EDF NGL has stated there are a number of explicit stress test findings 
(STF) which relate to the seismic hazard. They cover the methodology, margin 
assessment, safety case and significant plant areas.  These have been grouped together 
with work in response to HM Chief Inspector’s reports to provide a coherent scope of work 
to address all issues which will be carried forward as part of the EDF NGL programme of 
work.  This will include resilience of key structures / systems / buildings that form or 
support a key safety-related function, generic hardening of emergency control centre  
(ECC) / alternative indication centres (AIC), resilience of fire systems, and resilience 
enhancements of AGR ponds. 

155. Magnox Ltd. has provided two ‘Considerations’ within this topic area for the 
remaining operational Magnox reactor.  These include considering enhancing the 
methods and equipment for primary pressure circuit sealing and providing a facility for the 
injection of nitrogen to support reactor hold-down.  Magnox Ltd has also provided 
‘Considerations’ to enhance the fuel route facilities/equipment at all of its sites.   

156. For the de-fuelling reactors, it is generally stated that the most significant 
improvement would be to de-fuel the reactors as quickly as possible.  For some of the de-
fuelling sites, it is also suggested that the fire safety case for intermediate level waste 
(ILW) facilities should be reviewed to identify potential enhancements. 

Measures to increase robustness of the plants against flooding 
157. A fleet wide study on the risk of flooding, fluvial, pluvial and tidal, was 
commissioned by EDF NGL.  The study used the latest data and techniques available.  
The study was not to review existing safety cases but to provide a ‘cold eye’ review which 
could be used as reference material to confirm the design basis of EDF NGL’s existing 
stations.  

158. Resilience measures designed to ensure that the plant can better withstand, or 
recover following, a design basis flooding event include: potential for temporary flood 
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protection and permanent flood protection (such as waterproofing of key buildings – 
station specific implementation), and building de-watering equipment. 

159. EDF NGL has stated that it will give consideration to enhancing the robustness of 
pond cooling systems within the AGR fleet which should include consideration of the 
effects of flooding.  No specific consideration of the effects of flooding on the Sizewell B 
PWR ponds has been carried out.  However, EDF NGL has stated that, in order to 
improve the resilience of pond cooling and water make-up across all its AGR and PWR 
reactors, it will give consideration to enhancement options to improve guidance to 
operators and replenishment of lost pond water and the provision of standalone pond 
cooling facilities that would have no dependence on any other supplies or systems. 

Measures to increase robustness of the plants against extreme 
weather conditions 
160. EDF NGL notes that the extreme weather hazard has been subject to review as 
part of the PSR process, and while those reviews identified some shortfalls, very little was 
found in terms of the need for potential enhancements of plant robustness.  EDF NGL 
also notes that those shortfalls that have been raised have either been closed out or are 
still in the process of being addressed. 

161. Climate change has the potential to modify the severity of meteorological hazards 
and EDF NGL has undertaken a climate change adaption review.  The review resulted in 
a number of initiatives to progress over the next year aimed at building on its existing 
adaptive capacity.  EDF NGL’s approach to climate change is to demonstrate adaptability 
and this is managed by regular monitoring of meteorological trends.  For example, it has 
been identified that the extreme maximum ambient air temperature is likely to be beyond 
the current design basis within the lifetime of some stations.  Suitable safety case 
amendments are being prepared. 

162. EDF NGL undertook evaluations in the light of the events at Fukushima to address 
recommendations of the Institute of Nuclear Power Operations (INPO) and WANO. These 
evaluations noted that all stations have procedures for seasonal readiness and extreme 
weather events.  All EDF NGL stations receive specific weather forecasts to enable 
preparation of plant for weather events.  EDF NGL has raised a ‘Consideration’ to review 
the seasonal preparedness measures currently undertaken to identify areas to increase 
robustness. 

163. Further, more detailed safety assessments will be carried out in areas considered 
within the stress tests.  This should include review on margins for weather hazards, (i.e. 
ambient temperatures, wind, lightning, snow, drought and bio-fouling events as well as 
combinations of these) considering both the current EDF NGL reactors resilience and that 
of the international nuclear industry.  This could be linked to possible enhanced seasonal 
readiness preparations for resilience, weather procedures and incorporate civil design 
issues. 

164. EDF NGL has raised ‘Considerations’ within their stress test reports to review 
whether comprehensive human factors assessments are required for operator actions 
undertaken during extreme weather conditions.  EDF NGL notes that some simple actions 
could provide benefit, particularly with regard to station access and has raised the 
following ‘Considerations’: 

 Consideration should be given to all stations receiving site-specific weather 
forecasts 

 Consideration should be given to the provision of additional station-based robust 
means of personnel transport for extreme weather conditions. 
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165. Dungeness B power station has raised a ‘Consideration’ to connect the trace and 
tank heating systems to secure electrical supplies.  These are currently connected to grid 
supplies which are assumed to be lost during extreme weather. 

166. Magnox Ltd notes that a series of workshops has been held to consider the 
robustness of their sites against internal and external hazards and to look at emergency 
preparedness arrangements.  ONR observed some of these workshops and notes that the 
high level outputs are reflected within Magnox Ltd’s ‘Considerations’. 

167. Due to the negligible risk posed by extreme weather conditions at the de-fuelling 
sites, the licensees do not consider it necessary to further enhance structures on-site 
against weather-induced hazards. 

2b. Schedules to complete the operator’s planned activities 

168. The UK licensees have provided a high level overview of their timescales for the 
implementation of their measures to increase plant robustness against extreme external 
events.  This is provided in Table 3.  More detailed plans, relating to individual 
‘Considerations’ are provided in Section 4 of this topic area.  

Table 3: Licensees’ high level plan for the completion of work against external events 

External Event  Completion 

EDF NGL 

Seismic resilience reviews and design complete Jun 2012 

Flood resilience review and design complete. Jun 2012 

Extreme weather resilience reviews complete Jun 2012 

Magnox Ltd 

Seismic resilience reviews/design complete Complete, Sep 2011 

Flood resilience review and design complete. June 2012 

Extreme weather resilience reviews complete June 2012 

 

3a. Activities performed by the regulatory body 

169. ONR has reviewed the licensee stress test submissions using the following criteria 
to establish the adequacy of the licensee stress tests responses and these criteria are 
employed to make regulatory comments: 

 The adequacy of a design basis level should be judged by the quality of the 
methodology used to establish the 10-4 pa level(s), and evidence that there is 
sufficient margin in defences to cover the uncertainty in the method.  

 The suitability of defences against the design basis mechanisms. 

 Margins should then be demonstrated beyond the design basis to indicate 
protection against more severe events. 

 Cliff-edge effects should be identified to establish the vulnerability of various 
systems required to protect nuclear safety. 
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170. A summary of ONR’s assessment of the licensees’ submissions is provided below 
including descriptions of a number of additional findings which ONR requires the licensees 
to address.  

Earthquake 

Design basis 
171. ONR considers that in general, the AGR, Magnox and PWR plants are compliant 
with the requirements of their safety cases.  There are clearly some areas where the full 
implementation of each safety case is subject to change as modifications and standards 
advance.  This is recognised by ONR and is tracked through routine regulatory activities, 
particularly the PSR process.  ONR welcomes the ‘Consideration’ by EDF NGL to review 
the position on the efficiency of the process for maintaining ongoing seismic qualification.  
ONR is satisfied that Sellafield Ltd and Magnox Ltd’s arrangements to ensure that the 
safety-critical SSCs remain available and the processes for maintenance of the safety 
case are adequate.  ONR has highlighted a number of points that have come out of its 
assessment of the licensees’ submissions below. 

172. ONR considers that the design basis events derived by the licensees are a 
reasonable representation of the likely hazard level in the UK.  However, ONR considers 
that there would be benefit in performing a detailed review of the SHWP methodology 
against modern standards.  A gap analysis comparing the SHWP methodology with more 
recent practices such as those of the Senior Seismic Hazard Analysis Committee 
(SSHAC) has been suggested by ONR’s TAP.  ONR concurred with this and raised a 
finding (Finding STF-2) in the National Report on stress tests (Ref. 3) that this comparison 
should be undertaken to confirm the validity of the seismic methodology.   

173. ONR notes that there are a number of unqualified structures on the sites which 
could be in various states of distress, and which may limit movement / availability of site 
staff.  Furthermore, there are deficiencies in the resilience of some key emergency 
response centre structures including the on-site medical centres and fire stations.  EDF 
NGL has raised a ‘Consideration’ to undertake a review of the hazard withstand of these 
facilities.  Given the clearly identified shortfall and the recommendations from HM Chief 
Inspector’s Final Report (Ref. 2) (Recommendation FR-3) this is considered an important 
topic and Finding STF-15 was raised in the National Report on stress tests (Ref. 3). 

174. The claims on seismically induced fire in the licensees’ stress test submissions are 
somewhat broad brush in nature and while they provide a reasonable view of the likely 
position in terms of seismically induced fire, they do not provide sufficient rigour.  The 
claims made on the availability of fire-fighting equipment are not fully justified.  EDF NGL 
has provided two ‘Considerations’ to address these issues.  ONR judges that these 
‘Considerations’ are important and raised Finding STF-4 to further support them. 

175. AGR cooling ponds are typically unlined concrete with a waterproof internal 
coating and, while they are massive structures for shielding purposes, they are relatively 
lightly reinforced.  The assessments undertaken have shown that in some cases, there is 
a relatively small margin against the DBE.  The lack of qualification of the cooling systems 
for the pond water also means that in the longer term following an event, the pond 
structure may need to be able to withstand higher temperatures.  In the beyond design 
basis area it is unclear whether a cliff-edge effect is present or not.  Consequently ONR 
raised Finding STF-5 within the national report that all licensees should further review the 
margins for all safety-significant SSCs, including cooling ponds, in a structured systematic 
and comprehensive manner to understand the beyond design basis sequence of failure 
and any cliff-edges.  This finding applies to all external hazards. 
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Evaluation of safety margins 
176. With regard to the determination of safety margin beyond the design basis, ONR 
assessment has highlighted the following key points. 

177. For the gas-cooled reactors the evaluation of seismic margins has been 
undertaken in a broad manner, and discusses typical fragility curves and draws some 
general conclusions over possible margins beyond the design basis.  While ONR agrees 
with the statements in principle, the actual margins for individual plant items are not 
defined.  It was an ONR expectation that a more structured, systematic and 
comprehensive review of the margins for SSCs would have been undertaken.  While this 
may not have been fully rigorous, it would have provided a valuable insight into the 
beyond design basis position and give some better indication of areas of the plant where 
an increase in robustness would offer the most significant safety benefit.  Consequently, 
ONR has raised Finding STF-5 that margins should be quantified. 

178. The requirements of the ENSREG stress test with respect to containment integrity 
are not entirely relevant to gas reactors as written.  The licensees have applied an 
appropriate focus on the concrete PCPV and the associated pressure boundary; however, 
the margins associated with the seismic capacity of this pressure boundary have not been 
systematically identified.  To improve understanding of the margins, ONR raised Finding 
STF-6 in the national report that “Licensees should review the margin to failure of the 
containment boundary and the point at which containment pressure boundary integrity is 
lost should be clearly established for the AGR and Magnox stations.” 

179. The responses on the Magnox Ltd de-fuelling sites and the Calder Hall sites are 
broadly similar.  ONR recognises that the most practicable route to reduce risk is to fully 
de-fuel these facilities.  ONR also agrees that there are no practicable improvements 
which can be made, given the identified timescales for achieving complete de-fuelling. 

Flooding 

Design basis 
180. The licensees recognise the inconsistent and historical basis on which the flooding 
analyses have been undertaken and intend to provide revised analyses using an up to 
date approach.  At all operating reactor sites however, the existing analyses are claimed 
as adequate and sufficiently robust; for other sites with lower hazards, this has not been 
explicitly stated.  All sites claim their existing flood analyses are fit-for-purpose, ONR 
expects this to be reconfirmed when revised flood analyses become available.  ONR 
accepts that it is reasonable in the interim to proceed on the basis of existing flood 
analyses and DBF values. 

181. EDF NGL identify there are a number of flood-related PSR2 findings being 
progressed relevant to Dungeness B, Hinkley Point B and Hunterston B.  There are also a 
number of more general PSR2 findings that are relevant to flooding.  These represent 
ongoing regulatory business relevant to flood hazard at both the design and beyond 
design basis levels. 

182. ONR makes the observation that back-up electrical power equipment and 
distribution systems are particularly susceptible to flood water and yet extreme flood 
events, more than other hazards, may require this equipment to ensure alternative feed-
water capability.  This point is of particular importance for a beyond design basis flooding 
event and licensees should consider this during their response to Finding STF-5. 

183. Clearly the depth of ponding and its duration depends on several factors but 
mainly on the rate of water accumulation on-site, the rate at which it can be removed and 
the topography of the site.  This is a transient process and the likelihood of water ingress 
into buildings would be controlled by this process.  ONR anticipates this will be most acute 
for sites where rainfall and wave overtopping are considered to dominate the DBF hazard.  
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Therefore ONR has raised Finding STF-7 within the National Report on stress tests (Ref. 
3) that licensees should undertake a more detailed analysis of the potential for floodwater 
entry into buildings containing SSCs. 

184. ONR notes that snowfall is generally claimed as not significant or bounded by 
extreme rainfall.  However, ONR notes that site drainage efficiency may be affected by 
blocking or freezing of part of the drainage system and the ability to remove melt water 
reduced from that assumed for removal of rainwater alone.  Moreover, drifting snow and 
snow clearance from roadways, for example, may serve to change the general 
topography of the site and hinder the natural drainage of surface melt water or change 
surface drainage routes assumed for rainwater alone. 

Evaluation of safety margins 
185. There is beyond design basis margin evident from methodological conservatisms 
and over design of flood defences.  Any flooding that does occur on-site would be 
managed by normal operations procedures or on-site emergency arrangements. 

186. EDF NGL has undertaken an evaluation process to identify margins beyond the 
design basis and potential enhancements and weaknesses.  This process appears to be 
comprehensive in its coverage of plant and systems.  All EDF NGL sites have identified 
enhancements that might be made to increase flood protection.  Some details are 
provided in the licensees’ stress test submission to support a cliff-edge analysis and the 
licensees consider that widespread failure sufficient to challenge nuclear safety is very 
remote.  However, ONR would have expected a more comprehensive analysis of beyond 
design basis hazard challenge, noting explicitly what the sequence of subsequent SSC 
system failures is when flood defences are breached, either through overtopping (sea 
walls), insufficient capacity (drains), or structural failure. 

187. This analysis would provide explicit clarity of how loss of safety function develops 
as the hazard becomes increasingly severe.  Beyond design basis cliff-edge analysis 
should deliver a detailed definition of plant safety status against hazard severity, seek out 
weak areas of plant, establish sequences of SSC failures / concurrent failures and plot 
how close the site approaches various fault conditions.  The mission times associated with 
these fault conditions and how these would be managed should be described, so that 
weak areas and pinch points can be better understood. 

188. The requirement for a comprehensive cliff-edge analysis for all external hazards is 
made in Finding STF-5 in the National Report on stress tests (Ref. 3).  Recommendation 
FR-4 from HM Chief Inspector’s Final Report (Ref. 2) is potentially relevant to this activity.  
It is important that failures of sea defences and drainage systems are included in the 
comprehensive cliff-edge analysis. 

189. Where possible, licensees should identify measures to increase plant robustness 
to flooding and prevent flooding ingress to buildings and plant areas containing SSCs.  
ONR also considers that the licensees should investigate the practicability of protective 
measures between the time of flood warning and the actual flooding event. 

Extreme weather 

Design basis 
190. For de-fuelling reactor sites, the licensees have retained the 10-4 pa design basis 
criterion for severe weather conditions although not all weather hazards (e.g. lightning, 
drought) have been explicitly addressed in their stress tests submissions.  However, no 
safety-significant effects of extreme weather have been identified.  This is because fuel 
cooling at these sites is now passive in nature due to the very low decay heat.  Due to the 
passive nature of cooling systems and the very low heat load, the remainder of this 
section is only applicable to operational reactors. 
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191. The licensees’ approach to the stress tests for operational reactors has been to 
consider each weather hazard in turn and determine what essential safety functions are 
relevant and what systems need to be qualified against the hazard to deliver the safety 
functions.  As a result, the licensees have raised a number of ‘Considerations’ for 
improvement of demonstration of robustness of the design basis provisions against 
meteorological hazards.  ONR considers therefore, that the licensees have met the intent 
of the stress tests analysis of the design basis but has raised observations below. 

Drought 

192. Drought is difficult to quantify against the 10-4 pa exceedance criterion, but can 
affect the availability of cooling water and ground stability which in turn could affect the 
integrity of underground systems and building foundations.  Safety cases are under 
development for all AGRs, and ONR will review the adequacy of protection for all UK 
reactor sites, including beyond design basis conditions. 

Lightning 

193. The approach to lightning has been to provide protection systems according to 
appropriate design codes.  Safety cases for the AGRs are currently being developed but it 
is not clear how the 10-4 pa exceedance design basis criterion will be addressed.  ONR 
notes that the lightning case for Sizewell B includes an assessment against the 10-4 pa 
criterion and beyond.  ONR will engage with EDF NGL to ensure appropriate lightning 
safety cases are produced, including assessment of the design basis lightning 
exceedance frequency and the margins of protection beyond this.  ONR will also ensure 
any implications for other UK reactor sites are addressed. 

Wind 

194. The strategy for protection against wind hazards is to place essential systems 
within buildings or provide protection directly.  In general, protection is provided by 
building structures, and major failure against within-design basis wind loads is 
demonstrated not to occur.  Damage less severe than catastrophic failure, and the 
consequential effect on the equipment within, is less well defined.  Equipment resilience to 
minor failure modes of buildings against within-design basis wind loads and failure modes 
beyond the design basis wind loading need to be systematically addressed.  ONR expects 
this to be included in the work required to assess margins to failure against extreme 
hazards (Finding STF-5). 

Snow 

195. Snow could result in loss of grid, affect ventilation / cooling grills and cause station 
access and drainage problems.  Snow loadings have generally been calculated for a 
10-4 pa design basis event on roof structures.  EDF NGL has raised a ‘Consideration’ to 
assess whether a snow loading hazard case is required.  ONR supports this, but 
considers that the effect of drifting and thawing needs further assessment. 

Extreme temperature 

196. The design basis maximum and minimum extreme seawater temperatures do not 
appear to have been consistently defined across EDF NGL and Magnox Ltd reactors and 
the safety significance attached to seawater systems varies from station to station.  The 
licensees appear to consider that, even if surface ice forms, the cooling water intakes are 
sufficiently deep to be unaffected by surface ice.  ONR considers that the potential for 
accumulation of frazil ice on intake gratings and internal surfaces within seawater systems 
needs to be considered.  ONR will engage with EDF NGL and Magnox Ltd to ensure that 
the safety significance of seawater systems is understood, appropriate design basis 
temperatures derived and that the potential for ice formation below 0°C is appropriately 
addressed. 

197. There is a potential cliff-edge with minimum temperature if essential feed water 
were to freeze.  This can be combated by trace-heating, circulating standing water, 
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appropriate insulation etc.  Dungeness B power station has raised a ‘Consideration’ to 
connect the trace and tank heating systems to secure electrical supplies.  These are 
currently connected to grid supplies which are assumed to be lost during extreme 
weather.  ONR considers that the scope should be widened to consider the adequacy of 
provisions to prevent freezing of essential equipment across the AGR and Magnox Ltd 
reactors.  ONR will engage with EDF NGL and Magnox Ltd to ensure that provisions to 
prevent freezing of essential water-based systems are appropriate. 

Hazard combinations 

198. The level of coverage varies from station to station and EDF NGL has raised a 
‘Consideration’ to consider whether all credible combinations of hazards have been 
assessed.  ONR’s view is that weather hazards can often occur simultaneously and 
should normally be justified in combination as part of the design basis unless a case is 
made otherwise.   

Evaluation of safety margins 
199. EDF NGL’s approach is to argue that there are sufficient pessimisms in the 
assessment of design basis conditions that the case would be robust at hazard levels 
beyond the design basis.  This approach is less systematic than that requested by the 
stress tests in that successive failure points beyond the design basis are not identified.  
EDF NGL has argued that the current safety cases provide insufficient analysis to enable 
a meaningful estimation of margins to be made for the EC stress tests and has raised 
‘Considerations’ to carry out comprehensive margins assessment for extreme wind and 
ambient temperature.  ONR accepts the argument that margins are not available at this 
time but considers that comprehensive margins assessment should be carried out for all 
meteorological hazards for both Magnox and AGR operational reactors. 

200. ONR therefore finds that EDF NGL and Magnox Ltd should carry out a structured 
assessment of beyond design basis margins to equipment failure for all meteorological 
hazards on Magnox and AGR operational reactors.  This finding also applies to seismic 
and flooding hazards and has been raised as Finding STF-5 in the National Report on 
stress tests (Ref. 3). 

201. For de-fuelling reactors, an explicit determination of the margins beyond the 
design basis has not been made.  However the licensees have not identified any credible 
threats to nuclear safety for these facilities resulting from extreme weather conditions.  
Therefore, ONR accepts this conclusion. 

External fire  
202. Naturally generated external fire is generally considered a minor hazard in the UK.  
This is not an issue that ONR has considered in detail and it has not been raised by 
licensees as a significant hazard in their safety cases. The licensee comments on this 
issue align with this view and confirm that external natural fire hazard has been screened 
out as a credible hazard to UK sites. 

External events - general 
203. Within the stress test submissions, there are references made to further work 
undertaken to review access and egress to site and around site.  The reviews considered 
the access to sites, access control points (ACP), and ECCs following external hazards.  
These reports do not consider the broader effects of the hazard on the site as a whole and 
the impact on the need to undertake key operator actions.  The ONR response to this 
aspect is reflected in ONR Finding STF-3 in the National Report on stress tests (Ref. 3) 
that licensees should undertake a review of the totality of the required actions from 
operators. 

204. ONR considers that the effect of the hazard on the general state of the plant (in 
addition to loss of grid) should also be taken into account in order to determine both the 

-31- 



 

tasks that the operators are required to perform and the conditions in which they are 
required to carry them out.  For example, during a severe storm it is likely that some 
safety-related and non-essential systems and buildings may be damaged.  This may 
require the operators to perform remedial actions or carry out operations for back-up 
system alignment or initiation.  Furthermore the equipment which has failed may present 
hazards to the operators such as wind-borne missiles, obstruction of access routes, 
release of hot or cold gas, flood, fire etc.  These hazards may be additional to those posed 
by the extreme conditions themselves such as extreme wind, ice and snow or precipitation 
/ flooding. 

205. The licensee should assess the likely extent of plant damage resulting from design 
basis and beyond design basis external hazards and consider the implications of the 
requirements for operator actions and their ability to carry out those actions.  These points 
are reinforced by ONR’s findings, specifically Finding STF-3 which considers operator 
action following an external hazard and Finding STF-16 relating to licensees procedures 
and supporting documentation following a beyond design basis event. 

206. ONR recognises that there are un-quantified margins present in the current 
seismic safety cases, but the beyond design basis review has not been undertaken in a 
sufficiently structured, systematic or comprehensive manner by any of the licensees.  This 
has led to a lack of identification of credible options for improvements to the robustness of 
the plants against the beyond design basis hazard.  Recommendation FR-4 in HM Chief 
Inspector’s Final Report (Ref. 2) is relevant here as it calls for inclusion of external events, 
including those beyond design basis, and extended mission times within Level 2 PSA.  
Such PSA will help to alleviate the current lack of a structured and systematic approach 
for beyond design basis events. 

3b. Schedules for completion of the regulatory activities 

207. ONR requires that the licensees should report on the decision making process 
regarding their considerations, including a description of the sentencing of these 
considerations. This has been stated in Finding STF-1 of the National Report on stress 
tests:  

Finding STF-1: Licensees should provide ONR with the decision-making process to be 
applied to their Considerations along with a report which describes the sentencing of all 
their Considerations.  The report will need to demonstrate to ONR that the conclusions 
reached are appropriate. 

208. Within the HM Chief Inspectors Interim Report the final recommendation required 
that the licensees respond to the recommendations within one month.  This was stated in 
Recommendation IR-26:  

Recommendation IR-26: A response to the various recommendations in the interim report 
should be made available within one month of it being published.  These should include 
appropriate plans for addressing the recommendations.  Any responses provided will be 
compiled on the ONR website. The licensees provided responses to the 
Recommendations and have now provided two further updates on the interim 
recommendations and one update on the final recommendations.  

209. ONR requires that the licensee respond to all recommendations and findings by 
June 2012.  This is stated in Recommendation FR-12 and Finding STF-19: 

Recommendation FR-12: Reports on the progress that has been made in responding to 
the recommendations in this report should be made available to ONR by June 2012.  
These should include the status of the plans, together with details of improvements that 
have been implemented by that time.  
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Finding STF-19: Reports on the progress made in addressing the conclusions of the 
licensees Considerations and the ONR findings should be made available to ONR on the 
same timescale as that for HM Chief Inspector’s recommendations (June 2012).  These 
should include the status of plans and details of improvements that have been 
implemented. 

210. Once these responses have been received ONR will compile a final 
implementation report detailing the work that will be done to respond to the Fukushima 
accident within the UK.  



 

4. Summary of actions 

Activities by the Operator* Activities by the Regulator* 

 
Ref. 

Activity Site 

(Item 2.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

(Item 2.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 2.c) 
Results 

Available 
 

- Yes? 
- No? 

(Item 3.a) 
Activity 
- Taken? 

- Ongoing?
- Planned?

(Item 3.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 3.c) 
Conclusion 
Available 

 
- Yes? 
- No? 

Earthquake 

CSA001 Consider the need for a review of the totality of the 
required actions, and the way these might be influenced 
by the Emergency Arrangements (e.g. the need for a site 
muster, and the setting up of the Access Control Points), 
taking due account of the human factors issues. 

All AGRs Ongoing Jul 2013 No 

CSA002 Consider investigating whether the single long small bore 
pipe providing the make up to the decay store could be 
vulnerable to interaction hazards. 

Dungeness B Ongoing Jan 2014 No 

CSA003 EDF Energy will consider reviewing the probability of 
consequential fire as a result of an earthquake. 

All AGRs Ongoing Jan 2014 No 

CSA004 Consideration should be given to the feasibility of 
enhancing the seismic capability of appropriate 
unqualified fire systems. 

All EDF NGL 
Sites 

Ongoing Jan 2014 No 

CSA005 Consideration should be given to enhancing the 
robustness of pond cooling systems within the AGR fleet. 

All AGRs Ongoing Jan 2014 No 

CSA006 EDF Energy will consider conducting a review of the 
efficiency of the process for maintaining ongoing seismic 
qualification and consider whether improvements should 
be implemented. 

All AGRs Ongoing Dec 2012 No 

CSA007 The demands upon personnel to respond to beyond 
design basis events should be included within the review 
of the emergency response capabilities. 

Sizewell B Ongoing Mar 2014 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

 
Ref. 

Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

STF-2 The nuclear industry should establish a research 
programme to review the Seismic Hazard Working Party 
(SHWP) methodology against the latest approaches.  
This should include a gap analysis comparing the SHWP 
methodology with more recent approaches such as those 
developed by the Senior Seismic Hazard Analysis 
Committee (SSHAC). 

All Sites Ongoing Mar 2014 No 

STF-4 Licensees should undertake a further systematic review 
of the potential for seismically-induced fire which may 
disrupt the availability of safety-significant structures, 
systems and components (SSC) in the seismic safety 
case and access to plant areas. 

All Sites Ongoing Mar 2014 No 

Licensees are required to formally submit 
plans to ONR to address the STFs by the 

end of June 2012 

IR-15 
 
 
 

Once detailed information becomes available on the 
performance of concrete, other structures and equipment, 
the UK nuclear industry should consider any implications 
for improved understanding of the relevant design and 
analyses. 

All Sites Ongoing Quarterly 
Updates 

No 
Licensees are required to formally submit 

plans to ONR to address the HM Chief 
Inspector’s recommendations by the end of 

June 2012 

Flooding 

CSA008 Consider updating the safety case to reflect the latest 
assessment of the risk of flooding due to tsunamis at 
Dungeness B. 

Dungeness B Ongoing Apr 2013 No 

CSA009 In line with Recommendation 10 (IR-10) of the ONR 
report, flooding studies have been initiated for all eight 
stations.  These studies re-evaluate the design basis 
flooding scenarios using the most recent data and taking 
account of climate change, they cover the period until 
2035. 

All AGRs Ongoing Apr 2013 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

 
Ref. 

Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA010 In line with Recommendation 10 (IR-10) of the ONR 
Interim Report on the Japanese Earthquake and Tsunami 
Implications for the UK Nuclear Industry, flooding studies 
have been initiated for all eight stations.  These studies 
re-evaluate the design basis flooding scenarios using the 
most recent data and taking account of climate change, 
they cover the period until 2035. 

Sizewell B Ongoing Apr 2013 No 

CSA011 Consider reviewing whether the operators could complete 
all the tasks required prior to an extreme sea state or 
extreme rainfall if insufficient warning was given. 

Dungeness B Ongoing Jul 2013 No 

CSA012 Consider reviewing the exact water level at which 
essential plant located within buildings will fail due to 
flooding. 

Dungeness B Ongoing Apr 2013 No 

CSA013 Drainage of the site should be examined and the existing 
rainfall calculation revisited to highlight any margins.  It 
should be ascertained whether the drainage would be 
compromised by a high sea state. 

Dungeness B Ongoing Apr 2013 No 

CSA014 Consideration should be given to the feasibility of 
additional temporary or permanent flood protection for 
essential safety functions where margins to flood levels 
are low. 

Dungeness B Ongoing Apr 2013 No 

CSA015 Consideration should be given to enhancing the 
robustness of dewatering capability, in particular 
focussing on independence from other systems. 

All AGRs Ongoing Apr 2013 No 

CSA016 Consideration should be given to the feasibility of 
additional temporary or permanent flood protection for 
essential safety functions, for example the CW 
pumphouse. 

All AGRs (bar 
Dungeness B) 

Ongoing Mar 2013 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

 
Ref. 

Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA017 Station should consider reviewing the output of this report 
and determine if any other local actions are required. 

Hinkley Point B Ongoing Mar 2013 No 

CSA018 Drainage for the site should be examined to explore the 
capability of beyond design basis events. 

Hinkley Point B Ongoing Mar 2013 No 

CSA019 The need for a formal reseal / repressurise case is 
currently being considered in a revision of the shutdown 
cooling safety case. 

Heysham 2 and 
Torness 

Ongoing Jun 2012 No 

CSA020 The need to increase feed stocks to ensure they are 
sufficient for a 24 hour period is under review. 

Heysham 2 and 
Torness 

Ongoing Apr 2012 No 

CSA021 Further mitigation against beyond design basis floods 
should be provided by for example, improvements to 
flood protection around the RUHS and electrical back-up 
supplies. 

Sizewell B Ongoing Apr 2013 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
 

STF-7 Licensees should undertake a more structured and 
systematic study of the potential for floodwater entry to 
buildings containing safety-significant structures, systems 
and components (SSC) from extreme rainfall and / or 
overtopping of sea defences. 

All Sites Ongoing Mar 2014 No 
Licensees are required to formally submit 
plans to ONR to address the STFs by the 

end of June 2012 

IR-10 The UK nuclear industry should initiate a review of 
flooding studies, including from tsunamis, in light of the 
Japanese experience, to confirm the design basis and 
margins for flooding at UK nuclear sites, and whether 
there is a need to improve further site-specific flood risk 
assessments as part of the periodic safety review 
programme, and for any new reactors.  This should 
include sea-level protection. 
 

All Sites Ongoing Jun 2012 No 

Licensees are required to formally submit 
plans to ONR to address the HM Chief 

Inspector’s recommendations by the end of 
June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

 
Ref. 

Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

Extreme Weather 

CSA022 Consideration should be given to reassessing the tornado 
hazard in light of recent studies which suggest the 
magnitude of the hazard may have been underestimated. 

All AGRs Ongoing Mar 2014 No 

CSA023 Consideration should be given to whether a snow loading 
hazard case is required and whether all aspects of the 
snow hazard such snow drifting have been considered. 

All AGRs Ongoing Mar 2014 No 

CSA024 Consider whether all credible combinations of hazards 
have been assessed. 

All EDF NGL 
Sites 

Ongoing Mar 2014 No 

CSA025 Consideration should be given to evaluating the 
methodologies used to calculate the infrequent extreme 
ambient temperature and extreme wind event conditions 
and whether a fleet wide methodology should be adopted.

All EDF NGL 
Sites 

Ongoing Mar 2014 No 

CSA026 Consideration should be given to defining the safety 
margin to equipment failure due to extreme wind, either 
directly or as a result of buildings failing. 

All AGRs Ongoing Mar 2014 No 

CSA027 Consideration should be given to defining the safety 
margin to equipment failure against extreme ambient 
temperature.  This should include consideration of the 
consequences of loss of grid for an extended period and 
the ability to prevent freezing.  Furthermore, consider the 
effects of extremely low ambient temperatures on building 
temperatures when both reactors are shutdown. 

All AGRs Ongoing Mar 2014 No 

CSA028 Consider reviewing whether comprehensive human 
factors assessments are required for operator actions 
undertaken during extreme weather conditions. 

All AGRs Ongoing Sep 2012 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

 
Ref. 

Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA029 Consider reviewing the seasonal preparedness measures 
currently undertaken to identify areas to increase 
robustness. 

All EDF NGL 
Sites 

Ongoing Mar 2014 No 

CSA030 Consideration should be given to all stations receiving 
site specific weather forecasts. 

All AGRs (bar 
Heysham 1) 

Ongoing Mar 2014 No 

CSA031 Consideration should be given to connecting the trace 
and tank heating systems to secure electrical systems. 

Dungeness B Ongoing Mar 2014 No 

CSA032 Consideration should be given to the provision of 
additional station based robust means of personnel 
transport for extreme weather conditions. 

All EDF NGL 
Sites 

Ongoing Apr 2013 No 

CSA033 A review of the programme of work in place to respond to 
the extreme wind hazard design basis methodology 
should be incorporated in to the next Periodic Safety 
Review.  Any significant nuclear safety issues arising 
from the programme of work should be addressed as 
appropriate. 

Hunterston B Ongoing Mar 2014 No 

CSA034 Monitor and review the extreme ambient temperatures 
following the publication of the climate change adaptation 
report and consider these as part of plant life extension 
for all AGR stations. 

Hunterston B. 
Heysham 1 and 

Torness 

Ongoing Mar 2014 No 

CSA035 Consideration should be given to the prioritisation of the 
ongoing production of the lightning and drought safety 
cases. 

Hunterston B. 
Heysham 1 and 
2, Hinkley Point 

B and 
Hartlepool 

Ongoing Mar 2014 No 

CSA036 Consideration should be given to defining the safety 
margins to equipment failure against extreme ambient 
temperature. 

Torness Ongoing Mar 2014 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

 
Ref. 

Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

External Events – General 

M9 Consideration will be given to reinforcing the training for 
staff who may be required to respond to extreme events. 

Oldbury and 
Wylfa 

Ongoing, part 
of SAG 
review 

December 
2012 

No 

M13 Consideration will be given to enhancing the resilience of 
spent fuel pond equipment to severe events. 

Oldbury, 
Sizewell A and 
Chapelcross 

Ongoing December 
2012 

No 

M14 Consideration will be given to enhancing the resilience of 
spent fuel equipment to severe events. 

Chapelcross 
and Dungeness 

B 

Ongoing December 
2012 

No 

M15 Consideration will be given to enhancing the resilience of 
the primary dry cells to severe events. 

Wylfa Ongoing December 
2012 

No 

M16 Consideration will be given to the fire safety case for ILW 
storage facilities to identify any appropriate 
enhancements to the level of resilience. 

All de-fuelling 
sites bar 

Chapelcross 

   

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
 

STF-3 Licensees should undertake a further review of the totality 
of the required actions from operators when they are 
claimed in mitigation within external hazards safety 
cases.  This should also extend into beyond design basis 
events as appropriate. 

All Sites Ongoing Magnox Ltd 
Dec 2012 
EDF NGL 
Mar 2014 

No 

STF-4 Licensees should undertake a further systematic review 
of the potential for seismically-induced fire which may 
disrupt the availability of safety-significant structures, 
systems and components (SSC) in the seismic safety 
case and access to plant areas. 

All Sites Magnox Ltd 
Not yet 
planned 

EDF NGL 
Ongoing 

Mar 2014 No 

Licensees are required to formally submit 
plans to ONR to address the STFs by the 

end of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

 
Ref. 

Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

STF-5 Licensees should further review the margins for all safety-
significant structures, systems and components (SSC), 
including cooling ponds, in a structured systematic and 
comprehensive manner to understand the beyond design 
basis sequence of failure and any cliff-edges that apply 
for all external hazards. 

All Sites Magnox Ltd 
Not yet 
planned 

EDF NGL 
Ongoing 

Mar 2014 No 

STF-6 Licensees should review further the margin to failure of 
the containment boundary and the point at which 
containment pressure boundary integrity is lost should be 
clearly established for the advanced gas-cooled reactors 
(AGR) and Magnox stations. 

All Gas-cooled 
Reactors 

Magnox Ltd 
Not yet 
planned 

EDF NGL 
Ongoing 

Mar 2014 No 

Licensees are required to formally submit 
plans to ONR to address the STFs by the 

end of June 2012 
 

IR-13 The UK nuclear industry should review the plant and site 
layouts of existing plants and any proposed new designs 
to ensure that safety systems and their essential supplies 
and controls have adequate robustness against severe 
flooding and other extreme external events. 

All Sites Magnox Ltd 
Not yet 
planned 

EDF NGL 
Ongoing 

Mar 2012 Yes 

IR-16 When considering the recommendations in this report the 
UK nuclear industry should consider them in the light of 
all extreme hazards, particularly for plant layout and 
design of safety-related plant. 

All Site Magnox Ltd 
Not yet 
planned 

EDF NGL 
Ongoing 

Quarterly 
Updates 

No 

FR-2 The UK nuclear industry should ensure that structures, 
systems and components needed for managing and 
controlling actions in response to an accident, including 
plant control rooms, on-site emergency control centres 
and off-site emergency centres, are adequately protected 
against hazards that could affect several simultaneously. 

All Sites Magnox Ltd 
Not yet 
planned 

EDF NGL 
Ongoing 

Mar 2014 No 

Licensees are required to formally submit 
plans to ONR to address the HM Chief 

Inspector’s recommendations by the end of 
June 2012 
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Activities by the Operator* Activities by the Regulator* 

 
Ref. 

Activity Site 

(Item 2.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

(Item 2.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 2.c) 
Results 

Available 
 

- Yes? 
- No? 

(Item 3.a) 
Activity 
- Taken? 

- Ongoing?
- Planned?

(Item 3.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 3.c) 
Conclusion 
Available 

 
- Yes? 
- No? 

FR-3 Structures, systems and components needed for 
managing and controlling actions in response to an 
accident, including plant control rooms, on-site 
emergency control centres and off-site emergency 
centres, should be capable of operating adequately in the 
conditions, and for the duration, for which they could be 
needed, including possible severe accident conditions. 

All Sites Magnox Ltd 
Not yet 
planned 

EDF NGL 
Ongoing 

Quarterly 
Updates 

No 
Licensees are required to formally submit 

plans to ONR to address the HM Chief 
Inspector’s recommendations by the end of 

June 2012 
 

 
 



 

 

Topic 2 – Design Issues  

 

The Fukushima accident demonstrated that the ability of the NPP’s 
prevention and mitigation systems to respond and operate under extreme 
scenarios need to be re-evaluated. 

This chapter should focus on actions to prevent severe damage to the 
reactor and the spent fuel pool, including any last resort means, as well as 
an evaluation of the time available to prevent severe damage. 

For example: 

Alternating current (AC) electrical power is critically important to the safety 
of the NPPs.  Many of the systems, structures and components (SSCs) used 
to cool the fuel in the reactor depend on AC power.  The loss of cooling, and 
the loss of all AC power, both on-site and off-site, is highly significant. 

The design pressure for containments can be exceeded during prolonged 
station blackout (SBO) events. The design of the containment structures 
needs to be re-evaluated to ensure it can mitigate certain beyond-design-
basis accident scenarios. 

Prolonged SBO events may inhibit the ability to provide water inventory or 
cooling to the spent fuel pools and could damage instrumentation needed to 
understand the condition of the pool and the fuel.  The reliability and 
availability of the spent fuel pool makeup systems may also need to be re-
examined. 

Methods to prevent or mitigate a loss of ultimate heat sink may also need to 
be re-examined.  

Contracting Parties are expected to report on the analysis of such design 
issues.  These scenarios mentioned above, among others, need to be 
evaluated and analysed considering site specific and design specific 
conditions. Evaluation of safety margins should be included if weak points 
or cliff-edge effects are identified. Proposals for further upgrades should 
also be mentioned. 

1. Overview of design issues analysis performed in the 
UK 

211. All UK licensees have provided submissions against the ENSREG stress test 
specification (Ref. 4).  The ENSREG stress test specification required all European 
operators to analyse the progressive loss of electrical supplies, cooling capability and 
containment integrity irrespective of the initiating events on UK NPPs for both 
reactors and fuel route, including fuel pools. This section is designed to provide 
information on the number of lines of protection that would have to be breached in 
order for severe radiological consequences to occur from a UK NPP, the timescales 
until significant damage to the plant could occur if various protection systems failed 
as well as measures to prevent this from occurring.  Due to the different reactor plant 
designs used in the UK the section has been broken down into two sub sections, 
gas-cooled reactors and pressurised water reactors. 

212. This topic is applicable to all UK NPPs, however, the Magnox reactors that 
are currently de-fuelling have all been shutdown for at least five years.  The fuel 

-43- 



 

elements in the reactor cores are cooled by natural circulation of air through the fuel 
channels and the gas circuits.  The air is cooled by heat losses through the primary 
circuit walls to the atmosphere.  Satisfactory cooling does not depend upon forced 
gas circulation or upon a water supply.  Therefore, both the primary, and ultimate, 
heat sink is the atmosphere.  The route by which energy is transmitted to the ultimate 
heat sink is considered to be passive and robust.  Further, where fuel storage ponds 
are in use on sites these are also passively cooled with the primary and ultimate heat 
sink being the atmosphere.  Considering the current state of the de-fuelling sites it is 
difficult to perceive a scenario where the loss of electrics or ultimate heat sink can 
result in significant radiological consequences.  The complete loss of electrical power 
would reduce situational awareness but not risk nuclear safety.  Therefore these sites 
will not be considered further within this topic area. 

Gas-cooled reactors 
213. While the UK gas reactors station designs differ in terms of specific system 
details, the basic principles are the same.  Under normal operation, heat generated in 
the reactor core is transferred to the primary coolant (CO2).  Gas circulators provide 
forced circulation of primary coolant through the boilers transferring heat to the water 
in the secondary coolant circuit.  Cooling water is pumped continuously into the boiler 
tubes and turned into steam which is passed to the turbines to generate electricity.  
The resulting low pressure steam is passed through condensers where the waste 
heat is transferred to sea water. 

214. Following a reactor trip, post-trip control systems are provided to initiate post-
trip cooling of the reactors, bringing into action various items of plant essential to 
cooling the shut-down reactor and to remove the decay heat. 

215. Decay heat removal is via the main boilers with each being fed with feed-
water from either normal feed systems located in the turbine hall or the back-up feed-
water systems which are located external to the main buildings.  All gas-cooled 
reactors have at least two diverse post-trip feed water systems (FWS) with 
redundancy and diversity in their electrical supplies.  In generic terms the gas-cooled 
reactors secondary coolant systems can be viewed as consisting of a main boiler 
feed system, a post-trip boiler feed system and a back-up boiler feed system. 

216. If the gas circulators fail, post-trip cooling can be provided by natural 
circulation of the primary coolant providing one of the four boilers continues to be 
cooled by FWSs and the reactor remains pressurised.  For a shut-down and de-
pressurised reactor it is either necessary to maintain forced circulation or re-seal and 
re-pressurise the reactor to enable natural circulation. 

217. The steam generated in the boilers is either returned to the main condenser 
or discharged to atmosphere via diverse and redundant boiler pressure control 
systems.  If the steam is passed to the main condenser the main secondary cooling 
water system is required to be in service.  When steam is discharged to atmosphere 
the cooling system is once-through, i.e. there is no recirculation of the secondary 
coolant.  Discharging to atmosphere also enables a lower pressure to be achieved 
within the boilers to allow boiler feed injection from the lower pressure feed systems.  
Discharging steam does not require the Main Circulating Water (MCW) system to be 
in service or require access to the normal ultimate heat sink.  The steam discharge to 
atmosphere is considered as the alternative heat sink. 

218. Fuel is routinely exchanged for new fuel during re-fuelling campaigns, this 
being done for relatively small batches of fuel while the reactor is at power.  This 
requires re-fuelling machines to be pressure vessels which are designed to be 
capable of making a gas-tight connection with the reactor pressure vessel. 

-44- 



 

219. A feature of AGR fuel routes is the fact that, when an irradiated fuel stringer 
(an assembly that includes a number of AGR fuel elements) is discharged from the 
reactor, it is placed in a sealed Buffer Storage Tube (BST) to decay for a number of 
months before being disassembled and the fuel elements discharged to the fuel 
pond.  The BSTs are cooled by water jackets and therefore they can undergo loss of 
cooling faults that could possibly result in fuel pin failure and / or clad melt. 

Loss of electrical power 
220. All stations’ essential electrical supply systems are designed to provide 
electrical power directly to the essential safety loads, e.g. gas circulators and 
associated auxiliaries, emergency boiler feed pumps, seawater cooling pumps and 
support of the unit auxiliaries at lower voltage levels.  In general, the internal power 
supplies for gas reactors are designed against a hierarchical arrangement of the AC 
and direct current (DC) voltage levels required for the electrical plant.  These 
systems on each reactor / turbine unit are provided to distribute power to all the 
station and unit auxiliary boards required for normal and fault operations. 

221. The electrical systems are designed with high redundancy.  Normally 
energising a single board is sufficient to maintain an adequate level of post-trip 
cooling.  Furthermore, safety rules for ensuring that plant operational states are 
compliant with design criteria such as the single failure criterion ensure adequate 
levels of redundancy. 

Loss of off-site power 
222. Each station has at least four main stand-by electrical power generators 
driven by either GT or diesel engines depending on the specific site.  Each of the 
main standby generators is connected to the electrical supply system via its own 
switchboard.  The standby generator switchboards are independent of each other, 
but provisions are made for electrical interconnection should the need arise, noting 
that one standby generator is capable of supplying all the post-trip cooling 
requirements of a pressurised reactor.  The GTs and diesel engine driven electrical 
alternators start automatically on loss of grid. 

223. During a loss of grid fault, essential functions of the fuelling machine, buffer 
stores, Emergency Cooling Water (ECW) systems, Irradiated Fuel Disposal Facility 
(IFDF) and pond cooling are maintained since essential safety functions for all 
facilities are backed-up by electrical supplies from the essential electrical supplies 
system, which are supported by the on-site emergency generation system. 

224. There are no fuel storage ponds at Wylfa, irradiated fuel is stored in dry cells 
which do not require electrical supplies to maintain fuel integrity.  Also Oldbury NPP’s 
irradiated fuel cooling pond is tolerant to extended periods without electrical power, 
with passive natural circulation cooling adequate for many weeks.  Therefore, these 
facilities will not be considered further in the progressive loss of electrical power 
assessment reported herein. 

225. While all ordinary back-up AC power sources are capable of supporting their 
loads for at least 24 hours, in some cases this does not extend to 72 hours without 
off-site re-supply.  However, due to the low power density of the gas-cooled reactors 
and the massive thermal inertia of the graphite core, if cooling was successfully 
maintained for 24 hours and subsequently lost it would be a further 48 hours before 
significant fuel damage would occur. 

Loss of off-site power and loss of the ordinary back-up AC power source 
226. A loss of off-site power (LOOP) and loss of the ordinary back-up AC power 
source is considered within licensees’ existing safety cases and there are installed 
provisions to deliver the essential safety functions. 
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227. At Wylfa, Dungeness B and Hunterston B, permanently diverse AC power 
sources, in the form of diesel generators, are installed and will provide electrical 
power upon loss of off-site power and ordinary back-up AC power.  These generators 
are typically at a lower voltage level than the ordinary AC power sources and provide 
supplies to essential cooling and indication functions through diverse cable routes 
and switchgear.  At Heysham 2 and Torness, a later design of AGR, the diverse 
sources of AC electrical power supplies specifically support systems required for 
post-reactor-trip natural circulation of the reactor core; additionally, in the event of 
failure of the these supplies diesel driven pumps are available.  For Heysham 1, 
Hinkley Point B and Hartlepool there are no diverse AC back-up power sources and 
the stations rely upon natural circulation to provide core cooling. 

228. In a Station Black-out (SBO) condition, sufficient cooling can be maintained to 
the station fuel route areas for at least 72 hours.  A LOOP and failure of ordinary 
back-up AC power sources co-incident with refuelling operations is considered to be 
a beyond design basis condition for all sites.  However, hand-winding capability 
exists at all sites to allow the fuel to be moved to a safe state, although indication 
would be limited. 

229. For the majority of sites, cooling to the buffer stores will be maintained 
through diesel-driven back-up cooling pump systems.  For one site, Dungeness B, no 
installed diesel-driven pump is provided.  It is considered that under certain 
circumstances cooling may be required within 24 hours through either a portable 
generator to power the dedicated pump or through the use of a fire tender pump.  
The latter would require access to the valves to reconfigure the system.  With peak 
stringer decay heat, stagnant BST water jacket boil-off would take at least 24 hours; 
however, for average decay heat fuel assemblies it would take several days for the 
BST water jacket to boil dry.  With no cooling, the seals on the BST would eventually 
fail if there were no intervention. 

230. For the IFDFs at some sites, emergency cooling flow can be established from 
high pressure CO2 tanks which hold a 12-hour supply.  At Heysham 2 and Torness, 
cooling water could be provided to the cooling jacket from a diesel-driven pump 
system.  If required, the cell could also be sealed and flooded from a dedicated 
header tank.  Irrespective of the above arrangements, a complete loss of electrical 
supplies would result in fuel temperatures in the IFDF peaking at 560–580°C.  This 
temperature is considered insufficient to cause pin failures for intact fuel within ten 
days. 

231. For AGR ponds, following a loss of cooling transient, bounding calculations 
assuming all fuel is at the decay heat limit indicates that it would take at least 29 
hours before pond water boiling could occur.  However, based on operational 
experience considerably more time is available for loss of cooling transients at typical 
decay heats, this would be in the order of several days.  Operator actions would then 
be necessary to top up the water level, as necessary, using diesel-driven pumping 
systems such as the fire main.  At some sites, pond cooling can be provided using 
portable equipment which can be deployed, if required.  Such systems use their own 
electrical generators.  It is considered that around 40 hours exist for this system to be 
deployed before the pond temperature rises beyond the capacity of the system to 
achieve successful cooling. 

Loss of off-site power and loss of the ordinary back-up AC power 
sources, and loss of permanently installed diverse back-up AC power 
sources 
232. This has been considered to be a total loss of all AC supply capacity.  It is 
considered that battery fed DC and AC systems shall remain available until battery 
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capacity has been exhausted.  Since there are no diverse AC power sources for any 
of the fuel routes, the effect is as described above. 

233. All stations have a safety case that for a pressurised reactor relies on natural 
circulation in the primary circuit, supported by pumped water feed to at least one 
boiler.  On loss of all power, trip and shutdown functions are failsafe.  All electrically-
driven forced cooling would be lost.  While the capacity of battery systems vary from 
system to system and site to site, it can be expected that most will be discharged 
between 30 minutes and two hours following the loss of off-site supplies and on-site 
AC power sources. 

234. The licensees state that adequate cooling can be maintained through natural 
circulation of the pressurised primary circuit with diesel or petrol-driven pumps on the 
backup boiler feed system; and diesel-driven pressure vessel cooling pumps, where 
required. 

235. Should the complete failure of electrical and diesel driven pumps occur 
following a reactor trip, i.e. complete loss of cooling, failure of the internal core 
support structures will generally start to occur after ten hours.  If supplies are re-
established in this period and post trip cooling re-established no damage to the fuel 
material should have occurred.  Any provision of cooling in the intervening time will 
also extend this time; see the section on loss of primary and alternate heat sink 
below for further details.  It is considered by Magnox Ltd that up to 24 hours exist to 
establish natural circulation to prevent fuel damage at Wylfa. 

236. For a depressurised reactor, the minimum cooling requirements require 
forced circulation unless operator action is taken to reseal the pressure vessel and 
re-pressurise the primary circuit.  Neither of these options is currently possible using 
installed equipment under SBO conditions. 

237. Due to the external nature of the gas circulators at Dungeness B and Wylfa, 
loss of all AC power is expected to lead to the failure of the circulator seals resulting 
in leakage of CO2 and a slow depressurisation of the reactor.  It is considered that 
the natural circulation pressure limit would be reached within one to two days if CO2 
supplies could not be re-instated or seals restored. 

Loss of the decay heat removal capability / ultimate heat sink 

Design provisions to prevent the loss of the primary ultimate heat sink, 
such as alternative inlets for seawater or systems to protect main water 
inlet from blocking 
238. The operational duty of the MCW system is to remove heat from the 
condensers and to provide cooling to a number of auxiliary systems.  In addition to 
the MCW system heat is also transferred to the ultimate heat sink by the ECW 
system which provides cooling to a number of essential reactor services.  Cooling 
water for both systems is taken from the sea (or from the Severn Estuary in the case 
of Oldbury) and flows through a number of redundant rotating drum screens.  The 
MCW and ECW systems are common up to the drum screens but independent 
thereafter. 

239. Typically the ECW system is operated as two segregated seawater circuits 
with one pump running in each circuit (two pumps per circuit, with one operating and 
one on standby).  Each circuit serves both reactors and each is capable of providing 
sufficient post-trip cooling for plant of both reactors in the event of the loss of the 
other circuit.  The ECW system provides cooling to a number of safety-related 
systems, including the pressure vessel cooling water system. 

240. The main defence against total loss of seawater cooling rests on the 
redundant and segregated design of the MCW and ECW systems.  For example 
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segregation of pumps within the cooling water pump house and the provision of four 
100% ECW pumps. 

241. Operator actions would be initiated to prevent gross fouling of the drum 
screens as this could result in the associated MCW and ECW systems becoming 
unavailable, as there are no alternative intakes available for seawater.  Full or partial 
blockage of the cooling water drum screens would initiate an alarm in the Central 
Control Room (CCR).  The operators are trained to protect the ECW system and 
Station Operating Instructions (SOI) require the operators to take manual 
preventative action such as shutting reactors down and reducing MCW flow. 

Loss of the primary ultimate heat sink 
242. Back-up cooling to essential plant in the event of fault situations including loss 
of ECW is provided by the back-up essential cooling water system.  The back-up 
essential cooling water systems vary between stations but all include petrol / diesel-
driven pumps fed by towns-water, or in the case of Dungeness B, a lagoon.  For 
example the Hartlepool Low Pressure Back-up Cooling System includes three 100% 
diesel driven pumps with each pump being battery started and having a dedicated 
fuel tank sufficient for 24-hour operation. 

243. For loss of the primary ultimate heat sink the basis of the safety case is that 
post-trip cooling is provided by either forced or natural circulation of primary coolant, 
with the main boilers fed by the post-trip boiler feed system and pressure vessel 
cooling supported by the back-up essential cooling water system.  Consequently the 
loss of the primary ultimate heat sink is considered to be protected and within the 
design basis. 

244. When fuel is in the fuelling machine decay heat is transferred through natural 
heat losses to the air in the charge hall and loss of the heat sink is not considered 
credible.  Fuel in the buffer stores is cooled by the ECW system which has the sea as 
its heat sink.  In the event of loss of the ECW system the back-up essential cooling 
water system would be initiated.  Total loss of active cooling to the IFDF is 
considered to be tolerable. 

245. The ultimate heat sink for the ponds is the sea via the ECW system.  Pond 
water is generally maintained in the temperature range 25°C to 30°C.  The loss of the 
ultimate heat sink would result in loss of cooling to the pond.  Following loss of the 
ultimate heat sink it would typically take several days for the ponds to reach boiling 
point.  Diesel-driven pumping systems (such as the fire main) could be used to 
provide top-up to the pond in the event of loss of the ultimate heat sink.  For 
Hartlepool and Heysham 1 a portable pond cooling system is available which is 
designed to maintain the pond water temperature below 75°C to prevent through wall 
cracks developing in the pond wall. 

246. In the case of Magnox fuel stored in a pond, the loss of the primary heat sink 
poses no immediate threat of fuel damage.  The low power density ensures that the 
decay heat is readily dispersed.  In the case of dry storage, the ultimate heat sink is a 
natural flow of air through chimneys.  The loss of this system would require 
essentially total blockage of these chimneys.  Debris is unlikely to provide this level of 
blockage, but this can not be discounted if the site was flooded.  In the absence of an 
air flow, the dry store has a significant grace time before fuel damage (due to the 
mass of the facility and the low power density). 

Loss of the primary ultimate heat sink and the alternate heat sink 
247. This event proposes the loss of all seawater, towns-water and any air-based 
cooling system through failure and unavailability.  The scenario is beyond the design 
basis of gas-cooled reactors due to its extremely low frequency.  In such a scenario 
for a pressurised reactor the priority would be to restore boiler feed.  For a de-
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pressurised reactor it would first be necessary to re-seal and re-pressurise the 
reactor. 

248. If the ultimate and alternative heat sinks are lost, the natural circulation flows 
would transfer heat from the core to structures leading to failures of key components 
before the onset of severe fuel damage.  Depending on the station design and on the 
fault conditions, either boiler supports or core supports will fail first, although the 
timescales are predicted to be greater than ten hours.  It should also be noted that 
the basis of the ten-hour period is considered by EDF NGL to be a conservative 
judgement allowing for uncertainties in the understanding of natural circulation and 
heat transfer when there is no boiler feed.  A more realistic estimate of the timescales 
before structural failure is considered by EDF NGL and Magnox Ltd to be 24 hours. 

249. For this total loss of cooling scenario if a viable boiler feed can be restored 
before ten hours the situation is recoverable and severe core degradation is not 
expected to occur.  This time would be extended if a controlled blow-down of the 
reactor were initiated.  Sensitivity studies have indicated that if the boilers are fed for 
one hour before being lost, then the timescale on which feed can be restored is 
increased to at least 14 hours. 

250. For a shut-down and de-pressurised reactor loss of equipment cooling could 
also result in loss of forced gas circulation resulting in very little heat transfer from the 
fuel to the structures.  The timescale available to recover cooling is dependent on the 
plant state and time since shutdown.  For a shut-down reactor, when the decay heat 
has reduced to the point at which the reactor can be depressurised, there are 
technical specification arrangements which are intended to ensure that all permitted 
states allow sufficient time for the required recovery actions. 

Loss of the primary ultimate heat sink, combined with station 
black-out 
251. This scenario proposes a loss of the primary ultimate heat sink (seawater 
cooling) in combination with complete SBO.  Since the boiler feed systems and 
auxiliary cooling systems include diesel / petrol-driven pump systems, this scenario 
should be protected against providing the diesel / petrol pumps can be started and 
for as long as water and fuel supplies are available. 

252. However, the UK licensees have also considered an additional scenario of 
complete SBO with a loss of all heat sinks, including all diesel/petrol driven pump 
systems.  In this situation the position is essentially that for complete loss of all heat 
sinks considered above. 

Time of autonomy of the site before loss of normal cooling condition of 
the reactor core and spent fuel pool 
253. As noted above protection against this scenario is only limited by the 
available water and fuel supplies for the backup cooling supplies.  In all cases, 
supplies are sufficient for at least 24 hours and generally longer. 

254. In the event of complete SBO with a loss of all heat sinks, including all 
diesel/petrol-driven pump systems, core structural failures would occur on the AGRs 
after a minimum period of ten hours if boiler feed could not be restored. The ten 
hours was calculated on a conservative basis.  Thermal hydraulic analysis performed 
on a best estimation basis predicts that 24 hours is available to perform corrective 
action prior to core structural damage.  

255. For AGR ponds, following a loss of cooling transient, bounding calculations 
assuming all fuel is at the decay heat limit indicates that it would take at least 37 
hours before pond water would lower by 1 m as a result of cooling water boil off.  
However, based on operational experience considerably more time is available for 
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loss of cooling transients at typical decay heats, this would be in the order of several 
days.  

External actions foreseen to prevent fuel degradation 
256. Currently there is a set of emergency equipment that would support essential 
safety functions with additional special items to enable forced cooling to the reactor.  
This equipment is located off-site and centrally within the UK on trailers that can be 
transported to the affected site in less then ten hours (times will vary depending on 
site location) following the declaration of a nuclear emergency.  Additional time would 
be required to deploy the equipment on-site.  Note that due to its island location, 
Wylfa has its own set of beyond design basis equipment located on high ground just 
off the site boundary.  

Maintaining the containment integrity after occurrence of 
significant fuel damage (up to core meltdown) in the reactor core 

Elimination of fuel damage / meltdown in high pressure 
257. The concern in this section is that a failure of a reactor pressure vessel could 
lead to a jet of superheated molten material (termed ‘corium’) into the secondary 
containment and lead to the containment atmosphere exceeding its design pressure.  
For the gas reactors it is believed that the massive concrete pressure vessel provides 
a robust barrier containing the corium even at high pressure; therefore, it is believed 
that high-pressure ejection of corium from the vessel is not possible. 

Management of flammable gas risks inside the containment 
258. Following the events at Fukushima, ONR requested that EDF NGL 
investigate the hazards associated with carbon monoxide (CO) during a beyond 
design basis event.  During operation within the design basis there is no CO hazard 
in an AGR; however, during an extreme beyond design basis event significant 
quantities of CO may be generated and depending on the accident scenario, could 
be released into the reactor building creating an explosive hazard.  EDF NGL is 
currently carrying out studies to assess to what extent a flammable / explosive 
mixture could be formed. 

259. The Severe Accident Guidelines (SAG) discuss the risk of carbon monoxide 
generation in the pressure vessel during high temperature faults, and warn about the 
risk of carbon monoxide ignition when mixed with air.  Carbon monoxide release from 
pressure vessel penetrations and build-up in a gas reactor building is possible.  
However, it will be mixed with carbon dioxide.  This substantially reduces the range 
of flammable carbon monoxide concentrations.   

260. The production of hydrogen in a gas reactor does not occur by the same 
mechanism as that in a PWR, where it is due to oxidation of Zircaloy fuel cladding by 
steam via an exothermic reaction.  In an AGR, it is postulated that there is the 
possibility of hydrogen generation in the pressure vessel if water ingress is 
accompanied by reactor temperatures well above normal operating levels.  In a worst 
case loss-of-cooling accident, these temperatures would only be reached about 1 
day into an accident. 

261. The topic of combustible gas is the subject of ongoing consideration by the 
UK licensees. A study of flammable gas generation and flammability, in response to 
Fukushima has shown that hydrogen may occur mixed with CO.  This study will 
influence the advice in the SAGs. In particular, the SAG warnings about the presence 
of flammable gases in such extreme faults will be augmented with advice on the 
nature of the hazards.  The SAGs will also advise on methods for venting and flaring 
to mitigate the hazards so that the accident management plan, devised by the 
Emergency Controller and his team, includes measures to control the risks. 
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Prevention of overpressure of the containment 
262. Gas-cooled reactors do not have containment buildings.  The reactor 
buildings are non-pressure retaining structures; they will not over-pressurise as they 
are designed to relieve pressure in the event of a hot gas or steam release from the 
reactor.  The containment barrier is the reactor pressure vessel.  Design is such that, 
in order to prevent any fuel damage, it is beneficial to maintain the pressure within 
the vessel to enable natural circulation of the coolant gas.  Controlled 
depressurisation can be carried out, but it is not an issue in the way it is for a light 
water reactor.  The primary design provision to prevent over-pressurisation of the 
reactor pressure vessels is the safety relief valves (SRV).  In addition, there are blow-
down routes used in normal operation to provide a route for lowering the vessel 
pressure; this also provides the ability to fill the vessel with air as part of normal 
maintenance regimes.  All discharge routes are fitted with filters, including particulate 
filters on the SRVs.  These operate to limit particulate discharge in design basis 
faults.  In severe accidents, these may eventually saturate, at which point they are 
bypassed by bursting disks. 

Prevention of re-criticality 
263. There are variations in the designs of gas-cooled reactors with respect to 
shutdown and hold-down provisions.  All have a significant number of control rods 
that are designed to fall into the core under gravity following a reactor trip.  
Achievement of long-term sub-criticality, that is, after temperatures have reduced and 
any transient reactor poisons have decayed, requires only a small portion of the full 
complement of control rods.  All gas reactors are designed to remain shut-down (with 
a significant shutdown margin) with a group of control rods fully withdrawn from the 
core.  This group of rods, referred to as the “safety group”, is fully withdrawn when 
the reactor is shut down and remains available to provide negative reactivity 
contribution should there be any indication of an unplanned approach to criticality 
while the reactor is shut down. 

264. In addition, Magnox reactors have a diverse shut-down and hold-down 
system based upon boron dust that may be injected into the reactor.  AGRs are 
designed with nitrogen injection that can achieve shut-down and / or hold-down.  
They also have the option of adding water as a neutron absorber to prevent re-
criticality and ensure long-term hold-down.  Further, any action to cool the core will 
be extremely beneficial due to the positive moderator temperature coefficient in the 
gas reactors. 

Prevention of basemat melt through 

Potential design arrangements for retention of the corium in the 
pressure vessel 
265. Magnox and AGRs have massive concrete pressure vessels that are over 
three metres thick at their thinnest point.  They provide the best means for long-term 
containment of a degraded core.  There is, however, the possibility of erosion of the 
base from core-concrete interaction following relocation of corium from the core.  The 
ablation rate of the concrete floor is slow, taking several weeks to penetrate a few 
metres of concrete. 

266. For the prevention of basemat melt through, it is possible to flood the reactor 
with water.  Failing this, the advice given in SAGs is to fill any rooms or tunnels below 
the vessel as quickly as possible with fast-setting concrete to seal any bypass route 
and maintain slow ablation of concrete. 
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Cliff-edge effects related to time delay between reactor shutdown and 
core meltdown 
267. Best estimate analyses for a pressurised reactor (where natural convection 
will self-establish) indicate that there is up to 24 hours before any form of cooling 
water (water fed to boilers or gas circulators) is required.  Implementing feed water 
would terminate the transient.  Forced coolant gas circulation at 24 hours would 
distribute heat more evenly in the massive core, giving a significantly extended 
period before feed water would be required.  This point could be a cliff-edge in that 
afterwards conventional use of the installed cooling system might not prevent core 
melt due to loss of core geometry. 

268. For a de-pressurised reactor this period could be reduced.  In both 
circumstances, cooling of the reactor by improvised methods could still prevent 
melting on to the concrete basemat of the reactor pressure vessel. 

Need for and supply of electrical AC and DC power and compressed air 
to equipment used for protecting containment integrity  
269. For gas reactors, the SAGs advise on protecting the containment provided by 
the vessel after depressurisation and significant fuel damage.  Studies have shown 
that an AGR pressure vessel would be structurally intact for at least 14 days at 
internal temperatures of 1200°C.  There are steel penetrations passing through the 
pressure vessel wall and studies show that these will provide containment for about 
two days after internal temperatures exceed creep rupture temperature (about 
600°C).  If cooling is preserved to the penetrations then they will provide containment 
for many days.  The SAG on maximising residual cooling advises that, in the event of 
loss of normal pumping systems, consideration should be given to providing ad hoc 
supplies to the Pressure Vessel Cooling System (PVCS).  Failing this, the SAGs 
advise removing outboard insulation from the penetrations and improvising cooling 
air-blast or water-spray.  There is control instrumentation provided to maintain this 
boundary and it is wired into two main control facilities; the Main Control Room 
(MCR) and the Alternative Indication Centre (AIC) / Emergency Indication Centre 
(EIC). 

Licensees’ conclusions 

Adequacy of protection against loss of electrical power 
270. The licensees considered LOOP an event within the design bases for the gas 
reactors.  The licensees also concluded that following LOOP there are sufficient 
supplies of fuel and water to maintain at least a 24-hour mission time and with 
sensible conservation measures, a mission time of beyond 72 hours can be achieved 
for the majority of sites. 

271. LOOP combined with loss of the ordinary back-up AC power supplies is an 
event considered within the safety case for all gas reactors with adequate provisions 
in place to support the essential safety functions.  In addition, there are provisions 
off-site that can be deployed to sites to provide power generation capability and aid 
continued post-trip cooling of the reactor.  Further, it is considered that sufficient 
cooling can be maintained to the station fuel routes for at least 72-hours. 

272. The current robustness of the plants is compliant with its design basis for loss 
of electrical power.  However, steps to improve the resilience of the plant following a 
beyond design basis event are being considered by licensees. 

Adequacy of protection against loss of ultimate heat sink 
273. The licensees consider loss of the primary ultimate heat sink within the design 
basis for the gas reactors and that no external actions are required beyond those 
already covered by the SOI to prevent fuel degradation. 
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274. It is also concluded that in the event of a loss of the heat sink, there are 
sufficient stocks of essential supplies (cooling water, fuel) for a minimum period of 24 
hours.  The licensees recognise that in the light of the events at Fukushima there is a 
potential for improvement to resilience to loss of power and heat sink scenarios and 
that 24 hours is a short mission time for essential stocks. 

275. If all cooling is lost, there is a minimum period of at least ten hours during 
which if boiler feed can be restored the situation is recoverable and severe core 
degradation is not expected to occur, however, a more realistic timescale before the 
onset of severe core degradation is 24 hours, re-establishing cooling within the 
period will prevent severe core damage. 

Adequacy of severe accident management systems for protection of 
containment integrity 
276. For the currently operational gas-cooled reactors, the final containment is not 
a containment building but the massive concrete pressure vessel.  For these reactors 
the timescales under which severe accident damage occurs is greater than for light 
water reactor designs.  This means that primary focus for accident management is 
provision, restoration and maintenance of core cooling capability together with 
maintaining pressure vessel integrity.  The provision, restoration and maintenance of 
cooling systems will also support pressure vessel integrity. 

277. Following the Fukushima accident, the licensees undertook evaluations of 
plant requirements, documentation, training and the emergency response 
organisation associated with beyond design basis events.  The main findings were 
that they have relevant SOI and a suite of Symptom Based Emergency Response 
Guidelines (SBERG) designed to manage a beyond design basis fault for the reactor 
plant.  The scope of these documents only covers operating reactors on a site (and 
not items like fuel route / ponds).  The licensees have identified that there is an 
opportunity to improve documentation and training. 

Pressurised water reactor (Sizewell B) 
278. The PWR used at the Sizewell B NPP is based on a Westinghouse four-loop 
plant referred to as a SNUPPS design.  Examples of the main enhancements for 
Sizewell B when compared to the SNUPPS design is the provision of a Secondary 
Protection System, Emergency Boration System (EBS), turbine driven Auxiliary 
Feedwater Pumps and Emergency Charging Pumps and Battery Charging Diesel 
Generators.  A basic description of the plant design is provided below.  

279. Sizewell B, as a light-water reactor, differs from gas-cooled reactors in that 
the thermal inertia of the primary circuit is smaller when compared to its power 
density.  The main heat sink is provided by the condensers, which exchange heat to 
seawater in the same way as for gas-cooled reactors.  The primary focus for heat 
removal is the steam generators and initially the strategy for their use is similar to 
that of the gas-cooled reactors in that loss of main feed causes a fall back to auxiliary 
feed systems. 

280. Post-trip, cooling is normally provided by the main feed system from the main 
condensers, rejecting heat to the main seawater systems via the main condensers in 
a closed loop.  The main feed pumps are capable of feeding water at rates 
appropriate for initial post-trip cooling, and with suitable power supplies, long-term 
cooling is available provided that feed water can be re-circulated via the main 
condensers. 

281. The loss of main condensers results in the loss of the feed supply to the main 
feed pumps; in this case the auxiliary feed system will be automatically started.  The 
auxiliary feed system is both redundant and diverse, with some pumps driven directly 
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from the main steam system and not requiring either seal injection, component 
cooling water or power supplies for continued operation. 

282. Sizewell B has dedicated plant to provide an alternative to the main station 
cooling water systems operating in a recirculation mode.  However, these systems 
require continued function of parts of the condensate system.  Alternatively, feed and 
safety injection systems can be used on a once-through basis, with steam vented to 
the environment and water provided from on-site reserves taken from storage tanks. 

283. In the medium term, injection of water is required to the reactor primary circuit 
to make up for leakage through the seals of the main coolant pumps and also to 
provide sufficient boron to ensure that the core remains sub-critical as it is returned to 
a cold shutdown condition. 

284. Direct injection of coolant (in combination with venting steam) can also be 
used as a means of removing decay heat (although this is not the preferred method).  
Numerous systems can be used for this, depending on the ability of the operators to 
control primary-circuit pressure.  The system normally credited for “feed and bleed” 
operations is the high-head safety injection system, although the Chemical and 
Volume Control System (CVCS) and to some extent the emergency charging system 
are also credited.  The emergency charging system is an autonomous steam-driven 
system designed to operate in the absence of AC power.  In the event that the 
operator can depressurise the primary circuit, a significant number of other injection 
systems become available. 

Loss of electrical power 

Loss of off-site power 
285. Sizewell B is connected to four off-site circuits, each at 400 kV.  The normal 
configuration is for all four of the 400 kV bus-bars to be inter-connected.  A LOOP 
from full power will result in a reactor trip and loss of electrical supplies.  The EDG 
will be automatically started to supply the essential loads.  The low voltage 
uninterruptable power supplies will be provided by electrical batteries, which are 
supported by the EDG system and two dedicated battery-charging diesel generators.  
Decay heat removal and any subsequent cool down of the plant would be via natural 
circulation of the Reactor Coolant System (RCS); the reactor coolant pumps are not 
connected to the essential supplies. 

286. The EDGs consist of four separate diesel-driven generator systems, each 
capable of generating sufficient power to the essential loads, connected to the 
essential switchboards.  The units are located in their own cells, independent of each 
other.  The cells are located in pairs, with each EDG segregated from the adjacent 
unit in its pairing.  One pair of EDGs is in the diesel building adjacent to the control 
building, and the other pair is located in the auxiliary shutdown and diesel building on 
the opposite side of the reactor building. 

287. A LOOP is considered within the Sizewell B station safety case and there are 
sufficient supplies of fuel for the diesel generators to continue operating under full 
load for at least 72 hours. 

Loss of off-site power and loss of the ordinary back-up AC power source 
288. In situations where the EDGs are unavailable, for events at power or during 
hot shutdown, the following systems are used to provide safe shutdown: 

 Steam driven equipment. 

 Pneumatic equipment derived from compressed gas reservoirs. 

 Battery derived low-voltage electrical systems. 
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289. For events where the primary circuit does not remain intact, steam-driven 
systems are replaced with gravity fed systems. 

290. The low-voltage electrical systems consist of redundant battery-fed systems 
to provide power, and control and instrumentation.  These low-voltage systems have 
an autonomy time of at least two hours. 

291. Two dedicated diesel generators are provided to recharge the batteries of 
these systems, although only one is required to support the load.  These are capable 
of being started locally to the engines, without reliance on the general station 
batteries, and bulk fuel storage tanks are available which have the capacity to 
support each generator for approximately 80 hours. 

292. For the fuel route, the worst-case situation is considered to be when a core 
de-load has just been concluded.  A loss of power, if left unchecked, could mean 
boiling within approximately four hours, with fuel being uncovered about 30 hours 
later.  Water top-up can be established using an emergency hydrant connection to 
deliver water direct to the fuel pond, either from the hydrant system (diesel driven 
pumps) or using a fire tender / portable pump. 

Loss of off-site power and loss of the ordinary back-up AC power 
sources, and loss of permanently installed diverse back-up AC power 
sources 
293. At Sizewell B, batteries provide power for the control and instrumentation.  
Loss of the diverse back-up AC power sources would result in loss of charging to the 
essential safety function support batteries.  The autonomy time for these batteries is 
around two hours. 

294. In a hot shutdown scenario, before this time, turbine-driven auxiliary feed 
pumps should have been established.  These turbine-driven pumps can supply 
cooling for at least 24 hours. 

295. In a cold shutdown, if the primary circuit is not pressurised or intact, such as 
during a refuelling outage, the water tank of a gravity feed system can provide 
sufficient cooling for at least 24 hours before the core may become uncovered 
provided that the primary circuit is sufficiently open to vent the steam. 

Loss of the decay heat removal capability / ultimate heat sink 

Design provisions to prevent the loss of the primary ultimate heat sink, 
such as alternative inlets for seawater or systems to protect main water 
inlet from blocking 
296. The seawater supplies for Sizewell B are designed on similar principles to the 
AGR systems described above: with a single main intake tunnel and multiple rotating 
drum screens.  Similar dosing practices are followed to control fouling. 

Loss of the primary ultimate heat sink 
297. As with AGRs, the loss of the primary ultimate heat sink is considered to be 
an infrequent event within the design basis.  Assuming loss of the ability to reject 
heat from the reactor via the main condensers, heat can be rejected to atmosphere 
by the steam dump system. 

298. Reactor trip is automatic.  Once tripped, the plant is manually taken to cold 
shutdown conditions.  Once depressurised and cooled, the primary cooling system 
can be realigned to reject heat to the Residual Heat Removal System (RHRS).  The 
RHRS can reject heat to the Reserve Ultimate Heat Sink (RUHS) air coolers and, 
therefore, the system is independent of the seawater system.  This alternative 
arrangement provides long-term cooling.  The RUHS system is independent and 
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separate from the seawater systems and is maintained available at all times.  It can 
be operated either from the control room or local to plant.  The RUHS system also 
provides a heat sink for component cooling water necessary for the functioning of 
other systems. 

299. In the event of a loss of primary heat sink during shutdown conditions, the 
RHRS will already be aligned to cool the primary circuit and the RUHS system can 
be deployed.  The RUHS system also serves the fuel pond cooling system if 
required. 

300. The continued functioning of the RUHS system requires either off-site power 
or successful operation of a diesel generator. 

Loss of the primary ultimate heat sink and the alternate heat sink 
301. In the event of loss of both seawater systems and the RUHS, the reactor 
steam generators can still be supplied with feed water using diverse and redundant 
systems of feed pumps to supply water, with the steam vented to atmosphere by 
power-operated relief valves. 

302. If the main steam systems are unavailable, the reactor can be cooled directly 
by injecting water into the primary circuit and venting steam into containment. 

303. In addition to the condensate storage tanks, stores of water from the town 
water system normally have sufficient water to meet decay heat requirements for a 
number of days without replenishment, provided that the pipe-work can be manually 
aligned to transfer the water. 

Loss of the primary ultimate heat sink, combined with station 
black-out 
304. In Sizewell B, SBO leads to loss of primary heat sink, so this event is 
addressed within the SBO section above.  There are no claimed installed systems 
designed to protect against this event. 

305. In the event of loss of all AC power, the essential DC system will continue for 
two hours, after which instrumentation and control will be progressively lost.  The 
main condensers and the RUHS will be unavailable from the outset, but it will be 
possible to align the turbine-driven auxiliary feed system to feed the steam 
generators (provided that the primary circuit is intact sufficiently to generate steam at 
a modest pressure).  The turbine-driven pumps will continue to inject in the absence 
of AC electrical supplies.  When DC supplies are lost, information on the state of this 
system will become unavailable to the operators, but valves will move to an 
(adequate) minimum-flow condition or can be manually operated.  This means that, 
in the short term, the pumps can continue to operate.  In the medium term, DC power 
may be required to provide satisfactory control. 

306. During re-fuelling outages, if the reactor pressure boundary is not intact, the 
steam generators will not be an effective heat sink.  With no cooling or electrical 
supplies, steam will be generated in the core, if the pressure boundary is sufficiently 
intact to maintain pressure, this steam will normally be vented through the 
pressuriser. However, if excessive steam is produced the internal pressure could 
exceed the pressure at which the core can be effectively cooled by gravity drain from 
the refuelling water storage tank (although this may have a role in affecting the 
progression of a core-damage event).  If power is not restored to the RHRS, the 
water level in the reactor pressure vessel will fall steadily.  Eventually this will lead to 
uncovering of the fuel and fuel damage. 

307. The worst case occurs when the reactor pressure vessel head is in place but 
the system is not pressure tight, in which case Sizewell B has a matter of hours to re-
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establish power supplies before core damage threatens the integrity of the pressure 
vessel. 

308. The condition where the vessel is not able to pressurise, but the vessel is not 
open to the refuelling cavity is a period of heightened risk, albeit for a short time.  In 
order to further reduce this risk the licensee is considering means of injecting water 
into the primary system using portable equipment. 

Time of autonomy of the site before loss of normal cooling condition of 
the reactor core and spent fuel pool 
309. Provided that the turbine-driven injection systems have been correctly aligned 
and continue to function, the time before alternative measures are required is limited 
by the supply of feed water.  The condensate storage tanks can provide 29-hour 
supply and the town water storage can provide a further five days if manually aligned. 

310. Preservation of these stocks would require manual action to optimise the rate 
of injection and to prevent their depletion by spurious action of systems that can also 
call on them (for example the fire suppression system).  Although it is noted that the 
auxiliary feed supply from the towns-water storage is drawn from a dedicated volume 
within the tank, this can be augmented by fire system water. 

311. In the event of failure of the turbine-driven feed systems, primary circuit 
inventory will be rapidly lost, initially due to water and steam passing through 
pressure relief valves.  Fuel uncovering in the reactor core and damage would 
commence in a matter of hours. 

312. For the fuel storage pond, at the decay heat limit there would be around 40 
hours following complete loss of cooling before uncovering of the fuel due to cooling 
water boil off.  However, the fuel cooling pond is likely to have days grace time, 
provided that the reactor core has not been recently offloaded.  

External actions foreseen to prevent fuel degradation 
313. Currently there is a set of emergency equipment that would support essential 
safety functions.  This equipment is located off-site and centrally within the UK on 
trailers that can be transported to the affected site in less then ten hours following the 
declaration of an off-site nuclear emergency.  Additional time would be required to 
deploy the equipment on-site. 

Maintaining the containment integrity after occurrence of 
significant fuel damage (up to core meltdown) in the reactor core 

Elimination of fuel damage / meltdown in high pressure 
314. The UK PWR does not include specific depressurisation design provisions 
dedicated to the elimination of high-pressure melt ejection (HPME).  The design 
intent is that, should the operator fail to depressurise using normal systems and a 
high-pressure failure of the primary circuit occurs, the corium would be confined to 
the lower compartment in containment and direct containment heating of this area 
would have only a modest affect on the internal pressure.  It was therefore judged 
that the strength and size of the containment would make the HPME threat to 
containment integrity small. 

315. The Sizewell B severe accident procedure includes actions that may prevent 
HPME.  These are depressurisation of the RCS (pressuriser pilot-operated SRV, the 
pressuriser spray or by opening the upper head vent) and establishment of a core 
cooling system. 
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Management of flammable gas risks inside the containment 
316. In a PWR, generation of hydrogen occurs during severe accidents due to 
oxidation of Zircaloy fuel cladding by steam, oxidation of other metals in the corium 
and molten core concrete interaction.  The severe accident analysis, presented in the 
Sizewell B safety case, considers the potential for hydrogen burns and detonations in 
the containment during each phase of a severe accident.  It concludes that hydrogen 
presents little risk to containment structural integrity due to the strength and size of 
the containment building and therefore the site has limited hydrogen mitigation 
provisions in the form of a small number of re-combiners within the containment 
building; these would be of limited use during a severe accident. 

317. The hydrogen purge system, which provides a diverse means of reducing 
hydrogen concentrations in accidents, provides a means of connecting to the 
emergency exhaust HVAC system and could potentially be used to vent hydrogen 
from the containment under severe accident conditions.  However, this route would 
not be feasible if hydrogen concentrations were above 3%, which would be likely 
following a severe accident, therefore this would have to be assured with ample 
hydrogen re-combination capacity, which Sizewell B does not have at present. 

Prevention of overpressure of the containment 
318. Sizewell B has some design features that would limit the occurrence of over-
pressurisation of the containment; namely, the large volume (such that a failure 
pressure of 0.996MPa is predicted), provision of containment fan coolers and water 
spray system and, as a last resort, the reactor building fire suppression system could 
be used for additional cooling.  Analysis predicts that primary containment will fail by 
overpressure between 37 hours and 96 hours (depending on the severe accident 
scenario) if no containment cooling is available. 

Prevention of re-criticality 
319. In-vessel re-criticality, in the PWR case, is judged as unlikely to happen 
because un-borated water would not normally be injected into the reactor pressure 
vessel.  The injection of highly boronated water is initiated as required, post-trip to 
provide the necessary hold-down.  Sizewell B can use a number of systems for this, 
including the normal volume control system and the turbine-driven emergency 
charging system. 

320. A composition of corium and moderator within the reactor cavity could be 
critical in certain configurations.  Once out of the vessel the margin to criticality 
increases.  Sizewell B includes a number of features to prevent or minimise the risk 
of re-criticality: optimised fuel configuration, low uranium enrichment, negative void 
coefficient, use of burnable poisons and water injection systems that use highly 
borated water.  It is judged that, even in the presence of un-boronated water, the 
corium configuration is unlikely to be critical. 

Prevention of basemat melt through 

Potential design arrangements for retention of the corium in the 
pressure vessel 
321. As there is no formal in-vessel retention strategy at Sizewell B it has to be 
assumed that corium will eventually end up on the basemat where it can be cooled 
by cavity flooding using the reactor building spray system or fire suppression system.  
The design of the building should ensure that between one and three metres of water 
is in the cavity prior to vessel failure, even without the operation of engineered 
safeguards. 
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Potential arrangements to cool the corium inside the containment after 
reactor pressure vessel rupture  
322. At Sizewell B, water is required to cool the corium in the containment; it can 
be injected via the reactor building spray or containment fire suppression systems.  
Analysis indicates that if this water is not available then molten core concrete 
interaction could cause containment failure in 57 to 85 hours. 

Cliff-edge effects related to time delay between reactor shutdown and 
core meltdown 
323. The analysis of PWR severe accident progression does not make any 
assumptions as to the function of equipment or operator intervention during the time 
from reactor shutdown to core meltdown.  The severe accident analysis predicts that 
following a severe accident initiator core melt (from full power operation) starts at 
about 0.6 to 2.5 hours after reactor shutdown depending on the characteristics of the 
initiator.  Hence, there are no cliff-edges in the current severe accident analysis 
associated with the delay between reactor shutdown and core meltdown, since short-
term recovery actions are not claimed. 

Need for and supply of electrical AC and DC power and compressed air 
to equipment used for protecting containment integrity  
324. At Sizewell B, the Essential Electrical System (EES) supplies the safeguards 
equipment used to protect containment integrity.  Following LOOP the essential 
diesel generators supply the safeguard loads.  Batteries and battery-charging diesel 
generators ensure uninterruptable low-voltage electrical supply to the control and 
instrumentation.  The redundancy and diversity provided by these systems has been 
described earlier in this report.  In addition to the safeguards systems, the 
containment integrity is also protected by the fire suppression system, which employs 
diesel-driven pumps.  Pneumatically- operated / controlled valves are used as well as 
electrical valves.  This gives diversity as they rely on stored energy in air receivers, 
they can function in adverse environmental conditions and they can be designed to 
fail either open or closed should the air supply be lost.  For the protection of 
containment integrity, none of the associated systems are reliant on a compressed 
air supply for successful initiation / operation during accident conditions. 

325. At Sizewell B, the EES operates autonomously in supplying the safeguard 
loads and will start up and load the essential diesel generators if required.  For 
severe accident scenarios that involve SBO, the battery-charging diesel generators 
will have to be manually started and loaded by operators such that battery backed 
supplies remain unaffected. 

Measuring and control instrumentation needed for protecting 
containment integrity 
326. For the PWR containment protection equipment, essential control and 
instrumentation is powered from the EES; during SBO scenarios, the control and 
instrumentation systems can be powered by the battery-charging diesel generators.  
No instrumentation is claimed specifically for the severe accident analysis apart from 
the ability to monitor containment pressure.  EDF NGL judges that containment 
pressure indication will be present post-fault provided that low volts essential power 
is available. 

327. Battery backed essential AC and DC systems have a minimum autonomy 
period of 120 minutes during which time battery-charging diesel generators, if 
available, can be started and supply the loads in the long term.  EDF NGL has stated 
that consideration is to be given to providing additional means to reinforce battery 
capacity and supply.   
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Capability for severe accident management in case of simultaneous core 
melt / fuel damage accidents at different units on the same site 
328. Sizewell B is a single PWR with an adjacent twin reactor Magnox site that has 
been shut down since 2006.  Therefore, this is not an issue that needs consideration 
at Sizewell B. 

Licensees’ conclusions  

Adequacy of protection against loss of electrical power 
329. LOOP is considered within the Sizewell B station safety case.  In the event of 
LOOP, there are sufficient supplies of fuel oil for the diesel generators to continue 
operating under full load for at least 72 hours. 

330. The current robustness and maintenance of the plant is compliant with its 
design basis in regard to loss of electrical power events.  However, steps can be 
made to improve the resilience of the plant for a beyond design basis event.  EDF 
NGL has identified a number of specific potential enhancements for beyond design 
basis faults related to SBO, for ongoing assessment. 

Adequacy of protection against loss of ultimate heat sink 
331. The licensee concludes that there is adequate redundancy and diversity of 
heat rejection systems to provide cooling in the event of accidents identified within 
the design basis. 

332. There is significant resilience in the event of beyond design basis events.  
However, potential improvements have been identified in the context of more 
extreme events.  In particular, events of extended duration, where loss of control and 
instrumentation occurs, can potentially threaten the function of safety systems.  
Measures to improve resilience are being considered. 

Adequacy of severe accident management systems for protection of 
containment integrity 
333. For the PWR it is concluded that despite the size and strength of the 
containment structure there are important groups of accident scenarios where all 
containment cooling has failed, that lead to gross containment failure either due to 
overpressure or basemat failure.  For severe accidents it is important not only to 
remove heat to provide protection against containment over-pressurisation but also, 
in the case of core melt resulting in reactor pressure vessel failure, to provide a 
means of cooling the ex-vessel debris, so as to minimise basemat attack. 

2a. Actions to be taken or planned by the licensees 

334. A number of areas for further consideration have been identified by EDF NGL 
aimed at increasing the robustness of their sites, in the case of loss of electric, 
ultimate (and alternative) heat sinks and containment integrity.  The ‘Considerations’ 
are similar for each station although some are station-specific.  In general terms, the 
key ‘Considerations’ include: 

 Improving the robustness of reseal and re-pressurisation arrangements (gas 
reactors). 

 Extending Control and Instrumentation (C&I) and lighting resilience. 

 Improved training, planning and pre-engineering in order to improve mitigation 
measures. 
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 Extending transient analysis using the latest calculation route to determine 
the timescales for prevention of fuel and structural damage for a range of 
scenarios. 

 Increasing mission time by increasing the capacity of water and fuel storage 
tanks on-site. 

 Increasing the provision of off-site back-up equipment, including equipment to 
enable boiler feed: a supply of suitable inert gas for primary circuit cooling 
(gas reactors), electrical supplies for lighting and control and instrumentation. 

 Improvements to the resilience of decay store cooling against loss of ultimate 
heat sink in respect of improved guidance to operators, fault recovery and 
understanding of credible consequences. 

 Improvements to the resilience of pond cooling and make-up against the loss 
of ultimate heat sink in respect of improved guidance to operators, 
replenishment of lost pond water and standalone pond cooling facilities 
having no dependence on any other station supplies or systems 

 Equipment to enable pressure vessel cooling. 

 Supply of suitable inert gas for primary circuit cooling (gas reactors). 

 Equipment to enable boiler feed. 

 Extending the compressed air supply for decay tube cooling (gas reactors). 

 Extending emergency command and control facilities including 
communications equipment. 

 Robust means for transportation of this equipment and personnel to the site 
post-event. 

335. There is already a set of emergency equipment stored off-site centrally within 
the UK.  However, it is recognised that there is scope to further improve this both in 
terms of the available equipment and its location. 

336. The electrical resilience measures are designed to ensure that the plant 
operators can recover electrical supplies.  This can be achieved using off-site located 
back-up generators to cover a period of 72 hours (after which higher-capacity 
generators may be deployed). The aim will be to recover critical plant operations or to 
assist in the accident management activities (emergency lighting, battery charging, 
operation of selected pumps / valves and operation of certain indications / control 
logic).  The cooling resilience measures are designed to ensure that the plant 
operators can recover cooling / containment. The resilience provisions specifically for 
the AGRs will include; primary circuit cooling support, secondary circuit cooling 
support, buffer store fuel management, ponds fuel management, 

337. A number of areas for further consideration have been identified by EDF NGL 
aimed at increasing the robustness of the PWR in the case of loss of electric, 
ultimate (and alternative) heat sinks and containment integrity.  Specifically for the 
PWR, EDF NGL is considering: 

 External connection points for plug-in of portable generators (415 V or 3.3 
kV). 

 Clean air trains connection. 

 EDG black start improvements. 

 EDF NGL will examine means of provision of portable power supplies, pumps 
and water supply equipment. 
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338. EDF NGL is considering the addition of a fixed Tee in the auxiliary feed 
system, similar to the existing hydrant in the Fuel Storage Pond Make-up system.  
This would be designed to enable connection of a fire tender or portable pump in 
order to provide feed water to the reactor steam generators.  In conjunction with this, 
EDF NGL is considering measures to enable the steam generators to be vented at a 
suitable pressure.  

339. Similarly, it may be possible to engineer a temporary connection to the CVCS 
system to enable water to be injected from the boric acid tanks to the core.  This 
would provide extra protection during outages, when the primary circuit is not 
pressure tight. 

340. Additional instrumentation for the fuel storage pond has been proposed to 
allow operators to better monitor the condition of the pond. 

341. For the Sizewell B containment, EDF NGL has concluded that the design is 
robust for design basis faults but areas have been identified for consideration which 
may provide further mitigation against beyond design basis events.  The resilience 
provisions for the PWR containment could include the installation of Filtered 
Containment Venting (FCV) and Passive Autocatalytic Re-combiners (PAR) and 
improvements to existing plant equipment to allow for water injection into 
containment during a severe accident scenario. 

342. Magnox Ltd state that they are committed to increasing the resilience of the 
on-site electrical systems, they have already increased the stocks of consumables for 
plant and personnel on-site.  Consideration has been given to the need to replenish 
supplies of water and diesel fuel, Magnox Ltd already have two road tankers located 
at their Wylfa site to enable the transportation of water from a local reservoir following 
a severe event. Also two measures which may increase the robustness of the 
back-up feed system and tertiary feed system are being considered.  Magnox Ltd is 
also examining alternatives for increasing the robustness of the dry stores against 
severe accidents. 

2b. Schedules to complete the operator’s planned 
activities 

343. The UK licensees have provided a high level overview of their timescales for 
the implementation of their measures to increase plant robustness against extreme 
external events.  This is provided in Table 4.  More detailed plans, relating to 
individual ‘Considerations’ are provided in Section 4 of this topic area.  

Table 4: Licensee high level plan for the completion of design issues 

On-site Resilience Modifications Completion 

EDF NGL 

Complete specification and design phase for on-site engineering 
enhancements 

Dec 2012 

Flood resilience construction Mar 2014 

Fire system seismic construction Apr 2013 

Existing ECC and AIC modifications construction Feb 2014 

Dewatering plant construction Apr 2013 

Emergency back-up inert gas supply tie-in points construction Mar 2013 
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On-site Resilience Modifications Completion 

Complete on-site resilience and enabling engineering 
modifications  

Dec 2013 

Secondary circuit cooling aux.  Oct 2013 

Boiler feed tie in points construction Mar 2013 

Emergency generation battery charging diesels project July 2013 

SZB Emergency Response Centre construction Oct 2013 

SZB containment Venting construction Oct 2014 

Magnox Ltd 

Enhancement of the methods and equipment for primary 
pressure circuit sealing. (Wylfa) 

Dec 2012 

Increasing the resilience of the Back-Up Feed System. (Oldbury 
and Wylfa) 

Dec 2012 

Increasing the resilience of the tertiary feed systems. (Wylfa) Dec 2012 

Increasing the resilience of the on-site electrical system. (All 
sites) 

Dec 2012 

Consideration will be given to providing a facility for the injection 
of nitrogen to support reactor hold-down. (Wylfa) 

Dec 2012 

Enhancement of the resilience of plant monitoring systems.  Dec 2012 

Providing additional stocks of consumables for plant and 
personnel. 

June 2012 

3a. Activities performed by the regulatory body 

344. Through the HM Chief Inspector’s reports (Refs 1 and 2), ONR has 
established a broad range of requirements.  Additionally, ONR has reviewed the 
licensee stress test submissions to confirm the adequacy of their submission and that 
all appropriate lessons are been taken onboard from the events at Fukushima. The 
application of the stress tests has resulted in the licensees identifying a number of 
resilience measures that are being further considered by the licensees.  It is ONR’s 
opinion that implementation of the majority of these measures should provide 
additional defence-in-depth capability to the systems for dealing with extreme beyond 
design basis events.  ONR is of the general opinion that the ‘Considerations’ made 
by the licensees are appropriate. 

345. ONR has supplied more detailed comments below against specific areas of 
the progressive loss of safety functions. 

Loss of electrical supplies 
346. ONR is of the opinion that the ‘Consideration’ of the provision of external 
plug-in points on the PWR is something that could provide benefit in post-event 
management for other sites.  Furthermore, ONR is of the opinion that this 
‘Consideration’ should also include a review of the potential for the integrity of 
switchgear to be compromised in any severe event, and therefore should examine 
the possibility for connection directly to plant.  For these reasons, ONR has raised a 
specific finding (Finding STF-8) in the National Report on stress tests (Ref. 3) that 
this should be addressed. 
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347. AGR and Magnox station batteries in general only have the declared 
capability for 30 minutes, while those on the PWR are capable of providing 2-hour 
support.  Providing the on-site AC power sources can be started within this timescale 
then this is considered appropriate.  The events at Fukushima, however, have 
highlighted the potential for a single event to result in the common cause failure of 
multiple systems and widespread disruption to operations on-site.  This disruption 
may easily preclude operator action in the early stages of an event.  While EDF NGL 
and Magnox Ltd have both recognised the need to consider improving resilience of 
control and instrumentation systems, ONR considered it appropriate to have raised a 
finding (Finding STF-9) in the National Report on stress tests (Ref. 3) on all licensees 
that extension the autonomy time of battery supplies should be investigated.  ONR 
notes that this work, along with Findings STF-8 to STF-10, will also contribute to 
addressing Recommendations IR-17 and IR-18 of HM Chief Inspector’s Final Report 
(Ref. 2). 

348. While the majority of prime movers associated with essential safety function 
generators and pumps are capable of being started without reliance on the general 
station batteries, others cannot.  ONR considers that the reliance of these prime 
movers on other station systems increases their potential for unavailability due to 
common cause failure events.  ONR therefore considers it appropriate to raise a 
finding (Finding STF-10) in the National Report on stress tests on all licensees in this 
area. 

349. UK NPPs hold sufficient fuel and water stocks to provide for essential cooling 
for at least 24 hours.  The events at Fukushima have highlighted the potential for 
widespread damage to the local infrastructure preventing the replenishment of 
supplies.  ONR considers that licensees should therefore investigate increasing fuel 
and water stocks for essential safety functions, where practical to do so.  It is noted 
that in many instances, the licensees already considers that some systems can 
operate for significantly longer than 24 hours but is considering options to further 
improve resilience times for these and remaining systems.  Magnox Ltd has also 
recognised the desire to reinforce electrical systems.  ONR has reinforced the 
licensees ‘Considerations’ by raising Finding STF-9 in the National Report on stress 
tests (Ref. 3) and Recommendation IR-19 of HM Chief Inspector’s Final Report (Ref. 
2). 

350. A current assumption is that beyond 24 hours either additional resources, 
such as fuel, can be brought to site, or off-site supplies can be restored.  While the 
ability to restore off-site power is not something that has yet challenged the 
autonomy time of on-site AC power sources in the UK, the events at Fukushima 
show how this assumption can be challenged.  In support of this, UK licensees are 
currently working with transmission network operators to review the current resilience 
arrangements, this work was undertaken to address Recommendation IR-17 of the 
HM Chief Inspector’s Final Report (Ref. 2).  ONR considers that in addition to 
reviewing and improving transmission connection reliability and restoration times, this 
work should also consider specifically any resilience improvements within the site 
boundary and therefore, has raised Finding STF-11 in the National Report on stress 
tests. 

351. In the case of the Magnox sites, no evidence is provided to support the 
sufficiency of arrangements associated with the fuel route between the reactor and 
the fuel ponds in any degraded electrical system scenario.  ONR considers this to be 
an omission and has raised a specific finding on Magnox Ltd (Finding STF-12) that 
this should be addressed. 
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Loss of the decay heat removal capability / ultimate heat sink 
352. The basis of the timescales claimed, for the AGRs, before which if boiler feed 
is restored the situation is recoverable has been queried by ONR during the stress 
test process.  In this respect ONR is aware that EDF NGL is revisiting the transient 
analysis used to derive these claims using the latest analysis route covering the 
scenario with no available power or cooling and other scenarios to determine the 
timescales for prevention of fuel and structural damage.  Clearly, having a good 
understanding of the timescale for prevention of fuel and structural damage is 
important and ONR intends reviewing this analysis when complete and will expect 
EDF NGL to address any implications arising from the analysis. 

353. In relation to this, ONR notes that this work will provide a partial contribution 
to addressing Recommendation IR-25 (severe accident analysis) and 
Recommendation FR-4 (adequate Level 2 PSA) of HM Chief Inspector’s Final Report 
(Ref. 2).  However, the planned analysis is limited to the point at which fuel or 
structural damage starts to occur and does not extend into the later phases of a 
severe accident.  ONR considers that there would be benefit in improving the 
understanding of severe accident progression and phenomena in AGRs (as reflected 
in Recommendations IR-25 and FR-4).  This is further reflected in Finding STF-16. 

354. The dry storage is an inherently high reliability system, requiring no active 
measures to sustain cooling.  However, it may be vulnerable to extreme damage 
events and ONR notes that multiple barriers exist to the release of fission products.  
ONR supports the ‘Consideration’ of increasing resilience of the dry fuel storage 
facility against low-probability events outside the design basis.  ONR awaits details of 
Magnox Ltd’s ‘Considerations’ for alternative means of heat removal in the event of 
the natural draft air ducting becoming filled with water.  ONR has identified this as a 
finding in the National Report on stress tests (Finding STF-13). 

355. The degree of redundancy and diversity of pumps for injecting water to the 
primary and secondary circuit at Sizewell B is a significant strength of the design.  A 
high level of protection is available for foreseeable events within the design basis.  
However, EDF NGL has recognised that severe accidents can potentially lead to 
common cause failure of much of this plant, even though it is segregated and 
dispersed.  EDF NGL has stated that Consideration will be given to further measures 
that do not rely on the functioning of installed systems.  In the context of providing 
protection against unforeseen events, ONR supports the EDF NGL approach. 

Maintaining the containment integrity  
356. ONR agrees with the view that HPME from a Magnox or AGR concrete 
pressure vessel is highly improbable.  The core can melt and slump onto the vessel 
floor in severe accident conditions and, therefore, generation of gases could be 
possible.  The potential explosive hazard arising from the production of CO during a 
severe accident is not currently fully understood and ONR has already requested that 
EDF NGL investigate this hazard further.  Pressure in the reactor building, due to CO 
or hydrogen build-up, is unlikely as the structures are not designed to retain pressure 
and many vent paths are provided for potential hot gas and steam release within the 
building. 

357. AGR pressure vessel basemat melt through is predicted to take weeks; 
however, this assumes a three-metre-thick floor.  In reality, many reinforced tendon 
ducts exist within the floor and melt through to these would be of the order of days 
rather than weeks.  ONR agrees that this could be mitigated by passing cooling water 
through these tendon ducts and / or sealing each tendon duct that corium enters. 

358. Requirements for AC and DC power have not been fully addressed for 
containment on the gas reactors essentially because the pressure vessel is not a 
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containment building.  ONR considers that, as the pressure vessel is the final 
containment, then details of the AC and DC power and compressed air requirements 
for vessel cooling post-event – so as to maintain its integrity – should be considered.  
All gas reactor sites have back-up electrical supplies (GTs / diesel generators and 
batteries) that should maintain an adequate supply of electrical power and 
compressed air that will be required to operate post-trip cooling equipment.  Analysis 
is needed to predict consequences of partial availability of this due to an external 
event or long timescales that impact upon availability of the essential stocks that 
keep this back-up equipment running.  The impact of control and instrumentation 
equipment availability should also be considered as part of the analysis.  
Consequently, ONR has raised Finding STF-17. 

359. At Sizewell B, in a severe accident hydrogen will be generated as fuel clad, 
and possibly other metals, oxidise.  Steam will be generated and containment 
temperature and pressure will rise significantly.  It is recognised that there are means 
of mitigating the adverse conditions using fan coolers and various water spray 
systems; however, the containment will eventually fail due to overpressure if these 
systems are not available.  EDF NGL offers to consider the feasibility of mitigation of 
these effects by considering the installation of filtered containment venting, 
installation of passive autocatalytic hydrogen re-combiners and flexible means of 
injecting water.  ONR requires this review to be carried out and any reasonably 
practicable enhancements taken forward; therefore, ONR has raised Finding STF-18 
which supports EDF NGL’s consideration. 

3b. Schedules for completion of the regulatory activities 

360. ONR requires that the licensees should report on the decision making 
process regarding their considerations, including a description of the sentencing of 
these considerations.  This has been stated in Finding STF-1 of the National Report 
on stress tests:  

Finding STF-1: Licensees should provide ONR with the decision-making process to 
be applied to their Considerations along with a report which describes the sentencing 
of all their Considerations.  The report will need to demonstrate to ONR that the 
conclusions reached are appropriate. 

361. Within the HM Chief Inspectors Interim Report the final recommendation 
required that the licensees respond to the recommendations within one month.  This 
was stated in Recommendation IR-26:  

Recommendation IR-26: A response to the various recommendations in the interim 
report should be made available within one month of it being published.  These 
should include appropriate plans for addressing the recommendations.  Any 
responses provided will be compiled on the ONR website. 

362. The licensees provided responses to the recommendations and have now 
provided two further updates on the interim recommendations and one update on the 
final recommendations.  

363. ONR requires that the licensee respond to all recommendations and findings 
by June 2012.  This is stated in Recommendation FR-12 and Finding STF-19: 

Recommendation FR-12: Reports on the progress that has been made in responding 
to the recommendations in this report should be made available to ONR by June 
2012.  These should include the status of the plans, together with details of 
improvements that have been implemented by that time.  

Finding STF-19: Reports on the progress made in addressing the conclusions of the 
licensees Considerations and the ONR findings should be made available to ONR on 
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the same timescale as that for HM Chief Inspector’s recommendations (June 2012).  
These should include the status of plans and details of improvements that have been 
implemented. 

364. Once these responses have been received the ONR will compile a final 
implementation report detailing the work that will be done to respond to the events at 
Fukushima within the UK. 



 

4. Summary of actions 

Activities by the Operator* Activities by the Regulator* 

Ref. Activity Site 

(Item 2.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

(Item 2.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 2.c) 
Results 

Available 
 

- Yes? 
- No? 

(Item 3.a) 
Activity 
- Taken? 

- Ongoing?
- Planned?

(Item 3.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 3.c) 
Conclusion 
Available 

 
- Yes? 
- No? 

CSA037a Consideration should be given to the practicability of 
extending the availability of essential stocks for 
electrical supplies, by either providing additional on-site 
storage facilities or additional means to replenish stocks 
to allow an extended operating period. 

All EDF NGL 
Sites 

Ongoing Oct 2012 No 

CSA037b Consideration will be given to the practicability of 
extending safety case mission times by either providing 
additional on-site storage facilities or additional diverse 
means to replenish stocks. 

Hunterston B Ongoing Oct 2012 No 

CSA038 Consider making the re-seal and re-pressurisation 
equipment available independent of installed on-site or 
off-site AC power supplies. 

Dungeness B Ongoing Feb 2013 No 

CSA039 Consideration should be given to reviewing the status of 
the arrangements to cover the event of SBO for [Station 
Name]. 

Dungeness B, 
Hartlepool, 

Heysham 1 and 
2 and Torness 

Ongoing Apr 2012 No 

CSA040 Consider providing resilient supplies for essential 
control and instrumentation and lighting functions. 

Dungeness B 
and Hartlepool 

Ongoing Feb 2013 No 

CSA041 Consideration should be given to provision of training, 
planning or pre-engineering in order to improve 
mitigation measures. 

All AGRs (bar 
Hunterston B 

and Hartlepool)

Ongoing Feb 2013 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA042 Consider providing transient analysis using the latest 
route covering the scenario with no available power or 
cooling to determine the timescales for prevention of 
fuel and structural damage. 

All AGRs Ongoing Jun 2012 No 

CSA043 Consideration should be given to the practicability of 
extending the availability of essential stocks of cooling 
water, by either providing additional on-site storage 
facilities or additional means to replenish stocks to allow 
an extended operating period. 

All AGRs (bar 
Hunterston B) 

Ongoing Oct 2012 No 

CSA044 Consideration should be given to increasing the 
provision of off-site back-up equipment including: 
equipment to enable boiler feed; a supply of suitable 
inert gas for primary circuit cooling; electrical supplies 
for lighting, control and instrumentation. 

All EDF Sites Ongoing Dec 2013 No 

CSA045 To improve resilience of decay store cooling against 
loss of electrical power, consider possible enhancement 
options in respect to guidance to operators, fault 
recovery techniques, and improved understanding of 
credible consequences. 

All AGRs Ongoing Jan 2013 No 

CSA046 To improve resilience of pond cooling and make up 
against loss of electrical power, consider possible 
enhancement options in respect to guidance to 
operators, replenishment of lost pond water, and 
standalone pond cooling facilities having no 
dependence on any other station supplies or systems. 

All EDF NGL 
Sites 

Ongoing Jan 2013 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA047 To improve resilience of decay store cooling against the 
loss of the ultimate heat sink, consider possible 
enhancement options in respect to guidance to 
operators, fault recovery techniques, and improved 
understanding of credible consequences. 

All AGRs Ongoing Jan 2013 No 

CSA048 Consideration will be given to the practicability of 
extending safety case mission times by either providing 
additional on-site storage facilities or additional diverse 
means to replenish stocks. 

Hunterston B Ongoing Jul 2013 No 

CSA049 Consider providing resilient supplies for essential 
control and instrumentation and lighting functions. 

Hinkley Point B Ongoing Feb 2013 No 

CSA050 Consideration will be given to using diesel generators to 
power the emergency seawater pumps 

Hartlepool and 
Heysham 1 

Ongoing Feb 2013 No 

CSA051 Consideration will be given to carrying out a 
compatibility check to asses whether or not GT fuel can 
be used for BUCS pumps. 

Hartlepool and 
Heysham 1 

Ongoing Feb 2013 No 

CSA052 Consideration should be given to providing Emergency 
Plug-in Points for portable diesel generators and mobile 
air compressors. 

Hartlepool Ongoing Jul 2013 No 

CSA053 Consider whether the on-site installation of additional, 
diverse, permanently installed AC power generators 
would be appropriate to ensure provision of power to 
essential systems for an extended mission time, for 
example 72 hours. 

Hartlepool, 
Heysham 1 and 

Torness 

Ongoing Dec 2013 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
 

-70- 



 

Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA054 Any relevant operational experience from the recent 
Torness jellyfish drum screen blockage should be 
considered at [Station Name] once it becomes 
available. 

Hartlepool, 
Heysham 1 and 

Torness 

Ongoing Mar 2014 No 

CSA055 Consider establishing the amount of additional water 
stocks that would be required to be held to allow an 
extended operating period of 72 hours to be claimed for 
the EBFS, and establish whether realistic options for 
storage of such stocks are available. 

Hartlepool, 
Heysham 1 and 

Torness 

Ongoing Dec 2013 No 

CSA056 The disused Trimpell tanks could be completely 
removed and replaced with more modern and larger 
water storage tanks to provide extra towns-water 
reserves to both Heysham 1 and 2. 

Heysham 1 Ongoing Mar 2014 No 

CSA057 The potential for improving redundancy, reliability and 
ease of installation of the BUEFS should be considered.

Heysham 2 Ongoing Mar 2014 No 

CSA058 The potential for improving redundancy, reliability and 
ease of connection of the BUEFS should be considered, 
including means for simplify and improve certainty of 
the connection / establishment of the BUEFS. 

Torness Ongoing Mar 2014 No 

CSA059 Consider whether additional means could usefully be 
installed in order to extend the formally claimed battery 
mission time by some margin. 

Heysham 2 and 
Torness 

Ongoing Mar 2014 No 

CSA060 Consider providing resilient supplies for essential 
control and instrumentation and lighting functions (fixed 
and portable) for all relevant areas of plant on-site. 

Heysham 2 and 
Torness 

Ongoing Feb 2014 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA061 Consider whether additional means could usefully be 
installed to extend current battery capacity and supply. 

Sizewell B Ongoing Dec 2012 No 

CSA062 For beyond design basis faults related to SBO, several 
specific potential enhancements have been identified 
and their practicability should be assessed. 

Sizewell B Ongoing Dec 2012 No 

CSA063 For beyond design basis faults relating to the provision 
of water, several specific potential enhancements have 
been identified and their practicability should be 
assessed. 

Sizewell B Ongoing Oct 2014 No 

CSA064 Consider providing a seismically qualified fire hydrant 
main. 

Torness Ongoing May 2013 No 

CSA065  The current robustness and maintenance of the plant is 
compliant with its design basis for loss of the ultimate 
heat sink.  However, steps to improve the resilience of 
the plant following a beyond design basis event should 
be considered. 

Torness Ongoing Feb 2014 No 

M1 Consideration will be given to enhancing the methods 
and equipment for primary pressure circuit sealing. 

Oldbury and 
Wylfa 

Ongoing December 
2012 

No 

M2 Consideration will be given to increasing the resilience 
of the Back-Up Feed System. 

Oldbury and 
Wylfa 

Ongoing December 
2012 

No 

M3 Consideration will be given to increasing the resilience 
of the back-up feed systems and tertiary feed systems. 

Oldbury and 
Wylfa 

Ongoing December 
2012 

No 

M4 Consideration will be given to increasing the resilience 
of the on-site electrical system. 

Oldbury and 
Wylfa 

Ongoing December 
2012 

No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

M5 Consideration will be given to providing a facility for the 
injection of nitrogen to support reactor hold-down. 

Oldbury and 
Wylfa 

Ongoing December 
2012 

No 

M6 Consideration will be given to enhancing the resilience 
of plant monitoring systems. 

Oldbury and 
Wylfa 

Ongoing December 
2012 

No 

M11 Consideration will be given to providing additional 
stocks of consumables for plant and personnel. 

Oldbury and 
Wylfa 

Ongoing December 
2012 

No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
 

STF-8 Licensees should further investigate the provision of 
suitable event-qualified connection points to facilitate 
the reconnection of supplies to essential equipment for 
beyond design basis events. 

All Sites Ongoing Magnox Ltd 
Dec 2012 
EDF NGL 
Mar 2014 

No 

STF-9 Licensees should further investigate the enhancement 
of stocks of essential supplies (cooling water, fuel, 
carbon dioxide, etc.) and extending the autonomy time 
of support systems (e.g. battery systems) that either 
provide essential safety functions or support emergency 
arrangements. 

All Sites Magnox Ltd 
Taken 

EDF NGL 
Ongoing 

Magnox Ltd 
Oct 2011 
EDF NGL 
Mar 2014 

Magnox Ltd 
Yes 

EDF NGL 
No 

STF-10 Licensees should identify safety-significant prime 
mover-driven generators and pumps that use shared 
support systems (including batteries, fuel, water and oil) 
and should consider modifying those prime movers 
systems to ensure they are capable of being self-
sufficient. 

All Sites Magnox Ltd 
Taken 

EDF NGL 
Ongoing 

Magnox Ltd 
Feb 2012 
EDF NGL 
Mar 2014 

Magnox Ltd 
Yes 

EDF NGL 
No 

Licensees are required to formally submit 
plans to ONR to address the STFs by the 

end of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

STF-11 Licensees should further consider resilience 
improvements to equipment associated with the 
connection of the transmission system to the essential 
electrical systems (EES) for severe events. 

All Sites Ongoing Mar 2014 No 

STF-12 Magnox Ltd should assess the progressive loss of 
electrical systems on all aspects of the fuel route and 
address any implications. 

All Magnox sites 
with fuel 

Taken April 2012 Yes 

STF-13 Magnox Ltd should demonstrate that all reasonably 
practical means have been taken to ensure integrity of 
the fuel within the dry fuel stores in the extremely 
unlikely event of the natural draft air ducting becoming 
blocked. 

Wylfa Ongoing December 
2012 

No 

STF-14 Licensees should confirm the extent to which resilience 
enhancements are to be made to existing equipment 
and systems that are currently installed at nuclear 
power plants.  Information should be provided on the 
equipment and systems that may be affected and the 
nature of the resilience enhancements, including 
interconnectivity with mobile back-up equipment. 

All Sites Ongoing Magnox Ltd 
Dec 2012 
EDF NGL 
Mar 2014 

No 

Licensees are required to formally submit 
plans to ONR to address the STFs by the 

end of June 2012 
 

IR-17 The UK nuclear industry should undertake further work 
with the National Grid to establish the robustness and 
potential unavailability of off–site electrical supplies 
under severe hazard conditions. 

All Sites plus 
National Grid 

Ongoing Quarterly 
Updates 

No Licensees are required to formally submit 
plans to ONR to address the HM Chief 

Inspector’s recommendations by the end of 
June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

IR-18 The UK nuclear industry should review any need for the 
provision of additional, diverse means of providing 
robust sufficiently long-term independent electrical 
supplies on sites, reflecting the loss of availability of off-
site electrical supplies under severe conditions. 

All Sites Magnox Ltd 
Ongoing 

EDF NGL 
Taken 

Magnox Ltd 
Dec 2012 
EDF NGL 
Mar 2012 

Magnox Ltd 
No 

EDF NGL 
Yes 

IR-19 The UK nuclear industry should review the need for, 
and if required, the ability to provide longer term coolant 
supplies to nuclear sites in the UK in the event of a 
severe off-site disruption, considering whether further 
on-site supplies or greater off-site capability is needed.  
This relates to both CO2 and fresh water supplies, and 
for existing and proposed new plants. 

All Sites Taken Magnox Ltd 
April 2012 
EDF NGL 
Mar 2012 

Magnox Ltd 
Yes 

EDF NGL 
Yes 

IR-20 The UK nuclear industry should review the site 
contingency plans for pond water make up under 
severe accident conditions to see whether they can and 
should be enhanced given the experience at 
Fukushima. 

All Sites Ongoing Magnox Ltd 
Dec 2012 
EDF NGL 
Quarterly 
Updates 

No 

IR-12 The UK nuclear industry should ensure the adequacy of 
any new spent fuel strategies compared with the 
expectations in the Safety Assessment Principles of 
passive safety and good engineering practice. 

All Sites Magnox Ltd 
Taken 

EDF NGL 
Ongoing 

Magnox Ltd 
Jan 2012 
EDF NGL 
Jun 2012 

Magnox Ltd 
Yes 

EDF NGL 
No 

IR-14 The UK nuclear industry should ensure that the design 
of new spent fuel ponds close to reactors minimises the 
need for bottom penetrations and lines that are prone to 
siphoning faults.  Any that are necessary should be as 
robust to faults as are the ponds themselves. 

All Sites Taken Magnox Ltd 
Oct 2012 
EDF NGL 
Dec 2011 

Yes 

Licensees are required to formally submit 
plans to ONR to address the HM Chief 

Inspector’s recommendations by the end of 
June 2012 
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Topic 3 – Severe Accident Management and Recovery 
(on-site)  

 

This chapter should focus on mitigation actions to be taken if severe 
reactor or spent fuel pool damage occurs, in order to prevent large 
radioactive releases. 
 
Effective implementation of severe accident management and on-site 
recovery actions is a complex undertaking and needs to be carefully planned. 
It requires substantial personnel resources, development of severe accident 
scenarios, development and validation of procedures, equipment availability, 
and extensive training.  The Fukushima accident demonstrated that severe 
accident sequences can be substantially more complex during catastrophic 
external events due to the unavailability of vital equipment and radioactive 
releases, multiple units operating at the site, extended loss of power, 
disruption of communication, and extensive site damage, among other 
things. 
 
Contracting Parties are expected to report on the results of their reviews of 
severe accident management and on-site recovery actions. 

1. Overview of severe accident management analysis 
performed in the UK 

365. All UK licensees have provided submissions against the ENSREG stress test 
specification (Ref. 4).  The ENSREG stress test specification required all European 
operators to demonstrate there are robust arrangements in place to deal with a 
severe accident and that suitable provisions are in place. 

366. This section systematically explores the organisational and management 
measures that are in place on-site to deal with emergencies, including severe 
accidents, and identifies areas where it may be beneficial to enhance current 
arrangements in order to mitigate consequences. 

367. The organisation and management measures for all types of accidents 
ranging from design basis accidents, where the plant can be brought to safe 
shutdown without significant nuclear fuel damage, up to severe accidents involving 
core meltdown or damage to the spent nuclear fuel in the storage ponds. 

Organisation and arrangements of the licensee to manage 
accidents  
368. The licensees have robust organisations and emergency arrangements 
developed and maintained to respond effectively to the unlikely event of a nuclear 
emergency.  These arrangements are designed to deal with events which, though 
very unlikely, are reasonably foreseeable.  Detailed response plans are designed to 
be sufficiently scalable to provide the base from which an extended response to more 
serious events can be developed. 

Staffing and shift management in normal operation 
369. Maintaining adequate staffing levels is critical to a licensee’s ability to 
maintain its essential functions.  Posts and roles essential to the continued safe 
operation of each nuclear power station are identified and staffed by suitably qualified 
and experienced personnel. 
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370. EDF NGL and Magnox Ltd NPPs are operated 24 hours a day, seven days a 
week by duty shift staff (operators and security).  If an event were to occur, these 
people would carry out an initial assessment and if necessary, initiate an emergency 
response.  Additional staff, who are members of the emergency scheme standby 
rota, will be contacted to provide immediate support at site.  There are considerable 
numbers of people based at each site – many trained in emergency scheme roles – 
that could deal with an emergency situation.  Following the Fukushima accident,, 
licensees are considering means of ensuring that staff will be able to reach the site to 
provide the necessary support under severe conditions. 

371. The shut-down de-fuelling reactors at Calder Hall are covered by the 
emergency arrangements of the wider Sellafield site.  Initially, local support is 
provided by an adjacent facility which operates on a 24 hour, seven days per week 
basis, with further additional support from the Sellafield-wide emergency teams and 
arrangements as required. 

372. All sites will be supported in an emergency by the local emergency services; 
notably the fire and rescue service, ambulance service, paramedics and police. 

Measures taken to enable optimum intervention by personnel 
373. All Magnox Ltd and EDF NGL NPPs have a site emergency plan, approved 
by ONR, which describes the organisational arrangements in the event of an 
accident.  These arrangements include appointing designated persons to carry out 
specific functions in response to an event.  At all times there are staff on-site 
authorised to act as the emergency controller, who will be supported by other 
personnel trained in emergency response.  All sites have the following emergency 
response centres; the MCR, the ECC, the ACP and the gatehouse (security lodge).  
These centres work together to provide a co-ordinated and focussed response 
following the declaration of an incident or emergency. 

374. On discovery of an anomalous situation, an initial assessment will be made 
by the Shift Charge Engineer / Shift Manager (SCE/SM).  It will then be decided 
whether to enact the emergency arrangements.  If appropriate an alarm is sounded 
and the public address system used for the declaration of emergency condition; initial 
guidance will be given to those on-site and muster at sheltered locations will 
commence.  Two benefits of mustering are that it enables assessment to be made of 
potential missing persons, and it clears the affected area of persons not engaged in 
essential functions.  Relevant emergency scheme staff will assemble at their 
designated location so that they are available for duties as determined by the 
emergency controller. 

375. The emergency controller will initially be the SCE/SM and that person will 
control the response from the MCR until the ECC is set up, fully staffed and able to 
take control.  The MCR, which is staffed at all times, has everything normally 
required to control and make the plant safe, and to manage the emergency 
response.  If the MCR becomes untenable, and the ECC is not yet set up, the AIC / 
EIC is available and similarly equipped. 

376. The ECC is a dedicated facility to enable the site to manage the internal 
response and control the interface with external support during an emergency.  The 
standby emergency controller will take control of the emergency from the emergency 
controller in the MCR once the ECC is fully operational and they are fully briefed 
regarding the event and the response to date.  Each site has back-up ECC 
arrangements should the primary ECC become untenable. 

377. For any event that creates an uncontrolled hazardous area, an entry and 
egress point will be established to enable command and control of activities in the 
area.  For operational reactor plant-based events, the ACP will be established by 
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members of the duty shift at a suitable pre-planned location.  This will provide safe, 
controlled and rapid access to the affected area.  An alternative pre-planned ACP is 
available should the primary ACP become untenable.  ACPs are equipped with 
means for communicating directly with emergency teams and the MCR.  There is 
adequate space, equipment and facilities for the contamination, radiation dose and 
breathing apparatus control necessary for the safe and effective dispatch and 
reception of emergency teams, including emergency services, and for the initial 
treatment of casualties.  It is the expectation that the local emergency services and 
standby support (emergency response) staff should be active on-site within 60 
minutes of a declaration. 

378. Magnox Ltd and EDF NGL staff employ a predetermined way of working that 
is considered and structured, known as “command and control”, to achieve a 
strategic outcome.  The command and control approach creates an environment that 
is focused on response and direction, gives a faster and more urgent response, staff 
are instructed what to do, information is communicated and kept up-to-date and, 
finally, queries are raised in a timely manner and responded to immediately.  The 
whole emergency response organisation will be guided by the focus points of the 
emergency controller.  The tactics, actions and delivery of operations will be 
determined by the team leaders and team members of the emergency response 
organisation. 

379. The arrangements at Calder Hall (Sellafield Ltd) are broadly similar to that 
detailed above for the EDF NGL and Magnox Ltd sites.  However, it is worth noting 
that the de-fuelling Magnox reactors do not have permanently manned control rooms 
for the permanently shut-down reactors and, therefore, these are not claimed to play 
the role they have on operating sites. 

380. Formal emergency scheme training sessions and exercises are carried out 
regularly in order that emergency scheme staff are practised in their roles should 
they be required to deal with a real event. 

Use of off-site technical support for accident management 
381. The UK nuclear industry continues to learn from the lessons from 
emergencies and accidents elsewhere in the world.  The events at Three Mile Island 
in the United States in 1979 conveyed the importance of supporting an affected 
nuclear facility by adopting off-site technical support. 

382. EDF NGL and Magnox Ltd utilise the Central Emergency Support Centre 
(CESC) at Barnwood in Gloucestershire.  This facility is available 24 hours a day / 
seven days a week; it is manned by standby staff that will have it operational within 
one hour of a declaration.  The overarching objective of the CESC is to relieve the 
EDF NGL and Magnox Ltd affected site of the responsibility for liaison with outside 
bodies and off-site issues in as short a time as possible after an accident, thus 
allowing site personnel to focus on fixing the issue at hand.  An alternative CESC is 
also available should the main CESC not be available.  There is also an arrangement 
with the police to use their facilities if necessary. 

383. The CESC will also take over responsibility for directing the off-site monitoring 
teams and assessing technical data that has a bearing upon the radiological hazard 
to the public.  CESC staff will pass clear advice based on their technical assessment 
to all stakeholders in the Strategic Coordination Centre (SCC) in such a form that 
those in the SCC can make informed and timely decisions on the need to take action 
to protect the public.  Other functions carried out by the CESC include technical 
support to the affected station, provision of regular authoritative briefings for the 
media on all aspects of the emergency, links to other nuclear companies, links to all 
responding organisations and it manages procurement of goods or services required 
in the recovery. 
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384. There are similar off-site strategic co-ordinating centres for the Sellafield site 
which could support an emergency response at Calder Hall.  Again, alternative 
locations are available if the primary centre becomes untenable. 

Dependence on the functions of other reactors on the same site 
385. The number of reactors on UK NPP sites varies between one and four.  On 
the multi-reactor sites there will be some plant that is common for both normal and 
fault conditions.  However, the principle is that a fault reactor can stand alone without 
assistance from any other reactor’s equipment being called upon.  Should an event 
only affect one reactor, then unused but available equipment associated with another 
reactor would be employed if appropriate. 

Procedures, training and exercises 
386. The SOIs give advice on operations in design basis fault conditions, including 
responses to hazards.  If an event is not fully controlled through the use of the SOI, 
further guidance to the operator is provided in the SBERGs.  These guidelines are 
aimed at the prevention of an uncontrolled release and so are concerned with 
shutting the reactor down and maintaining adequate post-trip cooling.  While the use 
of the SBERGs in given situations is mandatory, the application of any particular item 
of advice is at the discretion of the operating team at the time of an event; in this way, 
prevailing circumstances and operating constraints can be taken into account. 

387. If application of SOIs and SBERGs fails to prevent the onset of core 
degradation, or if a degraded core appears possible, then further management of the 
accident would be based on advice given in the SAGs.  These provide advice to on-
site and off-site technical support to limit the escape of fission products to the 
environment.  They are deliberately non-prescriptive as prescriptive advice is only 
appropriate when the fault sequence is reliably predictable, and almost by definition 
this will not be the case under severe accident conditions.  Instead, the SAGs 
highlight the physical phenomena likely to be of importance, and focus on measures 
which could be adopted to recover critical safety functions, using non-standard or 
improvised plant configurations if necessary.  This could include equipment available 
on-site or, more likely for a significant event, equipment provided from off-site 
sources.  This means that a plan would have to be developed in real time during the 
course of the accident in response to the specific event.  Given the challenges of 
likely on-site conditions under the circumstances of a severe accident, it is 
anticipated that much of the technical assessment informing the plan would be 
carried out in the CESC. 

388. Reactor operators are subjected to regular simulator training and assessed 
exercises in the use of normal operation and design basis faults procedures.  This 
training will occasionally move into SBERGs / SAGs territory; however, it is 
recognised by the licensees that more could be done in this area.  To maintain 
competence and compliance, the core competencies for each emergency role are 
assessed over a three-year cycle.  Some specific requirements, such as use of 
breathing apparatus, are assessed annually. 

389. Each site’s emergency arrangements are routinely practised as shift 
exercises (assessed by the licensee) and yearly demonstration exercises (assessed 
by ONR).  Exercises include all aspects of the emergency scheme and therefore test 
both the site’s on-site response and the off-site response, but not necessarily at the 
same time.  There are also security exercises and transport of radioactive material 
exercises that also test the licensees’ emergency arrangements and emergency 
response. 

390. For all exercises witnessed by ONR, the licensee’s assessors and ONR 
inspectors will review the adequacy of the demonstration of the emergency 
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arrangements and identify any areas for improvement and the timetable for 
implementation.  This can include a requirement to repeat the demonstration.  These 
rigorous arrangements ensure that each station has emergency arrangements that 
are adequate in practice and satisfy legal requirements. 

Possibility to use existing equipment 

Provisions to use mobile devices 
391. Approximately ten years ago EDF NGL and Magnox Ltd established a 
number of containers that hold a range of equipment and materials that could be 
beneficial when responding to a beyond design basis accident.  These containers are 
located remotely off-site at a central UK location, available to be transported to an 
affected site within a ten-hour timeframe following declaration of an off-site nuclear 
emergency.  In addition, Magnox Ltd has some containers located near their Wylfa 
site as there was a concern regarding access to the site’s island location should the 
main access bridge fail.  All containers and their contents are maintained regularly, 
and their deployment has been exercised (the containers they are, potentially, also, 
in principle, capable of being air-transportable lifted).  It is the CESC team’s 
responsibility to mobilise these trailers should they be required; most sites would be 
reached within two to four hours provided that the local site infrastructure is not 
significantly degraded.  Further, if additional staff are required the CESC will take the 
lead in co-ordinating support from other sites in the fleet. 

Provisions for and management of supplies 
392. In a severe accident situation with loss of grid, power stations will consume 
fuel for emergency generators and pumps and deplete site water stocks if closed 
loop reactor cooling systems are unavailable.  The licensees have also identified 
other consumable stocks, e.g. CO2 and fuel oil for on-site power generation.  
Timescales for depletion of these consumable stocks will depend upon the fault, the 
reactor conditions, the level of stocks held on-site and the measures taken to 
conserve stocks.  Sites currently aim to have sufficient stocks to be self-reliant for at 
least 24 hours without any form of stock conservation being applied.  One of the roles 
of the CESC is to procure essential supplies; if it is thought that essential supplies or 
services may be required, the CESC technical support team will liaise with the 
affected site to ensure delivery of these at the earliest opportunity.  If there are 
infrastructure issues impacting the site this will be recognised as a constraint and 
alternative means of accessing site arranged. 

Management of radioactive releases: provisions to limit them 
393. Robust arrangements are in place at each nuclear power station for 
managing the radioactive discharges from each site during routine operations, in 
accordance with conditions attached to the various permits granted by the 
Environment Agency (England and Wales) or Scottish Environment Protection 
Agency (Scotland).  The conditions attached to the permits remain applicable during 
abnormal situations. 

394. For generating gas reactors, in terms of installed equipment to help mitigate a 
release during an event, the most significant item is the iodine absorption plant that is 
fitted in the blow-down route.  Under design basis and some beyond design basis 
fault conditions this could be used to remove radioactive iodine, provided that the gas 
is within certain temperature limits.  Hence, it could be possible to route gaseous 
release through the plant, providing mitigation.  However, the iodine absorption plant 
has only been designed to mitigate design basis events, i.e. no significant core 
damage.  Also this plant might have limited capability for retaining other volatile 
fission products of radiological importance.  Depending upon the location and nature 
of the radioactive release, it may be possible to reconfigure the plant, such that 
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particular areas or items are isolated, or the release is routed towards a filtered 
discharge route provided for normal operation. 

395. For the PWR, following a release in the reactor building, the containment and 
its various systems reduce the leakage of radioactive materials to the environment to 
a very low level.  Containment leakage tests are carried out to confirm that leakage is 
within specified limits.  Various water-based systems would be used to wash the 
fission products from the containment atmosphere. 

396. As part of the emergency response arrangements, sites have damage repair 
teams.  These teams have a range of tools and equipment available to them, which 
can be used to temporarily seal a range of breaches, or reduce the magnitude of a 
release until a more permanent repair can be carried out. 

Communication and information systems (internal and external) 
397. In the event of an accident or natural disaster at a power station there is a 
need to be able to promulgate an alert and then to pass information into and out of 
the site.  Particularly important communications paths are those between the site, the 
off-site technical support centres and responding emergency services. 

398. All operating power stations have a substantial diversity of communications 
media.  The on-site links include telephone networks (company and public) and direct 
wire telephone links between the on-site response centres.  Telephone systems are 
connected to electrical supplies that include back-up batteries.  At each site the UHF 
radio system is in constant use by operators and security staff.  Another important 
communications system at the sites is the Nuclear Industry Airwave Service (NIAS); 
this system is predominately used for communications between survey vehicles and 
the ECC, and then the CESC.  NIAS is part of a national radio system, which has 
both security and inherent resilience built into it, and is used by emergency response 
organisations.  Although not its intended primary purpose, NIAS could be used to 
communicate between all sites and the CESC following a major event. 

399. In an emergency, the site siren will be used followed by declarations over the 
public address / announcement system.  People on-site, and close to the site, will be 
made aware of the situation in this way very quickly.  Manual or automatic (rapid 
reach) notification will alert key emergency response staff, emergency services and 
others via landline phones, mobile phones, pagers and fax machines.  Because 
commercial mobile networks can be overwhelmed by a high concentration of calls 
following an emergency, the key emergency responders have mobiles with special 
SIM cards that ensure that they are covered by the Mobile Privileged Access 
Scheme. 

400. The operational UK power stations all employ an information management 
system known as The Incident Information Management System (TiiMS).  TiiMS is a 
computer-based information system designed for emergency situations; it can supply 
the same information to many users at the same time, so ensuring that everyone 
uses identical, up-to-date data.  It is able to process large amounts of changing 
information quickly and accurately.  Data entry into the TiiMS system is only carried 
out within the CESC. 

Evaluation of factors that may impede accident management and 
respective contingencies 

Access to site 
401. The risk that the site may be physically cut-off by flood water or by damaged 
or blocked roads following, for example, a storm or earthquake has been considered.  
Many of the sites have a single approach road; however, there are others with 
several access routes.  Magnox Ltd has long recognised that Wylfa is dependent on 
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a bridge that joins the island of Anglesey with mainland Wales and that is the reason 
for Wylfa having its own set of beyond design basis containers. 

402. Several sites are reviewing access to site as they are concerned that access 
roads may become difficult for conventional vehicles (e.g. in a flood, heavy snowfall).  
All sites have areas where helicopters could land if that proved to be the only means 
of accessing the site following an event.  In addition, all the currently operational UK 
power station sites are on the coast and therefore access by sea may be possible in 
the long term if the local road infrastructure is not usable. 

Communications 
403. It is recognised that the extensive and robust communications systems 
employed could be vulnerable to extended power loss, loss of masts for mobile 
phones and NIAS, loss of telephone exchanges and cabling damage due to a 
common cause.  The licensees use a wide range of communications systems and it 
is unlikely that they would all be affected in any reasonably foreseeable event; the 
diversity in itself provides resilience.  However, it is recognised that inherent reliance 
is placed on telephony and its loss would impact communications efficiency following 
an event.  The licensees are thus reviewing communications systems in the light of 
the Fukushima event in an attempt to identify increased levels of resilience in this 
area. 

Dose, contamination and loss of facilities on-site 
404. In the response to an event the various site emergency facilities, for example 
the ACP and ECC, will be monitored constantly for radiation and (where relevant) 
CO2 levels.  If levels get too high then alternative facilities are available and may be 
used.  If necessary, attempts would be made to provide shielding to prevent 
exposure.  Teams that are deployed from the ACP, such as damage assessment and 
damage repair teams, are trained to constantly monitor their dose uptake and 
environment in order to minimise their risk; in hostile conditions team members will 
use breathing apparatus.  Teams use appropriate personnel protective equipment 
and radiological protective equipment and use undressing / decontamination 
processes on return to the ACP to ensure that radioactive contamination will not 
prevent appropriate remedial work being undertaken. 

405. The UK’s Radiation (Emergency Preparedness and Public Information) 
Regulations (REPPIR) (Ref. 13), apply both in normal operation and in emergencies.  
The UK’s normal worker dose limit of 20 mSv would remain applicable, but this could 
be raised to 100 mSv for essential plant operations and 500 mSv for life-saving 
activities.  Staff who take part in an emergency response are informed of the risks of 
these higher doses and would need to volunteer to enter high dose areas.  
Emergency controllers and emergency scheme health physicists are empowered to 
authorise personnel to be exposed to such dose levels. 

406. The loss of use of primary facilities on-site would result in moving to the 
designated alternative facilities, assuming that they have remained accessible and 
can be utilised.  Reliance would be placed on the on-site emergency response 
command chain to manage the event by making best use of available resources. 

Habitability of main and secondary control rooms 
407. The MCR on power stations is usually located in a secure location within the 
primary buildings and is of a robust design and construction, reflecting the nature of 
the nuclear safety-related equipment involved.  Breathing apparatus is provided so 
that staff are able to operate within the control room for as long as possible.  If the 
MCR has to be abandoned then staff would initiate a reactor trip, if this had not 
already occurred, before they move to the EIC (Magnox Ltd) or AIC (EDF NGL).  
Instrumentation within these indication centres is limited and there is scope to do little 
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more than monitor basic reactor conditions in order to ensure shutdown and hold-
down with adequate post-trip cooling, although Heysham 2, Torness and Sizewell B 
have basic shutdown capability at these centres.  

408. The Magnox sites that are de-fuelling have been shut down for years and 
therefore the EIC is of little use; such sites effectively have no secondary control 
room.  Also, the Calder Hall control rooms are no longer permanently manned and 
are not formally claimed to play a role in emergencies.  However it should be noted 
that these reactors do not require any operator intervention in order to preserve the 
basis of safety. 

Alternative facilities for use during an emergency 
409. Operational power stations have fully functional alternative facilities should 
either the ECC or ACP become unavailable; however, none of these are claimed to 
be seismically qualified.  Some sites have access to mobile facilities or arrangements 
to use adjacent site facilities or use of emergency services mobile facilities.  EDF 
NGL is considering a review of its mobile facilities and the resilience of equipment 
contained within.  Licensees have also identified that there are advantages to 
keeping emergency equipment at diverse locations on each site to increase the 
probability of availability following a beyond design basis event. 

Accident management under external hazard conditions 
410. Nuclear power station emergency schemes are designed to be flexible and to 
deal with the situation with whatever resource is available at the time.  However, in 
light of events at Fukushima, it is acknowledged that underpinning assumptions 
relating to support from off-site emergency services and the ability of local staff to 
attend site is questioned.  Following a significant event the duration of the response 
could extend beyond days or weeks and this raises issues surrounding prolonged 
use of staff and resources, which may require calling on staff from other power 
stations.  The licensees have therefore proposed that they consider reviewing 
existing arrangements to ensure that the principles of extendibility are adhered to. 

Unavailability of power supply 
411. The loss of power supply to an operational nuclear power station would 
impinge on the response to accidents and so diverse and redundant essential 
electrical supplies are provided there and at other key locations such as the CESC. 

412. At a power station the loss of the external power grid will instantly result in 
automatic initiation of back-up options such as GTs, diesel generators and batteries 
to maintain electrical supplies to essential plant equipment associated with reactor 
safety.  They are required for some time post-trip and, therefore, availability of fuel oil 
is likely to be the limiting factor in maintaining electrical supplies. 

413. It is noted that all de-fuelling sites have been shut down for several years and 
therefore the total loss of electrical power would not introduce nuclear safety 
implications as the reactors are now passively cooled; however, there might be an 
effect on the efficacy of post-event recovery operations. 

Potential failure of instrumentation 
414. Magnox Ltd recognises that its plants were designed and constructed in the 
1960s and their remaining life is now limited.  It therefore does not propose to modify 
the computerised data processing system which has battery-backed, hard-wired 
instrumentation that can provide information essential to the monitoring of the state of 
plant.  They have a totally diverse subset of essential indications available in the EIC 
at generating sites. 

415. EDF NGL states that the primary failure mechanism by which instrumentation 
would be lost is loss of power, as most indicating instruments / sensors require a 
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designated power supply to work.  The availability of instrumentation for information 
on plant status and control of plant systems is crucial to the successful management 
of the plant.  For this reason, station-critical systems have GT / diesel generator and 
battery-backed supplies to provide sufficient indication of the station parameters to 
monitor shutdown.  EDF NGL has undertaken a detailed review and no 
instrumentation issues have been identified for the design basis; however, 
suggestions have been made to enhance resilience beyond the design basis. 

Potential effects from other neighbouring installations at site 
416. Most of the UK nuclear power stations are twin reactor design.  This means 
that each site has two reactors of the same design within the same facility.  This is 
taken into account as part of the design of the safety systems.  There are a few 
power stations that do not have adjacent power stations.  Several sites have a 
shutdown Magnox reactor next door to AGRs, or the PWR.  EDF NGL has one site at 
Heysham where two twin-reactor, AGR power stations of different designs are 
adjacent to one another.  As part of the safety case for each power station the effect 
of neighbouring facilities has to be considered.  This is not always a negative; some 
positives, like arrangements for use of the neighbouring facilities in emergencies, are 
included.  Other local hazards, such as passing hazardous shipping, local factories 
and aircraft, are also considered in the safety case and appropriate hazard protection 
provided. 

417. Calder Hall is notable because it is located within the site boundary of the 
Sellafield nuclear facility.  This is a large complex of plants, including spent fuel 
storage ponds, reprocessing plants, waste treatment plants and waste storage 
plants.  Sellafield Ltd, the operator of the site, is undertaking a comprehensive 
programme of work to review the resilience of the Sellafield site in the light of the 
events at Fukushima, both at individual facility and site-wide level.  As discussed 
above, while these other facilities represent a significant hazard to Calder Hall, it 
does mean the de-fuelling reactors can draw upon the wider site arrangements and 
capabilities to respond to emergencies. 

Accident management measures to restrict the radioactive 
releases 

Radioactive releases after loss of containment integrity 
418. Reactors are designed to provide defence in depth against the release of 
fission products or other radioactive material.  Reactors use reactor shutdown, 
reactor cooling and containment integrity together in order to ensure, as far as is 
reasonably practicable, fuel damage and fission product release do not occur.  For 
the UK gas reactors, three barriers prevent release of radioactivity into the 
atmosphere during operation; these are fuel matrix, fuel clad and reactor pressure 
vessel.  For gas reactors, in the unlikely event of a breach of the barriers, the reactor 
is fitted with an iodine absorption plant that may be used to remove radioactive iodine 
from the primary circuit gas and can, therefore, mitigate releases to the environment 
to some degree. 

419. In the case of Sizewell B, leakage from the containment building is captured 
within the outer non pressure-resistant shell and the adjacent buildings and can be 
processed to some degree by the building ventilation system. 

420. In the event of a release, emergency planning and actions will be put into 
effect and these will have a major role when mitigating the consequences of a 
radioactive release.  For example following a severe accident on a gas-cooled 
reactor, to restrict the radioactive release, the SAGs give advice on repairing 
breaches, strengthening the vessel, and on improvising filters to remove fission 
products from the released gases.  Loss of containment integrity would mean that 
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there is a high probability of increased radiation levels off-site.  Throughout any off-
site release the licensees will use information, and expert opinion, to produce advice 
that will protect the public. 

Accident management after uncovering of the top of fuel in the fuel 
pool 
421. For fuel storage ponds, if water level did fall and temperatures rose then 
eventually steam production would become an issue as high humidity could affect 
plant in the local area and a rising radiation field would be present.  This would pose 
a safety issue for personnel access.  At present there is no specific accident 
guidelines for severe accidents involving the fuel route and ponds in the UK, this has 
been assumed to be covered by the SAGs which are primarily written to cover 
reactor accidents, however, as a result of the learning from the Fukushima accident 
the UK licensees are considering the production of specific documentation to cover 
these areas. 

Flammable gas management in fuel route 
422. Magnox fuel rods are solid uranium metal clad in a magnesium alloy.  
Magnox Ltd believes that even in a completely drained pond the irradiated fuel 
element temperature rise will not generate significant quantities of hydrogen.  One 
Magnox Ltd site, Wylfa, is unique in that it stores its discharged irradiated fuel in dry 
stores in a gas atmosphere, the licensee states that hydrogen production here is not 
an issue as water is not present and temperatures are unlikely to reach a level where 
hydrogen production could be achieved. 

423. AGR fuel elements comprise uranium dioxide pellets clad in stainless steel to 
form fuel pins, and arrays of these fuel pins are housed in graphite sleeves.  In the 
event of extreme and prolonged loss of cooling, the possible very high temperatures 
could degrade the concrete of the pond wall.  Evolved steel might contact the 
element sleeve and result in a flammable gas risk due to oxidation of the graphite 
sleeves and result in evolution of hydrogen and carbon monoxide.  At more extreme 
temperatures (1000°C and above), oxidation of the chromium and iron in the 
stainless steel clad could give rise to hydrogen evolution. 

424. There are no specific plant arrangements in place to mitigate flammable gas 
risks in the region of an AGR pond, and sufficient release of flammable gas from 
un-cooled fuel could result in potentially explosive concentrations within the air-filled 
space above the pond.  It is also noted that, in recovery efforts to provide emergency 
cooling to severely uncovered and overheated fuel, deluging molten fuel (for 
example, with a fire hose) could give rise to a steam explosion. 

425. At Sizewell B there is no design or operational provisions in the fuel building 
for the management of hydrogen generated by zirconium oxidation by overheating 
fuel in the fuel storage pond.  

426. Only in extreme faults with major water loss and significant fuel temperature 
excursions would there be any issue of flammable gas evolution from a pond.  Pond 
halls are a large air filled space where concentrations of flammable gas could 
dilute/disperse and likely remain at below flammability concentrations for prolonged 
periods.  Furthermore; the associated high moisture environment associated with the 
huge amounts of steam production from boiling off of pond water would likely be a 
major inhibitor to any flammability risks.  In the event of ignition of any flammable gas 
build up, the resultant energy release would likely dissipate with limited additional risk 
above those already associated with the extreme fault conditions of inadequately 
shielded and cooled fuel in a pond depleted of water. 
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Providing adequate shielding against radiation 
427. Provision of adequate shielding for partial or complete uncovering of fuel in a 
pond would depend upon issues like the amount of water lost, the rate of loss, the 
quantities and available stock of top-up water, and the ability of plant and equipment 
to pump / transfer the top-up water to the pond.  Demineralised or towns main water 
or, in extremis, seawater could be used to provide make-up shielding if fuel in the 
pond is exposed.  Alternatively, suitable solid materials could be added with a view to 
providing additional shielding and / or sealing the leak path. 

428. EDF NGL has considered dose rates, criticality and recovery of shielding at 
the AGR and PWR ponds.  They state that the ponds’ civil structure should provide 
significant shielding in the lateral direction, even with the loss of water.  However, in 
the vertical direction and through sky shine dose rates around the pond area would 
become very high once the fuel is uncovered, many Sv/h directly above or alongside 
the pond.  Installed radiation monitoring would provide warning well in advance of 
this approaching situation provided it remained functional.  Existing analysis suggests 
that, once water level drops to about one metre above the fuel, the dose rate directly 
above or alongside the pond would reach the order of a Sv/h. 

429. In order to restore effective radiation shielding at an AGR or PWR pond, 
particularly local to the pond area, it is necessary to restore the pond water level.  
There are a number of engineering means of providing make-up water to the ponds; 
however, these are not always qualified against significant hazards.  The ability to 
operate the installed make-up water systems once the pond water level is 
considerably reduced and when there are very high dose rates in the pond area has 
not been confirmed.  Ad hoc means of restoring cover to the fuel using the fire 
hydrant system / flexible hoses might be possible, but again, they are likely to be very 
difficult due to the high dose rates, and might require water to be added indirectly by 
flooding, spraying into an adjacent (accessible) area that is connected to the ponds.  
Note that this only provides mitigation where the loss of water is due to boiling off, or 
from limited leakage in the civil structure.  In the event of a large enough breach in 
the civil structure then the water that is added would be lost immediately and water 
cover could not be restored. 

430. The vast majority of the fuel in an AGR pond would be both highly irradiated 
and stored in skips designed to prevent criticality excursions.  It is judged that fuel in 
skips cannot become critical even if seawater had to be introduced to the pond, it 
would have no additional impact upon criticality considerations.  However, it is 
recognised that a steam bubble formation within the array of fuel elements could 
reduce the margin to a criticality excursion.  Major damage to fuel elements not 
contained in fuel skip compartments may also significantly reduce the margins to 
criticality, this could occur as a result of a fuel handling accident like a tipped skip.  
This in combination with pond water boron concentration becoming diluted could 
result in the potential for criticality; however, large margins in boron concentration do 
exist.  For the PWR ponds margin to criticality is large whether or not the water is 
boronated, whether seawater is used and even with no water present.  This is due to 
the use of solid absorber assemblies within the fuel racks.  Criticality at a Magnox 
pond is not an issue due to the use of natural, or only slightly enriched uranium as 
fuel, which can not go critical using a light water moderator. 

431. Analysis for PWR fuel indicates that, provided water level is maintained (even 
with un-boronated water), then it would provide adequate shielding even if there was 
a critical fuel array in the bottom of the pond.  Similar analysis would be anticipated to 
give a comparable result for the AGR ponds.  If the water were lost completely, there 
would be no criticality hazard, as there would be insufficient moderator to create a 
critical assembly in any fuel configuration. 
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432. AGR BSTs are situated within a massive concrete structure, with no reliance 
placed on cooling water inventory for shielding.  Therefore, even with the tubes 
boiled dry there is no significant threat from direct radiation shine.  The margins to 
criticality for BST will not be degraded by boiling dry the water jacket. 

Restricting releases after severe damage of spent fuel in the fuel 
storage pools 
433. For the Magnox sites that have irradiated fuel ponds it is noted that the pond 
buildings have engineered facilities that could contribute to restricting releases after 
severe damage to the fuel in the pond.  Some level of shielding would be provided by 
the civil structure of the pond, even if breached; radiological release could be initially 
contained by the overbuilding; contaminated air could be discharged via the filtered 
active ventilation system; leaked pond water would initially be contained in the sumps 
in the active effluent treatment plant sub-basement. 

434. In AGR and PWR ponds the primary mitigation for activity release from the 
fuel pond is the contaminated Heating and Ventilation (H&V) systems.  These 
systems are designed to capture the vast majority of particulates, aerosols and 
molecular activity sources (excepting noble gases).  Providing these ventilation / 
filtration systems were functional (or could be made to operate in the aftermath of a 
significant event) this would aid in restricting releases after severe damage to spent 
fuel in the fuel storage pond.  It is noted that, once PWR fuel has been uncovered, it 
is anticipated that the amount of aerosols and fission products released into the 
building atmosphere would quickly saturate the H&V filter capacity, resulting in 
release of unfiltered activity.  Sealing of leak paths from the building would also be 
helpful in reducing releases, although the buildings are not designed to provide 
passive containment and hence some leakage would be unavoidable. 

435. A key means of limiting releases would be to restore water cover to the fuel, 
as this provides both cooling and some containment (of any uranium oxide that might 
have been produced) and also excludes oxygen from the fuel.  If refilling were not 
possible, then even a water spray (deluge) would be beneficial. 

436. AGR fuel that has failed in the reactor will have been processed through the 
AGR fuel route as pre-failed fuel and this will be stored in the pond in a bottle 
designed for failed fuel, filled with an inert nitrogen atmosphere.  The risk of activity 
release from this bottled fuel is very much less due to the containment of the bottle 
and the inert nitrogen atmosphere within. 

437. Once the BST water jacket has boiled dry, fuel temperatures will start to rise 
and eventually fuel pins will fail and clad will lose containment, thus releasing fission 
products and other radioactive material into the sealed BST.  Calculations indicate 
that temperatures will plateau before there is extensive fuel damage.  Even if clad 
melt occurred then BST pressure tube melt through is possible with radioactive 
material falling into the buffer store vault, where it should be contained.  Such leak 
paths could be sealed by manual intervention.  In addition, the sub-pile cap 
contaminated ventilation system should help to mitigate a release from the buffer 
store as it contains filters.  The buffer store vault could be cooled by forced air 
cooling or flooding. 

Instrumentation needed to monitor the spent fuel state and to manage 
the accident 
438. For the Magnox sites, that have irradiated fuel ponds, it is noted that 
instrumentation is available to monitor the state of the fuel and to manage the 
accident.  This includes pond water level, (adjacent) sump water level and pond 
pump compartment water levels instrumentation, plus local gamma monitors. 
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439. EDF NGL states that primary indications for the AGR and PWR ponds are 
water level and temperature.  There are various installed means of indication that can 
be supported by visual level observation and hand-held temperature monitoring.  The 
availability of remote indications from the ponds requires confirmation, especially in 
the event of significant water loss / high temperatures / dose rates.  EDF NGL has 
recognised that instrumentation to confirm the correct functioning of the 
contaminated extract system would be required to manage the accident, as would be 
the ability to monitor the local pond environment for fission product release.  For 
severe faults, EDF NGL judges that remote means of visual inspection (a radiation 
hardened camera) would be the most versatile means of monitoring the spent fuel, 
particularly if infrared (thermographic) capability were included. 

440. For AGR BSTs the primary measurements made are for temperature and 
pressure.  The extent of instrumentation varies across the AGR fleet; in some cases 
instrumentation is provided to individual tubes, in other cases to tube banks.  Most 
instrumentation is dependent on electrical power.  There is no direct means of 
confirming the water level in the water jackets.  Instrumentation to confirm the correct 
functioning of the containment extraction system would be required to manage the 
accident, as would be the ability to monitor the local buffer store environment for 
fission product release.  Fuel temperatures within a BST could be monitored in a 
severe fault but pile cap slabs would need to be lifted in order to gain access to the 
fuel assemblies’ channel gas outlet thermocouple connections. 

Availability and habitability of the control room 
441. For the Magnox sites, that have irradiated fuel ponds, it is recognised that 
local pond control could be compromised and, therefore, staffing levels would be 
reduced and / or limited to infrequent visits for pond parameter monitoring.  The MCR 
is always physically remote from the pond and it is not anticipated to be affected by a 
pond fuel uncovering event alone.  If high radiation levels did impact upon the MCR 
then staffing requirements would be reviewed. 

442. EDF NGL states that AGR pond control rooms are likely to be uninhabitable if 
there is a considerable reduction in water level (close to uncovering the fuel) due to 
high radiation levels.  In the event of boiling of the pond, there may also be issues 
regarding the habitability due to ingress of steam (which may be active).  However, 
MCRs are remote from the ponds and are unlikely to be affected by the pond event. 

443. AGR BSTs cannot affect the MCR no matter how serious the event taking 
place in one, or more, of the tubes. 

444. The Sizewell B PWR does not have a pond control room; all operations 
relating to the fuel storage pond are controlled from the MCR, which is located a 
significant distance away from the pond.  EDF NGL states that dose rates at the 
MCR will be low even with a dry fuel storage pond.  However, radioactive release 
may affect the H&V system and they have concluded that it would be prudent to carry 
out further investigation into possible effects on control room habitability. 

Licensees’ conclusions 
445. The UK NPP operators have reviewed their current arrangements and believe 
that they have detailed robust arrangements for emergency response which are 
subject to a programme of continuous improvement and exercised as required by 
accepted procedures and regulatory demands.  Following detailed review of the 
Fukushima event, the subsequent review of UK station safety cases and examination 
of the associated risks on plant, it is not believed that the fundamental risk profile on 
the power stations has changed.  Therefore, licensees conclude that their current 
arrangements remain fit-for-purpose. 
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446. All of the UK licensees have noted that they have robust arrangements for 
dealing with design basis accidents at their NPPs, and that they can be extended into 
beyond design basis/severe accident conditions.  This review, carried out in the light 
of the events at Fukushima, has indicated some potential enhancements that now 
need assessment to clarify precisely what is reasonably practicable.  Some 
suggestions, such as consideration of staff welfare, increasing the range of accident 
scenarios used in training and exercises, dispersion of emergency equipment about 
a given site and off-site storage of emergency back-up equipment are likely to be 
implemented quickly.  Others may require site modifications that will need to pass 
through the site modifications procedure; these will take more time to implement. 

447. EDF NGL has concluded that the robustness of the AGR and PWR ponds 
against design basis accidents is appropriate; however, the review of robustness to 
beyond design basis accidents has identified several areas where enhancement 
could be considered.  The consideration will relate to provision of additional 
emergency back-up equipment.  This equipment could provide additional diverse 
means to ensure robust, long-term, independent supplies to the pond.  It could be 
located at an appropriate off-site location close to the station to provide a range of 
capability to be deployed in line with initial post-event assessment. 

448. Magnox Ltd has not identified any measures that are reasonably practicable 
to improve robustness of their ponds. 

449. The proposed off-site equipment, would be located an appropriate distance 
from the station and may include items to enable pond cooling, emergency command 
and control facilities, communications equipment, emergency response / recovery 
equipment, electrical supplies for lighting and control and instrumentation.  It could 
also include water supplies for cooling and robust means for transportation of it all, 
and personnel, to the site post-event.  It would be appropriate, given learning from 
events in Japan, if this equipment was developed, to review and where necessary 
revise the documentation and training provided for severe accident management. 

450. The licensees of the operational power stations consider that the systems of 
communication that they employ both internally and externally provide a good level of 
resilient communication.  Each of the primary communication links, including 
telephony, mobile telephony, NIAS and UHF radio are separate systems with 
separate infrastructure, thus providing a high level of diversity and a robust 
communications function.  Nevertheless, the licensees have decided to consider 
further resilience enhancements to communications equipment and associated 
critical supplies arising from their stress test reviews. 

451. It has been recognised by the licensees that it would now be appropriate to 
review the SBERGs and SAGs, and to follow this up with appropriate training in their 
use.  The licensees have recognised that more people would benefit from training in 
the use of SAGs and they intend reviewing the adequacy of training and the 
feasibility of implementing the advice in real scenarios. 

2a. Actions to be taken or planned by the licensees 

452. Magnox Ltd has held a series of staff workshops following the Fukushima 
event to consider the robustness of its sites against internal and external hazards.  
Some possible improvements to accident management capabilities were identified 
and they are now being assessed.  If considered appropriate, some of these 
proposals will be implemented; a detailed list of these ‘Considerations’ is provided in 
Section 4 of this topic. 

453. EDF NGL has examined in detail its accident management capabilities.  This 
has provided the company with a level of reassurance that its plans, people and 
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facilities are strong and robust to deal with disruption and uncertainty.  However, 
lessons have been learnt and EDF NGL wishes to improve its response to an event.  
It has identified that improvements could be made to site resilience, multi-site 
support, communications, supply chain, emergency arrangements and procedures, 
which should also take into account staff welfare. 

454.  EDF NGL intends to provide modularised back-up equipment containers, 
stored at suitable national locations, given required response times for each station, 
deployed using an appropriate transportation system, for extreme circumstances.  
These will include plant modules to aid recovery following beyond design basis 
flooding, any unknown beyond design basis event, recovery of cooling / containment 
functions and essential electrical supplies.  An emergency management module will 
be utilised with the capabilities to manage / oversee the response operation; to 
accommodate response personnel and determine (directly or indirectly) essential 
information concerning the plant state. 

455. Suitable transportation for the delivery and movement of equipment, in the 
modularised containers, and personnel to and around affected site will also be 
provided.  

456. To ensure the availability of all back up equipment for deployment, from its 
dormant state in an emergency event, suitable management of its required 
maintenance is to be achieved. 

457. Analysis of the Fukushima accident by EDF NGL has shown that for light 
water reactors it may be necessary to get additional emergency equipment onto site 
very quickly.  Consequently, the licensee is reviewing the need for the provision of 
dedicated modularised back-up equipment containers close to or located on the 
Sizewell B site. 

458. A number of reviews are being proposed by the nuclear licensees to consider 
how lessons identified from Japan and credible beyond design basis events can be 
reflected in facilities, procedures, training and exercise programmes.  For example, 
EDF NGL is using experience from other response organisations and the military. 

459. EDF NGL plans to enhance arrangements, ensuring they are fit-for-purpose 
and capable of responding to events on the scale of Fukushima. These 
enhancements will impact on three key areas, facilities (including equipment), people 
and procedures.  The facilities aspect of work looks at resilience improvements to the 
emergency control rooms on a local and national basis, which includes the 
requirements of stations.  This includes technical elements such as communications 
and supplies and the generic arrangements within the facilities which are used to 
manage the emergency response. 

460. The people aspect looks at how the response (including back-up equipment) 
is delivered and by whom, which includes training and exercising the response.  This 
includes ensuring staff welfare before, during and after an event.  Procedures that 
will be followed when the organisation tests its response either during exercise or 
real incidents.  The emergency arrangements element of procedures will look at what 
is required and how it is going to be delivered. 

461. All changes implemented will require training and subsequent validation 
through exercising to ensure employees are aware of new initiatives and that they 
are fit-for-purpose. 

462. Sellafield Ltd has not identified any specific measures to improve the 
emergency arrangements at Calder Hall.  However, it is undertaking a review of the 
wider Sellafield site which is expected to result in recommendations and 
improvements that could benefit Calder Hall. 
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2b. Schedules to complete the operator’s planned 
activities 

463. The UK licensees have provided a high level overview of their timescales for 
the implementation of their measures to increase the robustness of the on-site 
emergency arrangements and the provision of additional back up equipment. This is 
provided in Tables 5 and 6, more detailed plans, relating to individual considerations 
are provided in Section 4 of this topic area.  

Table 5: Emergency arrangement – back-up equipment 

Off-site back up equipment Completion 

EDF NGL 

AGR general manufacturing equipment Feb 2013 

Mobile dewatering kit manufacture Sep 2012 

AGR PPE procurement Sep 2012 

Pod Support Equipment Sep 2012 

AGR Inert Gas Supplies procurement Feb 2013 

AGR Boiler Feed procurement Mar 2013 

AGR Reverse Osmosis procurement May 2013 

AGR/PWR Waste Management procurement Sep 2013 

Buffer Store Cooling procurement Jan 2013 

Pond cooling procurement Jan 2013 

PWR containment cooling and control construction Jan 2013 

PWR emergency generation procurement Dec 2012 

Arrangements for the management of the back up equipment Dec 2013 

AGR command and control pod procurement Jan 2013 

Vehicle procurement May 2013 

Magnox Ltd 

Restructure the 'Thunderbird' trailer arrangement (off-site 
emergency equipment) to cover all sites dependant on risk. 

June 2012 
 

Purchase and deliver containers and equipment December 2012 

Provide diverse communications facilities to all sites (Satellite 
technology) 

June 2012 
 

Enhance Training and exercise arrangements in line with 
National advice from competant bodies 

December 2012 
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Table 6: Emergency arrangements 

Emergency Preparedness Completion 

EDF NGL 

Improve the resilience of central facilities Oct 2012  

Diversify current communication methods to increase levels of 
resilience based on learning from Japanese Earthquake event. 

May 2012 

Analyse current arrangements for key supply chain to ensure the 
essential supplies and consumables are delivered to stations and 
other key sites during emergency conditions. 

Oct 2012 

SBERGs and SAGs 

Review and update existing EDF Energy Symptom Based 
Emergency Response Guidelines (SBERG), Severe Accident 
Guidelines (SAG) 

Feb 2013 

Review and update existing EDF Energy Severe Accident 
Guidelines (SAG) 

Sep 2013 

Human Aspects 

Review staff welfare, human factors and emotional aspects of 
response to emergencies and develop appropriate 
enhancements 

Mar 2013 

Beyond Design Basis Response 

Enhance the generic emergency response arrangements based 
on learning from Japanese Earthquake. 

Mar 2013 

Review and update existing EDF Energy arrangements for staff 
resource and support stations providing mutual aid during 
significant protracted emergency events. 

Mar 2013 

Response (Equipment) Interface 

Ensure seamless integration of Response Equipment into EDF 
Emergency Arrangements 

Oct 2012 

Response to site specific actions which will enhance the 
emergency arrangements locally at stations based upon 
Operational Experience from the Japanese Earthquake  

Oct 2012 

Training and Exercising 

Identify additional training requirements for beyond design basis 
events and outputs from resilience enhancements 
(Station/Centre/POD team) 

Mar 2014 

Update exercise arrangements to reflect scenarios based on 
beyond design basis events and utilise principles of extend-
ability 

Mar 2014 

Magnox Ltd 

Review, updating existing SBERGs and SAGs for Reactor core June 2012 
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Emergency Preparedness Completion 

cooling for Wylfa, including new training scheme  

Extend SBERGs and SAGs to cover fuel routes and cooling 
ponds - to include rollout and training. 

December 2012 
 

Further extend to deal with ILW stores at non NPP sites March 2013 

Enhance Training and exercise arrangements in line with 
National advice from competent bodies 

March 2013 
 

 

3a. Activities performed by the regulatory body 

464. ONR has reviewed the licensee stress test submissions to confirm the 
adequacy of their submission and that all appropriate lessons are been taken 
onboard from the events at Fukushima.  A summary of ONR assessment is provided 
below. 

Organisation and arrangements of the licensee to manage 
accidents 
465. In 2010, ONR had asked EDF NGL to carry out a review of their beyond 
design basis accident containers.  The licensee was about to report on its review 
when the Japanese event happened.  Consequently, it was agreed that further work 
was required in the light of the Fukushima accident. 

466. Following the events at Fukushima, licensees are considering means of 
ensuring that staff will be able to reach the site to provide the necessary support 
under severe conditions.  The adequacy of these arrangements will be assessed by 
ONR in the context of the potential operator interventions required in the event of a 
beyond design basis event as the licensees’ plans mature. 

467. Much of the organisation and arrangements to manage accidents has been in 
place for many years.  ONR takes a close interest in every site’s emergency scheme, 
and each site emergency plan is formally approved by ONR.  Every site has an 
annual demonstration exercise (based on a design basis fault scenario) that is 
witnessed by a team of ONR inspectors; this drives the continuous improvement 
process.  Checks are carried out to ensure that, among other things: suitably 
qualified and experienced persons operate the facility and fill the emergency scheme 
roles; all personnel are subject to regular training and assessment; on-site and off-
site facilities are adequate to deal with an event; and all claimed emergency 
equipment is regularly tested and maintained. 

468. It is recognised by ONR that training and exercises relating to highly unlikely 
beyond design basis faults could be improved.  SBERGs and SAGs are not being 
fully tested and exercised.  It is important, however, not to get this aspect out of 
proportion in terms of the overall emergency preparedness as design basis faults are 
significantly more likely than beyond design basis.  Nevertheless, some 
enhancement in this area seems reasonable and is therefore being considered by 
the licensees.  Before they commence down this route they need to review the 
SBERGs and SAGs in the light of any new arrangements and / or facilities that are 
being provided following the work associated with this stress tests process and the 
response to the HM Chief Inspector’s Final Report (Ref. 2). 

469. ONR is concerned that a severe external hazard could impact upon the 
structures, systems and components needed in the response to an accident.  HM 
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Chief Inspector’s Final Report (Ref. 2) also expressed a concern that coincident 
damage at both the nuclear facility and the off-site centre may be possible and 
should be considered by the licensees.  These facilities, and on-site command 
centres, should be capable of operating adequately in the conditions, and for the 
duration that they will be required, even in severe accident conditions.  The reviews 
offered by the licensees should address these concerns. 

470.  EDF NGL and Magnox Ltd are currently considering assessing the location 
and contents of the beyond design basis containers.  Means of getting the containers 
onto a site that is undergoing, or has undergone, a significant event is also being 
reviewed.  ONR believes that the industry should carry out analysis to identify 
appropriate repair and recovery strategies to guide the provision of equipment in off-
site containers.  Additionally, ONR expects the containers to be located at optimum 
locations that should avoid damage by the severe event, yet keep timescales for 
delivery to site post-event to a minimum. 

471. EDF NGL and Magnox Ltd’s individual stress tests reports indicate that 
consideration is to be given to improving the resilience of its existing equipment and 
critical supplies in the context of additional emergency back-up equipment.  
Notwithstanding this, there is less clarity provided in the stress tests reports on the 
extent to which this may involve improvements to the resilience of equipment and 
systems currently installed at NPPs.  Therefore, ONR has raised Finding STF-14 that 
this issue should be addressed. 

472. The licensees recognise the importance of communications in an emergency 
response and describe a variety of optional approaches that may be available to 
maintain these links.  Noting that all the current systems potentially suffer from 
common cause failure on loss of their respective power supplies or disruption to 
signal transmission / reception caused by adverse environmental effects of a severe 
external hazard.  Further review is offered to consider resilience in this area and 
improve withstand against the adverse effects of external hazards.  ONR is aware 
that provision of satellite telephone communications equipment is being considered; 
however, if this route is followed then agreement will be required from all parties 
otherwise enhanced communications by this means cannot be guaranteed. 

473. Getting people, services and equipment onto site if local infrastructure has 
been impacted upon is being considered by the licensees and alternative 
arrangements are being reviewed.  It is also recognised that facilities and equipment 
used in an emergency response may be vulnerable to seismic, severe weather and 
flooding events and therefore reinforcement of the arrangements, or provision of new 
alternatives, is being given serious consideration at present. 

474. ONR agrees that the current resilience, response and emergency 
arrangements are robust for design basis faults and they are extendable.  No un-
anticipated cliff-edge effects have been identified.  However, further review beyond 
the design basis is encouraged so that additional, reasonably practicable 
enhancements may be identified and, when justified, implemented.  This should 
result in enhanced margin in beyond design basis situations.   

475. EDF NGL has stated that it will implement identified modifications by the end 
of 2014, see Section 2b for further details.  Due to the limited operational life of the 
Magnox reactors, the only operational reactor (Wylfa R1) being scheduled to 
shutdown in September 2014, Magnox Ltd’s response has differed from that of EDF 
NGL.  Magnox Ltd believes that they have limited time to perform detailed studies on 
measures to increase plant resilience and have therefore set about implementing 
additional equipment which it believes will increase site resilience / defence-in-depth.  
Therefore, Magnox Ltd has already increase stock levels of consumables on the 
operational sites i.e. CO2, fuel etc.  At the Wylfa site, Magnox Ltd has acquired two 
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150kVA mobile generators, two lightweight diesel fire pumps, a lightweight portable 
pump with generator and three petrol fire pumps to provide electricity, feed water and 
a greater fire fighting capability on-site.  Also Magnox Ltd has obtained two road 
tankers to ferry water from a local reservoir (if required) and a large earth mover for 
clearing site post event. 

476. Wylfa already has a set of beyond design basis containers positioned near 
the Wylfa site.  As part of the Fukushima response additional equipment is been 
supplied to supplement these supplies e.g. Health Physics equipment – various, 
personal protective equipment (PPE) clothing, CO2 monitors etc.  

Accident management measures to restrict the radioactive 
releases 
477. ONR agrees that all UK reactors are designed to provide defence in depth 
against the release of fission products and other radioactive material; however, in 
beyond design basis accidents these barriers have the possibility to be breached and 
a release to atmosphere occur.  Consequently, this review has considered what it 
would be reasonably practicable to do in order to restrict radioactive release should 
the containment fail or the event is on an uncontained fuel route. 

478. Once containment fails it is very difficult to restrict radioactive release.  
Operational gas reactors have iodine absorption plants that could reduce the 
radiological impact of a release on people.  In all cases, reliance has to be placed on 
emergency arrangements especially the use of sheltering and the taking of 
potassium iodate tablets.  If necessary, and if possible following a natural event, 
there are arrangements for evacuation of people from sectors around all sites. 

479. Fuel route severe accident scenarios have been considered in detail in the 
stress test submissions for all sites apart from Wylfa.  ONR has informed Magnox Ltd 
that it is not acceptable to dismiss the stress test specification on the grounds that 
Wylfa does not have a spent fuel pool.  An assessment is required of the Wylfa dry 
spent fuel store to identify any reasonably practicable improvements that could be 
implemented to reduce the radiological consequences of a beyond design basis fault.  
This is reflected in Finding STF-13 in the National Report on stress tests.  That said, 
the review for Magnox Ltd ponds has not identified anything beneficial that can be 
done in the short time that they will remain operational. 

Accident management measures in place at the various stages of a 
scenario of loss of the core cooling function 
480. ONR agrees that the current operating Magnox reactors and AGRs have 
characteristics, such as low power density relative to the heat capacity of the large 
mass of the graphite moderator and single phase coolant, which results in them 
having long timescales before fuel damage can occur in the event of loss of post-trip 
cooling.  There is time available for operator interventions that aid the survival of the 
massive reinforced concrete pressure vessel.  For all systems, radiological 
consequences in design basis faults are considered acceptable.  However, once in 
beyond design basis conditions, reliance is placed on SBERGs, SAGs and the 
emergency scheme arrangements to limit radiological release and consequences. 

481. Recommendation IR-25 of HM Chief Inspector’s Final Report (Ref. 2) 
recommended that the UK nuclear industry should review, and if necessary extend, 
analysis of accident sequences for long-term severe accidents.  Related to this, 
Recommendation FR-4 also stated that the nuclear industry should ensure that 
adequate Level 2 PSA is provided.  A key intent of these recommendations is to 
inform potential improvements to severe accident management measures through a 
better understanding of severe accident progression and mitigation.  It is expected by 
ONR that the SBERGs and SAGs will need to be revised to take account of 
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developments in this area.  It is also expected that revision will be required to cover 
the additional equipment that is likely to be available in the emergency containers.  
Consequently, ONR has raised Finding STF-16, which states that licensees should 
review the SBERGs and SAGs taking into account improvements to the 
understanding of severe accident progression, phenomena and the equipment 
available to mitigate severe accident.  This review should also take into account the 
fuel route.  Once completed, appropriate training and exercising should be arranged. 

3b. Schedules for completion of the regulatory activities 

482. ONR requires that the licensees should report on the decision making 
process regarding their considerations, including a description of the sentencing of 
these considerations. This has been stated in Finding STF-1 of the National Stress 
Test Report:  

Finding STF-1: Licensees should provide ONR with the decision-making process to 
be applied to their Considerations along with a report which describes the sentencing 
of all their Considerations. 

483. The report will need to demonstrate to ONR that the conclusions reached are 
appropriate. 

484. Within the HM Chief Inspector’s Interim Report the final recommendation 
required that the licensees respond to the recommendations within one month. This 
was stated in Recommendation IR-26:  

Recommendation IR-26: A response to the various recommendations in the interim 
report should be made available within one month of it being published.  These 
should include appropriate plans for addressing the recommendations.  Any 
responses provided will be compiled on the ONR website. 

485. The licensees provided responses to the recommendations and have now 
provided two further updates on the interim recommendations and one update on the 
final recommendations.  

486. ONR requires that the licensee respond to all recommendations and findings 
by June 2012.  This is stated in Recommendation FR-12 and Finding STF-19: 

Recommendation FR-12: Reports on the progress that has been made in responding 
to the recommendations in this report should be made available to ONR by June 
2012.  These should include the status of the plans, together with details of 
improvements that have been implemented by that time.  

Finding STF-19: Reports on the progress made in addressing the conclusions of the 
licensees Considerations and the ONR findings should be made available to ONR on 
the same timescale as that for HM Chief Inspector’s recommendations (June 2012).  
These should include the status of plans and details of improvements that have been 
implemented. 

487. Once these responses have been received ONR will compile a final 
implementation report detailing the work that will be done to respond to the events at 
Fukushima within the UK.  

3c. Conclusions of the regulatory body 

488. With regard to the de-fuelling reactors, it is agreed that reactors that have 
been shut down for many years are now passively cooled and that natural event 
induced severe accidents are predicted to have negligible effect.  Only operational 
reactors (plus Oldbury) could experience adverse consequences if subjected to 
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credible, but beyond design basis, natural phenomena induced accidents.  All 
licensees have robust emergency arrangements for handling design basis events at 
all nuclear installations, however, they recognise that further review is required if 
these arrangements are to be enhanced to more robustly deal with beyond design 
basis situations.  It is anticipated that more emergency back-up equipment will be 
provided and that guidance in SBERGs and SAGs will be improved.  In order to do 
this, additional analysis of severe accident sequences will be necessary to identify 
appropriate accident management measures.  At the same time, current 
arrangements will be extended to fully cover fuel routes.  Review is required to 
determine the measures required to maximise pre-stressed concrete pressure vessel 
survival time in severe accident conditions as this is a significant retainer of fission 
products.  For Sizewell B, the feasibility of improving containment building survival 
time by installing filtered venting, autocatalytic hydrogen re-combiners and provision 
of flexible means of injecting water need to be completed and appropriate 
modifications considered / implemented. 

489. ONR has raised some findings, however ONR is satisfied that the reactor 
sites are robust with regard to design basis faults and that a considerable work 
programme has commenced for operational reactor sites in beyond design basis 
situations with the aim that enhancements should be identified and, when 
appropriate, delivered in the next couple of years. 



 

4. Summary of actions 

Activities by the Operator* Activities by the Regulator* 

Ref. Activity Site 

(Item 2.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

(Item 2.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 2.c) 
Results 

Available 
 

- Yes? 
- No? 

(Item 3.a) 
Activity 
- Taken? 

- Ongoing?
- Planned?

(Item 3.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 3.c) 
Conclusion 
Available 

 
- Yes? 
- No? 

CSA066 Alignment of Dungeness B with generic role profile for 
responding ACP teams would enhance their resilience 
due to an increase in skills available. 

Dungeness B Ongoing Jul 2013 No 

CSA067 EDF Energy will consider how lessons identified from 
Japan and credible beyond design basis events can be 
reflected in our facilities, procedures, training and 
exercise programmes.  Utilising experience from other 
emergency response organisations and the military, 
EDF will consider enhancement of its staff welfare, 
human factors and emotional aspects associated with 
emergency response. 

All EDF NGL 
Sites 

Ongoing Mar 2014 No 

CSA068 EDF Energy will consider further resilience 
enhancements to its equipment and critical supplies 
which take onboard lessons of extendibility and issues 
that prolonged events could present.  Extensive work 
has already begun to highlight updates to equipment, its 
location and deployment. 

All EDF NGL 
Sites 

Ongoing Mar 2013 No 

CSA069 EDF Energy to consider enhancing current telephony 
and communications systems to increase levels of 
resilience of key technological components based on 
learning from Japan. 

All EDF NGL 
Sites 

Ongoing July 2012 No 

CSA070 EDF Energy will consider a review of its mobile facilities 
and the resilience of equipment contained within. 

All EDF NGL 
Sites 

Ongoing Mar 2013 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA071 EDF Energy should consider reviewing existing 
arrangements to ensure the principles of extendibility 
are adhered to.   

All EDF NGL 
Sites 

Ongoing Dec 2012 No 

CSA072 Further mitigation against beyond design basis 
accidents could be provided by additional emergency 
backup equipment.  This equipment could be located at 
an appropriate off-site location close to the station to 
provide a range of capability to be deployed in line with 
initial post-event assessment.  This equipment may 
include the following capabilities: 

 Electrical supplies for plant facilities. 
 Emergency command and control facilities 

including communications equipment. 
 Emergency response / recovery equipment. 
 Electrical supplies for lighting, control and 

instrumentation. 
 Robust means for transportation of above 

equipment and personnel to the site post-
event. 

 Equipment to provide temporary shielding and 
deal with waste arising from the event. 

All EDF NGL 
Sites 

Ongoing Dec 2012 No 

CSA073 EDF Energy to review the adequacy of training in the 
use of the SAGs and the feasibility of implementing the 
advice in real scenarios. 

All AGRs Ongoing Sep 2013 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA074 
 
 
 

EDF Energy should consider a review, extension and 
retraining for the SBERGs. 

All AGRs Ongoing Sep 2013 No 

CSA075 Further mitigation against beyond design basis 
accidents should be provided by additional emergency 
backup equipment.  This equipment should provide 
additional diverse means of ensuring robust, long-term, 
independent supplies to the sites.  This equipment 
should be located at an appropriate off-site location 
close to the station to provide a range of capability to be 
deployed in line with initial post-event assessment.  This 
equipment may include the following capabilities: 

 Equipment to enable pressure vessel cooling. 
 Supply of suitable inert gas for primary circuit 

cooling (AGR only). 
 Equipment to enable boiler feed. 
 Compressed air supply for decay tube cooling 

(AGR only). 
 Electrical supplies for primary circuit coolant 

circulation. 
 Equipment to enable fuel pond cooling. 
 Emergency command and control facilities 

including communications equipment. 
 Emergency response / recovery equipment. 
 Electrical supplies for lighting, control and 

instrumentation. 

All AGRS Ongoing Dec 2012 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

  Water supplies for cooling from non-potable 
sources. 

 Robust means for transportation of above 
equipment and personnel to the site post-
event. 

 

    

CSA076 Further mitigation against beyond design basis 
accidents should be provided by additional emergency 
backup equipment.  This equipment should provide 
additional diverse means of ensuring robust, long-term, 
independent supplies to the sites.  This equipment 
should be located at an appropriate off-site location 
close to the station to provide a range of capability to be 
deployed in line with initial post-event assessment.  This 
equipment may include the following capabilities: 

 Equipment to enable containment cooling. 
 Equipment to enable steam generator 

feedwater. 
 Electrical supplies for primary circuit make-up. 
 Equipment to enable fuel pond cooling. 
 Emergency command and control facilities 

including communications equipment. 
 Emergency response / recovery equipment. 
 Electrical supplies for lighting, control and 

instrumentation. 
Water supplies for cooling from non-potable sources 

Sizewell B Ongoing Dec 2012 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

  Robust means for transportation of above 
equipment and personnel to the site post-
event. 

 

    

CSA077 Consideration should be given to providing further 
mitigation against beyond design basis accidents by the 
provision of additional emergency backup equipment.  
This equipment could provide additional diverse means 
of ensuring robust, long-term, independent supplies to 
the ponds.  This equipment could be located at an 
appropriate off-site location close to the station to 
provide a range of capability to be deployed in line with 
initial post-event assessment.  This equipment may 
include the following capabilities: 
Equipment to enable fuel pond cooling. 
Emergency command and control facilities including 
communications equipment. 
Emergency response / recovery equipment. 
Electrical supplies for lighting, control and 
instrumentation. 
Water supplies for cooling from non-potable sources. 
Robust means for transportation of above equipment 
and personnel to the site post-event. 
It would be appropriate, if this equipment was 
developed and in any case to capture learning from 
events in Japan to review and where necessary revise 
the documentation and training provided for severe 
accident management in the fuel route plant areas.   

All AGRs Ongoing Dec 2012 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA078 Consideration should be given to providing further 
mitigation against beyond design basis accidents by the 
provision of additional emergency backup equipment.  
This equipment could provide additional diverse means 
of ensuring robust, long-term, independent supplies to 
the ponds.  This equipment could be located at an 
appropriate off-site location close to the station to 
provide a range of capability to be deployed in line with 
initial post-event assessment.  This equipment may 
include the following capabilities: 
Equipment to enable fuel pond cooling. 
Emergency command and control facilities including 
communications equipment. 
Emergency response / recovery equipment. 
Electrical supplies for lighting, control and 
instrumentation. 
Water supplies for cooling from non-potable sources. 
Robust means for transportation of above equipment 
and personnel to the site post-event. 
Installation of a radiation hardened camera with infra-
red capability in the fuel pond area to aid remote 
inspection of the fuel pond in fuel pond severe 
accidents.It would be appropriate, if this equipment was 
developed and in any case to capture learning from 
events in Japan to review and where necessary revise 
the documentation and training provided for severe 
accident management in the fuel route plant areas.   

Sizewell B Ongoing Dec 2012 No  
 
 
 
 
 
 
 
 
 
 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA079 There are currently no role specific details within the 
Emergency Scheme for the Fire Team Leader role in 
IRT.  The development of this role detail is considered 
fundamental due to the requirement for a greater level 
of confidence / competence in this role during an 
emergency.  In order to respond to the issue there is a 
need for specific training modules for this role, which is 
a role at Hinkley Point B station. 

Hinkley Point B Ongoing Jul 2013 No 

CSA080 Complete Implementation of ECC Communication Co-
ordinator role.   

Hartlepool, 
Heysham 1 and 
2 and Sizewell 

B 

Ongoing Jul 2013 No 

CSA081 Review in detail the benefits of having a co-located 
ECC particularly focusing on the benefits that could be 
gained during Heysham 1 and 2 response to a multi unit 
event.   

Heysham 1 and 
2 

Ongoing Jul 2013 No 

CSA082 Due to Heysham 1 and 2 utilising the adjacent sites 
ECC as a back up facility this could potentially result in 
vulnerabilities in the station response to a multi unit 
event.  Establishment of an independent back up ECC 
should be considered. 

Heysham 1 and 
2 

Ongoing Jul 2013 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA083 Heysham 1 and 2 to carry out a review of equipment 
and where possible align to allow for ease of use during 
an emergency.  Equipment logs and location should be 
kept in both stations ECC to allow emergency 
responders to quickly identify and access equipment as 
needed.  Where possible equipment should be kept in 
diverse locations to increase the probability of access. 

Heysham 1 and 
2 

Ongoing Jul 2013 No 

CSA084 Ensure learning from Periodic Safety Review is 
incorporated into the emergency arrangements where 
appropriate. 

Sizewell B Ongoing Mar 2014 No 

CSA085 Further mitigation against beyond design basis 
accidents could be provided by reviewing the feasibility 
of enhancing the plant design.  These enhancements 
may include the following measures: 
Installing a filtered containment venting system (FCV). 
Installing passive autocatalytic hydrogen recombiners to 
mitigate against hydrogen risk especially post-RB failure 
(or prior to containment venting). 
Installing quick hook-up points on the containment 
building fire suppression system to allow a flexible 
solution of containment water injection into containment.

Sizewell B Ongoing Mar 2014 No 

CSA086 Once a strategy for back-up equipment has been 
finalised consideration should be given to a review of 
the SOI 8 series. 

Sizewell B Ongoing Mar 2014 No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

CSA087 Review the severe accident mitigation procedure 
against best practice for Westinghouse plants and 
benchmark against severe accident procedures for 
French PWRs, specifically in terms of consistency of the 
procedure, priority of recovery actions and their 
feasibility of operation. 

Sizewell B Ongoing Mar 2014 No 

CSA088 Consideration should be given to reviewing whether any 
airborne release from a severe accident in the fuel pond 
would affect the habitability of the MCR. 

Sizewell B Ongoing Mar 2014 No 

M1 Consideration will be given to enhancing the methods 
and equipment for primary pressure circuit sealing. 

Oldbury and 
Wylfa 

Ongoing December 
2012 

No 

M7 Consideration will be given to enhancing the availability 
of beyond design basis equipment. 

All Magnox Ltd 
Sites 

Ongoing December 
2012 

No 

M8 Consideration will be given to providing further 
equipment to facilitate operator access around the Site. 

All Magnox Ltd 
Sites 

Ongoing December 
2012 

No 

M9 Consideration will be given to reinforcing the training for 
staff who may be required to respond to extreme 
events. 

Oldbury and 
Wylfa 

Ongoing December 
2012 

No 

M10 Consideration will be given to enhancing on-site 
arrangements for command, control and 
communications. 

All Magnox Ltd 
Sites 

Ongoing December 
2012 

No 

M12 Consideration will be given to updating and enhancing 
severe accident management guidance. 

All Magnox Ltd 
Sites 

Ongoing December 
2012 

No 

ONR requires that all of the licensee’s 
“considerations” are to be formally decided 
and plans submitted to the ONR by the end 

of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

STF-15 Licensees should complete the various reviews that 
they have highlighted so that ONR can assess their 
proposals and associated timescales.  These reviews 
should look in detail at on-site emergency facilities and 
arrangements, off-site facilities, facilities for remote 
indication of plant status, communication systems, 
contents and location of beyond design basis containers 
and the adequacy of any arrangements necessary to 
get people and equipment on to and around site under 
severe accident conditions.  Any changes to 
arrangements and equipment will require appropriate 
training and exercising. 

All Sites Ongoing Magnox Ltd 
Dec 2012 
EDF NGL 
Mar 2014 

No 

STF-16 Licensees should review the symptom-based 
emergency response guidelines (SBERG) and severe 
accident guidelines (SAG) taking into account 
improvements to the understanding of severe accident 
progression, phenomena and the equipment available 
to mitigate severe accident.  This review should also 
take into account the fuel route.  Once completed, 
appropriate training and exercising should be arranged. 

All Sites Ongoing Magnox Ltd 
Dec 2012 
EDF NGL 
Mar 2014 

No 

STF-17 Licensees should further review the systems required to 
support long-term claims on the pre-stressed concrete 
pressure vessel containment capability in severe 
accident conditions. 

All Gas-cooled 
Reactors 

Ongoing Mar 2014 No 

Licensees are required to formally submit 
plans to ONR to address the STFs by the 

end of June 2012 
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Activities by the Operator* Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

STF-18 EDF Energy Nuclear Generation Ltd should complete 
its feasibility study into the installation of filtered 
containment venting, installation of passive autocatalytic 
hydrogen recombiners and flexible means of injecting 
water into the Sizewell B containment. 

Sizewell B Ongoing Mar 2014 No 
Licensees are required to formally submit 
plans to ONR to address the STFs by the 

end of June 2012 
 

IR-21 The UK nuclear industry should review the ventilation 
and venting routes for nuclear facilities where significant 
concentrations of combustible gases may be flowing or 
accumulating to determine whether more should be 
done to protect them. 

All Sites Ongoing Magnox Ltd 
Dec 2012 
EDF NGL 
Jun 2012 

No 

IR-22 The UK nuclear industry should review the provision on-
site of emergency control, instrumentation and 
communications in light of the circumstances of the 
Fukushima accident including long timescales, wide 
spread on and off-site disruption, and the environment 
on-site associated with a severe accident. 

All Sites Magnox Ltd 
Ongoing 

EDF NGL 
Taken 

Magnox Ltd 
Dec 2012 
EDF NGL 
Mar 2012 

Magnox Ltd 
No 

EDF NGL 
Yes 

IR-23 The UK nuclear industry, in conjunction with other 
organisations as necessary, should review the 
robustness of necessary off-site communications for 
severe accidents involving widespread disruption.  

All Sites Magnox Ltd 
Ongoing 

EDF NGL 
Taken 

Magnox Ltd 
Dec 2012 
EDF NGL 
Mar 2012 

Magnox Ltd 
No 

EDF NGL 
Yes 

Licensees are required to formally submit 
plans to ONR to address the HM Chief 

Inspector’s recommendations by the end of 
June 2012 
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Activities by the Operator* Activities by the Regulator* 

Ref. Activity Site 

(Item 2.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

(Item 2.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 2.c) 
Results 

Available 
 

- Yes? 
- No? 

(Item 3.a) 
Activity 
- Taken? 

- Ongoing?
- Planned?

(Item 3.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 3.c) 
Conclusion 
Available 

 
- Yes? 
- No? 

IR-24 The UK nuclear industry should review existing severe 
accident contingency arrangements and training, giving 
particular consideration to the physical, organisational, 
behavioural, emotional and cultural aspects for workers 
having to take actions on-site, especially over long 
periods.  This should take account of the impact of 
using contractors for some aspects on-site such as 
maintenance and their possible response. 

All Sites Magnox Ltd 
Ongoing 

EDF NGL 
Ongoing 

Magnox Ltd 
Not yet 
planned 

EDF NGL 
Sep 2012 

No 

IR-25 The UK nuclear industry should review, and if 
necessary extend, analysis of accident sequences for 
long-term severe accidents.  This should identify 
appropriate repair and recovery strategies to the point 
at which a stable state is achieved, identifying any 
enhanced requirements for central stocks of equipment 
and logistical support. 

All Sites Ongoing Magnox Ltd 
Not yet 
planned 

EDF NGL 
Quarterly 
Updates 

No 

FR-4 The nuclear industry should ensure that adequate Level 
2 Probabilistic Safety Analyses (PSA) are provided for 
all nuclear facilities that could have accidents with 
significant off-site consequences and use the results to 
inform further consideration of severe accident 
management measures.  The PSAs should consider a 
full range of external events including “beyond design 
basis” events and extended mission times. 

All Sites Ongoing Magnox Ltd 
Not being 

progressed  
EDF NGL 
Quarterly 
Updates 

No 

Licensees are required to formally submit 
plans to ONR to address the HM Chief 

Inspector’s recommendations by the end of 
June 2012 

 



 

 

Topic 4 – National Organisations 

 

The primary responsibility for nuclear safety rests with the licensee.  
However, the government, the regulator, technical support organizations, 
vendors, service providers and other stakeholders also play an important 
role in achieving and maintaining a high level of safety.  Well-defined roles 
and responsibilities, and transparent and open communications, are 
essential to ensure an effective decision-making process during crisis 
situations.  

Contracting Parties are expected to report on the results of their review of 
the organizations involved in maintaining and enhancing nuclear safety, 
and on the strength of these organizations. 

 

490. Topic 4 falls outside of the requirements of the ENSREG stress test 
specification (Ref. 4).  It has therefore been addressed by obtaining additional 
information from UK Government, regulators and operators. Further, national 
organisations were considered within the HM Chief Inspector’s reports on the 
Fukushima accident (Refs 1 and 2).  This section considers operating organisations, 
regulatory organisations, government and nuclear accident response organisations. 

Operating organisations 
491. To date there have been no organisational change within the companies 
responsible for the UK nuclear power facilities as a result of the events in Fukushima, 
other than to establish teams to co-ordinate and manage the their response to the 
event. 

492. The licensees have stated that they already have robust mechanisms in place 
to deal with severe events.  However these mechanisms are being reviewed and will 
be enhanced as a result of the reviews performed in the aftermath of the events in 
Fukushima.  So far, as a result of these reviews, there has been no benefit identified 
in making organisational changes.  However, the licensees have stated that, as 
learning organisations, should the results of these reviews change as learning from 
the events in Fukushima further develops they will make any necessary 
organisational changes. 

493. HM Chief Inspector’s Final Report (Ref. 2) reviewed various aspects relating 
to human performance and recognised the usefulness of the work undertaken by the 
UK’s National Skills Academy for Nuclear.  ONR believes that it is vital to instil an 
enhanced sense of “nuclear professionalism” as part of a wider approach to 
promoting high levels of nuclear safety culture in all those who work in the nuclear 
sector.  This applies especially with the entry of new corporate players and 
increasing numbers of new recruits coming into the UK nuclear industry.  Given the 
lessons identified in this area, particularly by the Japanese Government’s report, and 
UK’s continued commitment to promoting high levels of safety culture, this has led to 
the recommendation in the HM Chief Inspector’s Final Report:   

Recommendation FR-11: The UK nuclear industry should continue to promote 
sustained high levels of safety culture amongst all its employees, making use of the 
National Skills Academy for Nuclear and other schemes that promote “nuclear 
professionalism 
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Openness and transparency 
494. It is important at times of great concern, such as when a nuclear event 
occurs, that the public has access to up to date, comprehensive and reliable 
information.  Public trust in the quality and provenance of such information is crucially 
dependent on a history of honesty, openness and transparency with regard to the 
activities of both the industry and the national regulators.  

495. Although great strides have been made to increase openness and 
transparency in the UK, these have not always been commensurate with changes in 
society’s attitude to experts, technology, etc and with expectations of access to 
information driven by advances in information technology.  

496. In light of the above, HM Chief Inspector’s Interim Report (Ref. 1) made the 
following recommendation: 

Recommendation IR-4: Both the UK nuclear industry and ONR should consider ways 
of enhancing the drive to ensure more open, transparent and trusted 
communications, and relationships, with the public and other stakeholders. 

497. In response to this recommendation, EDF NGL has made commitments to 
build openness and transparency into its everyday work so that the public can 
develop a trusting relationship with the industry and EDF NGL is looking to take a 
lead in this area.  To this end EDF NGL has stated that it: 

 is already dedicated to delivering on its sustainability commitment where it is 
stated that they “will be open and transparent in their nuclear businesses, 
demonstrating that they can be trusted to act in the highest professional 
standards in relation to nuclear security issues”; 

 continues to work to formalise and expand their approach to Openness and 
Transparency in the UK, ensuring the information communicated is reliable, 
factual, clear and responsive and that the various stakeholder engagement 
mechanisms are aligned and managed appropriately; 

 wants to be seen as a trustworthy and highly professional operating company.  
One committed to dialogue and engagement in order to build up public trust; 

 will continue to respond with humility and leadership.  They recognise that the 
public has high expectations of them and are committed to maintaining their 
trust; and 

 will develop their public engagement much further, listening and responding 
to people’s concerns. 

498. EDF NGL has responded to Recommendation IR-4 by undertaking several 
actions to demonstrate its dedication to openness and transparency.  These include: 

 Opening of visitor centres at each station 

 Giving station tours to members of the public 

 Establishing a talk service 

 Increasing internal and external reporting 

 Expanding its education programme 

 Reviewing emergency response communications 

499. EDF NGL has confirmed that completion of this work will continue as part of 
its routine business activities.  This includes oversight by a number of programme 
boards across the business.  
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500. Magnox Ltd remains committed to enhancing relationships with the public and 
other stakeholders.  To this end Magnox Ltd has stated that: 

 it maintains regular dialogue with the ONR Communications Team; 

 it has recently improved it website to include an automated newsletter to help 
keep interested stakeholders up to date with key events at its sites and is 
increasing the use of social media to enhance this activity; 

 senior staff, through the Site Stakeholder Groups, have responded to 
requests for information, briefings and in some cases extended discussions 
on the events of Fukushima and the implications for Magnox Ltd sites.  
Including the facilitating the participation of ONR in such debates; 

 it will continue to support industry wide initiatives through the Nuclear Industry 
Association and where appropriate we will work with other industry bodies to 
support their transparency initiatives.  This includes continuing to host media 
visits and, subject to security requirements, other stakeholder visits to 
Magnox Ltd sites; and 

 it has supported WANO in its move to more clearly define its role in an 
emergency, including Emergency Preparedness as a core peer review and 
greater member accountability to member obligations. 

501. Given the remaining life-span of the nuclear sites currently operated by 
Magnox Ltd it is not considered that re-opening of visitors’ centres at Magnox sites - 
even if the facilities still exist - is appropriate, but note that EDF NGL might proceed 
with this initiative at joint sites. 

Regulatory organisations 
502. Whenever a major accident occurs there are, not unreasonably, questions 
and comments directed to the regulatory body in relation to its role in overseeing the 
safety of the affected facilities.  Often questions arise over the independence of the 
regulator, its approach and standards and the effective use of its powers.  The 
structure, responsibilities and role of the Japanese regulatory body were reviewed in 
2007 by an IAEA Integrated Regulatory Review Service (IRRS) mission, with 
recommendations and suggestions for some improvements being made.  The IAEA 
fact-finding mission post-Fukushima made further observations on the Japanese 
regulatory system.  The Japanese Government also included this in its report to the 
IAEA Ministerial Conference in June 2011 (Ref. 6).  Additionally, the Japanese official 
investigation committee will include in its review the role of the regulator.  The 
Japanese Government has already indicated that significant organisational changes 
are to come, by creating a more independent and effective regulatory body. 

503. No similar concerns have been identified in relation to the UK’s nuclear 
regulator, ONR.  The UK regulator operates independently both of the industry and of 
Government, which is important given the UK Government’s policy of promoting 
nuclear power.  In addition, it is the UK Government’s intention to create a more 
integrated, focused, independent and accountable nuclear regulatory body with the 
greater institutional flexibility necessary to sustain the high level of expertise within it 
to meet the challenges of the future.  Nevertheless, as a learning organisation, ONR 
is committed to taking into account the lessons learnt from the events at Fukushima.  
Therefore the UK has provided information on the current and proposed regulatory 
structures and the learning that has been taken from Fukushima. 

UK regulatory structure 
504. HSE was established under HSWA74 with the duty to enforce the relevant 
statutory provisions where it is the enforcing authority.  HSWA74 empowers HSE to 
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appoint inspectors, to allow it to carry out its duties.  Inspectors have a range of 
powers including powers of entry, powers to investigate and, in England and Wales, 
to prosecute.  Until 1 April 2011, the responsibility for regulating the nuclear industry 
was delegated by HSE to HM Chief Inspector of Nuclear Installations and through 
him to its Nuclear Directorate (ND), which incorporated HM Nuclear Installations 
Inspectorate (NII). 

505.  Since 1 April 2011, ONR, an Agency of HSE, is responsible for enforcing 
legislation on health and safety at work, in relation to nuclear installations, for the 
operation of the nuclear site licensing regime including the day-to-day regulation of 
the nuclear industry.  ONR also encompasses the work previously carried out by the 
Office for Civil Nuclear Security, the UK Safeguards Office and the Department for 
Transport Radioactive Materials Transport Team. 

506. Licensing powers are delegated to HM Chief Inspector of Nuclear 
Installations, who is also the Executive Head of ONR, giving the power to grant, add 
conditions to, and revoke nuclear site licences. 

507. ONR’s independence as a regulator, from organisations responsible for 
nuclear power development, is ensured, as an Agency of HSE, under HSWA74, 
where HSE is given responsibility for the enforcement of the nuclear safety regulatory 
system and which is delegated to HM Chief Inspector of Nuclear Installations. 

508. There are also governmental mechanisms in place to maintain the 
independence of the regulatory bodies.  ONR is sponsored by the Department for 
Work and Pensions, which has no role in promoting nuclear technology or 
responsibilities for facilities or activities.  However, the Secretary of State for Energy 
and Climate Change is answerable to Parliament for nuclear safety in Great Britain.  
In this respect, HM Chief Inspector of Nuclear Installations can provide independent 
advice and information to this Minister on matters of nuclear safety regulation, but 
this Minister is not responsible for ONR’s nuclear regulatory actions. 

509. In February 2011 the Government announced its intention to bring forward 
legislation to create a new independent statutory body outside of the HSE to regulate 
the nuclear power industry.  Pending the legislation HSE has established ONR as a 
non-statutory body from 1 April 2011.  The new statutory body will continue to be 
called the Office for Nuclear Regulation (ONR) and will take on the relevant statutory 
functions currently carried out by HSE.  Additionally, the post and role of Chief 
Inspector of Nuclear Installations will be established in statute, so enhancing robust, 
visible regulatory independence. 

510. These reforms are the consequence of work that has been underway for 
some time; in 2009 the Government held a public consultation on restructuring the 
HSE's Nuclear Directorate.  IAEA endorsed these plans proposals in its second IRRS 
peer review mission to the UK in 2009; the then Deputy Director General of the IAEA 
praised the steps being taken to create an autonomous, more independent, well-
resourced regulator. 

511. This proposed change will not affect the current regulatory requirements or 
standards with which industry must comply, and the vast majority of the costs of the 
regulator will continue to be recovered from charges on the operators in the nuclear 
industry rather than funded by the public purse. 

512. HM Chief Inspector of Nuclear Installations will continue to have direct lines of 
access, on nuclear safety matters, to Ministers for the Department of Energy and 
Climate Change and for the Ministry of Defence, reflecting their respective 
responsibilities to Parliament on civil and military nuclear safety. 
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UK regulatory principles and guides 
513. The regulatory approach to nuclear safety in the UK is based on a nuclear 
site licensing regime.  Hence, most of the requirements for nuclear safety are 
imposed by means of Conditions attached to the nuclear site licence.  As a result, 
ONR does not specifically set out its requirements for nuclear safety in the form of 
regulations. 

514. The UK nuclear regulatory system is largely non-prescriptive.  This means 
that the industry must demonstrate to the Regulator that it fully understands the 
hazards associated with its operations and knows how to control them.  The 
Regulator challenges the safety and security of their designs and operations to 
ensure their provisions are robust and that they minimise any residual risks.  So, 
ONR expects the industry to take the prime responsibility for learning lessons, rather 
than relying on the Regulator to prescribe duties.  It is for industry to take ultimate 
responsibility for the safety of their nuclear facility designs and operations.  However 
if, in the light of information on the Fukushima accident, ONR was to become 
dissatisfied with the on-going safety of any existing nuclear facilities it would not 
hesitate to take appropriate action. 

Safety Assessment Principles 
515. The direct causes of the nuclear accident at Fukushima, a magnitude 9 
earthquake and the associated 14m high tsunami, are far beyond the most extreme 
natural events that the UK would be expected to experience.  Design provisions at 
the Fukushima site were only recently made to protect against a 5.7 m high surge in 
sea level.  The IAEA fact-finding mission remarked on the inadequacies of the design 
basis for tsunamis.  Further, in their report to IAEA, the Japanese government openly 
acknowledges that the design for tsunami was inadequate and that there were 
deficiencies in the design basis for tsunamis. 

516. The UK approach differs from the Japanese as we use a goal-setting 
approach rather than a purely deterministic, prescriptive, methodology.  The ONR 
SAPs (Ref. 8) form a framework used by its inspectors as a reference for technical 
judgments on the adequacy of licensees' safety cases.  The SAPs require that the 
licensees determine a design basis based on the probability of occurrence of an 
external initiating event with a frequency of 10-4 pa.  A conservative deterministic 
demonstration of protection is required at the 10-4 design basis level.  Further, the 
SAPs require a demonstration that there is no cliff edge effect just beyond the design 
basis. 

517. The SAPs will continue to be used by ONR to assist it in applying a consistent 
and uniform approach to its assessment process.  In carrying out an assessment, 
ONR’s nuclear inspectors judge the extent to which the safety submission shows that 
the design of the plant is in conformity with the relevant SAPs, noting that not all of 
the principles are applicable to every licensed site.  Some of the SAPs incorporate 
specific statutory limits.  Apart from these, the SAPs should be met, so far as is 
reasonably practicable, which is a requirement of the HSWA74.  There can, 
therefore, only be a rigid interpretation of those principles that reflect statutory limits.  
The SAPs were revised in 2006. 

518. It is clear that in the development of its SAPs, ONR inspectors anticipated 
potential combinations of events, such as those that occurred at Fukushima, and the 
UK consequently has a robust, structured and comprehensive methodology for 
identifying design basis events. 

519. This has led to the first of the final conclusions of the HM Chief Inspector’s 
Final Report (Ref. 2):  
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Conclusion FR-1: Consideration of the accident at Fukushima-1 against the ONR 
Safety Assessment Principles for design basis fault analysis and internal and 
external hazards has shown that the UK approach to identifying the design basis for 
nuclear facilities is sound for such initiating events. 

520. More generally, in the course of its examination of the events in Japan, the 
UK has not seen any significant defects in its approach to nuclear regulation – i.e. a 
broadly goal-setting system, underpinned by a flexible and adaptable licensing 
regime, of which the SAPs form a crucial part.  However, as stated above, ONR is a 
learning organisation and is therefore committed to taking into account the lessons 
learnt from the events at Fukushima.  Therefore, HM Chief Inspector of Nuclear 
Installations has raised a recommendation that:  

Recommendation IR-5: Once further detailed information is available and studies are 
completed, ONR should undertake a formal review of the Safety Assessment 
Principles to determine whether any additional guidance is necessary in the light of 
the Fukushima accident, particularly for “cliff-edge” effects. 

521. The review of ONR’s SAPs should also cover ONR’s TAGs, including external 
hazards. 

Periodic safety review 
522. One of the key parts of the UK nuclear safety regime is the PSR (which is 
explained in more detail in the Introduction).  ONR and its predecessors have for 
some decades required nuclear site licensees to perform PSRs at least every 10 
years.  This aligns with IAEA safety standards and guides and in the UK is a legal 
requirement.  These PSRs are thoroughly assessed by ONR and substantial plant 
modifications have been made as a result of the PSRs. 

523. By way of contrast, the report by the Japanese government states that PSRs 
were carried out by Japanese licensees on a voluntary basis and although some 
aspects of these were made mandatory in 2003, the provision of a PSA to assess the 
overall risks presented by the sites remained voluntary and the regulator ceased 
performing reviews. 

524. This has led to the third of the final conclusions of the HM Chief Inspector’s 
Final Report (Ref. 2):   

Conclusion FR-3: The mandatory requirement for UK nuclear site licensees to 
perform periodic reviews of their safety cases and submit them to ONR to permit 
continued operation provides a robust means of ensuring that operational facilities 
are adequately improved in line with advances in technology and standards, or 
otherwise shut down or decommissioned. 

Openness and transparency 
525. There was some comment internationally, especially in the early stages of the 
Fukushima accident, about the lack of information provided by the operating 
company, the Tokyo Electric Power Company (TEPCO).  This no doubt added to 
reported speculation that TEPCO had been slow to release information on events in 
the past, even to government bodies.  

526. It is important at times of great concern, such as when a nuclear event 
occurs, that the public has access to up to date, comprehensive and reliable 
information.  Public trust in the quality and provenance of such information is crucially 
dependent on a history of honesty, openness and transparency with regard to the 
activities of both the industry and the national regulators. 

527. Although great strides have been made to increase openness and 
transparency in the UK, these have not always been commensurate with changes in 
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society’s attitude to experts, technology, etc and with expectations of access to 
information driven by advances in information technology. 

528. As part of ONR’s development as a forward looking regulator, in recent years 
the it has pushed forward the openness and transparency agenda.  With the recent 
moves to become ONR, and the greater freedoms that should bring, it is intended to 
accelerate this programme and seek to match society’s expectation.  This will involve 
a significant organisational commitment and further resources, not only to provide 
more and timely information, but also to produce it in a form that recipients find 
useful.  Additionally, it is ONR’s intention to consider creating a new regulatory 
advisory committee to which it will periodically report ONR’s regulatory work and from 
which HM Chief Inspector of Nuclear Installations will seek its views.  This will be 
done in an open and transparent way.  The UK nuclear power industry has 
expressed its support of the openness and transparency agenda. 

529. Some stakeholders have reservations about greater openness and access to 
information, based on concerns about the potential for misuse by the media or others 
and possible detrimental effect on our regulatory effectiveness.  ONR acknowledges 
that there must be some limitations, especially with regard to matters of security, but 
it believes such reservations must not stand in the way of the drive for greater 
openness and transparency. 

530. Similarly, it is recommended that the UK nuclear industry consider how it can 
accelerate its move to a more transparent and open relationship with the public. 

531. This has led to the recommendation in the HM Chief Inspector’s Final Report 
(Ref. 2):   

Recommendation IR-4: Both the UK nuclear industry and ONR should consider ways 
of enhancing the drive to ensure more open, transparent and trusted 
communications, and relationships, with the public and other stakeholders. 

Research 
532. To ensure nuclear safety and security in the UK, it needs sufficient numbers 
of highly trained professionals.  To this end, the UK Government is working with 
Cogent, the National Skills Academy for Nuclear, and the industry to ensure that the 
UK has a clear, jointly shared understanding of the key skills priorities for the nuclear 
sector, and how skills demand can be met.  This includes the ability to carry out 
necessary safety and security related nuclear research. 

533. ONR does not undertake its own research; rather it places contracts with 
specialist providers and supports research undertaken by other organisations, both in 
the UK and overseas, e.g. IAEA, and the Nuclear Energy Agency (NEA) of the 

Organisation for Economic Co-operation and Development (OECD). 

534. The main vehicle used by ONR to take forward research is the Nuclear 
Research Index (NRI) which represents a co-ordinated view from the regulator and 
the industry of what emerging research is needed to support existing nuclear 
facilities.  The reactor operators use this to inform their nuclear research strategies.  
Research areas that are not addressed via the licensees’ nuclear research strategies 
are addressed through research commissioned by ONR, with the costs recovered by 
a levy on the licensees.  Although the NRI has provided a useful vehicle for taking 

forward safety-related research, the programme has been limited to existing nuclear 

facilities and apart from human factors, largely to technical research projects. 

535. HM Chief Inspector’s Final Report (Ref. 2) highlights a number of areas 
where new research is needed, including research around societal matters.  ONR 
therefore needs to ensure that the mechanisms it has in place to identify and 
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implement research needs, in particular the NRI, are sufficiently flexible to 
accommodate both research identified so far, and research areas that have yet to 
come to light.  As with other nuclear safety matters, the primary responsibility for 
undertaking necessary nuclear safety research lies with the nuclear industry.  These 
considerations have highlighted the need for strategic overview of safety and security 
research and expertise in the UK and this has led to the recommendation in the HM 
Chief Inspector’s Final Report (Ref. 2):   

Recommendation FR-10: ONR should expand its oversight of nuclear safety-related 
research to provide a strategic oversight of its availability in the UK as well as the 
availability of national expertise, in particular that needed to take forward lessons 
from Fukushima.  Part of this will be to ensure that ONR has access to sufficient 
relevant expertise to fulfil its duties in relation to a major incident anywhere in the 
world. 

536. In September 2011, a House of Lords Select Committee Inquiry on nuclear 
research and development capabilities in the UK identified the need for improved 
strategic direction of nuclear research and development in the UK.  The 
Government’s response to the Select Committee’s report accepted this 
recommendation and proposed a comprehensive review of the nuclear research and 
development landscape in the UK which could inform both the development of a new 
nuclear energy strategy and an underpinning nuclear research and development 
roadmap.  These activities are being progressed through the Nuclear Research and 
Development Advisory Board, which met for the first time on 27 March 2012 under 
the chairmanship of The Chief Scientific Adviser to HM Government and Head of the 
Government Office for Science, Sir John Beddington. 

Government organisations 
537. Prior to the accident at Fukushima the UK Government had already begun a 
process of establishing the Office for Nuclear Regulation as statutory corporation.  
The aim of which is to enable ONR to respond more quickly and effectively to civil 
nuclear issues by, for instance, ensuring it has the capability and resource expertise 
necessary to meet the challenges of a rapidly developing nuclear industry.  However, 
the creation of ONR as a statutory body will not alter the regulatory standards that 
the nuclear industry is currently subject to. 

538. Immediately following the accident at Fukushima the UK Government, 
through the Secretary of State for Energy and Climate Change, asked HM Chief 
Inspector of Nuclear Installations to undertake a review of the impact of the events at 
Fukushima on the UK industry.  This review included consideration of the roles and 
responsibilities of regulators, the Government and operators in ensuring safety and in 
responding to nuclear accidents both domestically and overseas. 

539. In July 2011 the UK transposed the Council Directive 2009/71/EURATOM 
establishing a Community framework for the nuclear safety of nuclear installations.  
While transposition did not require any changes to UK legislation it does further 
commit the UK to periodic peer reviews, the establishment of national plans and 
programmes to manage and improve safety and the reporting of progress against 
those programmes – these plans include the roles of all stakeholders. 

540. The HM Chief Inspector Final Report (Ref. 2) also places a recommendation 
on the UK Government to ensure the openness and transparency of the UK 
regulatory system: 

Recommendation FR-8: The Government should consider ensuring that the 
legislation for the new statutory body requires ONR to be open and transparent about 
its decision-making, so that it may clearly demonstrate to stakeholders its effective 
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independence from bodies or organisations concerned with the promotion or 
utilisation of nuclear energy. 

541. The work that is currently taking place on the creation of a statutory ONR has 
at its heart the transparency of the regulator and its relationship with Government 
(including bodies concerned with the promotion or utilisation of nuclear energy). 

542. The intention is that the authority for final regulatory decisions, granting of 
nuclear site licences and attaching conditions to them will rest with the statutory post 
of Chief Inspector of Nuclear Installations.  This should ensure that regulatory 
decisions are made on the basis of the highest technical judgement and, combined 
with greater public transparency, will ensure that the statutory ONR's decision 
making is demonstrably independent of any body concerned with the promotion or 
utilisation of nuclear energy. 

543. The creation of the ONR as a statutory body will be undertaken as part of the 
Energy Bill which will be introduced during the second session of Parliament. 

Nuclear emergency planning preparedness and response  
544. The UK has enacted the Radiation (Emergency Preparedness and Public 
Information) Regulations 2001 (REPPIR) which implements in the UK the Articles of 
Council Directive 96/29/Euratom on intervention in cases of radiation (radiological) 
emergency.  The Directive lays down the basic safety standards for the protection of 
the health of workers and the general public against the dangers arising from ionising 
radiation (the BSS96 Directive).  In addition, REPPIR Regulation 17 (Duty of local 
authority to supply information to the public in the event of a radiation emergency) is 
made under the European Communities Act 1972 and is applicable to all local 
authorities. 

545. REPPIR also enabled the UK Government to meet a recommendation made 
by the Inspectors at the public inquiries at Sizewell B and Hinkley Point C, in that 
REPPIR brings on-site and off-site emergency planning together in a coordinated 
manner.  Thus ensuring that the UK has a fully joined up multi-agency response plan 
with appropriate capability.  For more information on this subject see Topic 5. 

546. Nuclear emergency arrangements fit into a wider government strategic 
framework to ensure protection of UK citizens from a wide range of threats.  The 
organisation which the UK would establish in responding to a nuclear emergency at a 
licensed nuclear site is described in detail within the UK’s Fifth National Report on 
Compliance with the Convention on Nuclear Safety Obligations (Ref. 14). 

547. DECC co-ordinates emergency preparedness policy at national level, as the 
lead government department on arrangements for response to any emergency with 
off-site consequences from a licensed civil nuclear site in England and Wales.  In the 
event of an emergency resulting from an accident at a civil nuclear site in Scotland, 
the lead Government department responsible for the main national coordinating role 
would fall to the Scottish Government.  DECC would still be responsible for briefing 
the Westminster Parliament and the UK's international partners. 

548. DECC chairs the Nuclear Emergency Planning Liaison Group (NEPLG), 
which brings together organisations with interests in off-site civil nuclear emergency 
planning.  Members include representatives of the nuclear operators, the regulatory 
body, police, fire service, local authority emergency planning officers and 
Government Departments and agencies that would be involved in the response to an 
emergency. 

549. NEPLG is a forum for discussing common problems, exchanging information 
and experience and agreeing improvements in planning, procedures and 
organisation.  It has issued Consolidated Guidance (Ref. 11) to all organisations that 
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may be involved in planning for a civil nuclear emergency.  The guidance describes 
the underlying arrangements that have been developed for responding to an 
emergency in the UK over a number of years, and which have been adapted by 
NEPLG and its constituent organisations. 

550. The IAEA IRRS mission to the UK in October 2009 considered the creation of 
NEPLG to be ‘good practice’ in supporting the multi agency response in the UK. 

551. In order to better integrate this work with that carried out by NEPLG, DECC 
with full Ministerial support, is putting in place new governance arrangements for the 
Nuclear Emergency Planning and Response National Strategic Framework as 
illustrated in Figure 2 below. 

 
 
Figure 2: Diagrammatic Representation of the National Strategic Framework Governance 
 
552. The National Strategic Framework builds upon the foundation of industry 
standard laws and regulations (e.g. REPPIR, NIA65 and the Civil Contingencies Act) 
and work achieved to date by the Nuclear Emergency Arrangements Forum (NEAF), 
the NEPLG and its sub groups as well as ONR and government departments and 
agencies.   

The National Strategic Framework establishes: 

 A single umbrella which encompasses all aspects of the UK’s nuclear 
emergency planning and response: on-site, off-site (local and national), 
international and transportation, civil and military, covering the response to 
both safety and security emergencies. 

 A clear strategic direction for the effort across all partners to strengthen the 
UK’s approach, underpinned by a mechanism for mapping all the capabilities 
required in that approach, identifying key gaps and designing remedial action 
to reduce those gaps. 
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 A robust governance mechanism which strengthens the involvement of 
central government and improves its co-ordination with all partners in local 
and devolved government, the regulator, agencies and industry. 

 An improved mechanism for harnessing experience and expertise across all 
partners, with implementers closely involved in designing the targets and 
methods of delivery. 

553. Strategic outcomes established for the National Strategic Framework will 
ensure that the planning for and response to a nuclear emergency at home or 
overseas is: 

 effective across all levels of the IAEA’s International Nuclear and Radiological 
Event Scale (INES); 

 proportional to the risks being managed; 

 as comprehensive as resources allow; 

 regularly tested; and 

 closely co-ordinated across all partners involved. 

554. This will build on the good points already noted by IAEA in the multi-agency 
response framework provided by NEPLG and reflected in the Consolidated Guidance 
provided. 

 



 

4. Summary of actions 

Activities by the Operator* / Lead 
Government Department 

Activities by the Regulator* 

Ref. Activity Site 

(Item 2.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

(Item 2.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 2.c) 
Results 

Available 
 

- Yes? 
- No? 

(Item 3.a) 
Activity 
- Taken? 

- Ongoing?
- Planned?

(Item 3.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 3.c) 
Conclusion 
Available 

 
- Yes? 
- No? 

IR-5 Once further detailed information is available and studies 
are completed, ONR should undertake a formal review of 
the Safety Assessment Principles to determine whether 
any additional guidance is necessary in the light of the 
Fukushima accident, particularly for “cliff-edge” effects. 

ONR N/A N/A N/A Initial Review
Taken 

Final Review
Ongoing 

Initial Review
April 2012 

Final Review
Q4 2012 

Published 
Q1 2013 

Initial Review 
Yes 

Final Review 
No 

FR-8 The Government should consider ensuring that the 
legislation for the new statutory body requires ONR to be 
open and transparent about its decision-making, so that it 
may clearly demonstrate to stakeholders its effective 
independence from bodies or organisations concerned 
with the promotion or utilisation of nuclear energy. 

Government Work ongoing 
on draft 

clauses for 
Energy Bill 

May 2012 No Planned Awaiting 
Primary 

Legislation 

Awaiting 
Primary 

Legislation 

IR-4 Both the UK nuclear industry and ONR should consider 
ways of enhancing the drive to ensure more open, 
transparent and trusted communications, and 
relationships, with the public and other stakeholders. 

Nuclear Industry Taken Dec 2011 Yes ONR 
Communica-
tions strategy 
now agreed 

Publication 
due May 

2012 
 

Yes 

FR-10 ONR should expand its oversight of nuclear safety-related 
research to provide a strategic oversight of its availability 
in the UK as well as the availability of national expertise, 
in particular that needed to take forward lessons from 
Fukushima.  Part of this will be to ensure that ONR has 
access to sufficient relevant expertise to fulfil its duties in 
relation to a major incident anywhere in the world. 

ONR Interactions 
with ONR 
ongoing 

Quarterly 
Updates 

No Development 
of ONR 

Research 
Strategy - 
Planned 

Publication 
due August 

2012 

No 
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Activities by the Operator* / Lead 
Government Department 

Activities by the Regulator* 

(Item 2.a) (Item 2.b) (Item 2.c) (Item 3.a) (Item 3.b) (Item 3.c) 

Ref. Activity Site Activity 
- Taken? 

- Ongoing? 
- Planned? 

Schedule 
Or 

Milestones 
for Planned 
Activities 

Results 
Available 

 
- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

   Cross ONR 
technical 

support and 
research 
Working 
Group - 
Taken 

In place Yes 

   Reviewing 
research and 

technical 
support 

arrangements
- Ongoing 

New 
Technical 
Support 

Framework 
for 2013 

No 
 

FR-11 The UK nuclear industry should continue to promote 
sustained high levels of safety culture amongst all its 
employees, making use of the National Skills Academy 
for Nuclear and other schemes that promote “nuclear 
professionalism”. 

Nuclear Industry Ongoing Quarterly 
Updates 

No 
Licensees are required to formally submit 

plans to ONR to address the HM Chief 
Inspector’s recommendations by the end of 

June 2012 
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Topic 5 – Emergency Preparedness and Response and 
Post Accident Management (off-site) 

 

Off-site emergency preparedness and response are essential to prevent or 
reduce the health effects of a release of radioactive materials. Particularly, 
in case of accident scenarios beyond design base, large uncertainties and a 
high number of affected individuals need to be adequately addressed. A 
number of factors, including the severe damage of infrastructure at the site 
and its surroundings, the effect on multiple units simultaneously, 
interruptions to internal and external communication, challenges to the 
command and control framework, and non-quantified radiation releases, are 
particularly challenging during the emergency phase. 

The accident has further shown the importance of preparing for post-
accidental management in advance, including radiological evaluation, 
defined criteria and efficient mechanisms for decision-making, control and 
management of contaminated goods, resettlement, communication and 
information, remediation activities, indemnifications, etc.    

Contracting Parties are expected to summarize the results of their review of 
this topic.  

 

555. Topic 5 falls outside of the requirements of the ENSREG stress test 
specifications.  Nevertheless, the Secretary of State for Energy and Climate Change 
requested HM Chief Inspector of Nuclear Installations to examine the circumstances 
of the Fukushima accident to see what lessons could be learnt to enhance the safety 
of the UK nuclear industry.  HM Chief Inspector’s Interim Report (Ref. 1), and the 
subsequent HM Chief Inspector’s Final Report (Ref. 2), made a number of 
recommendations to be taken forward pertaining to the UK’s emergency 
arrangements.  

556. In addressing this topic, the UK has sought to describe and conclude upon 
the appropriateness of its current emergency preparedness and response 
arrangements.   

557. Where appropriate, the basis for making recommendations contained in the 
HM Chief Inspector’s reports, as well as documenting the recommendations 
themselves, has been aligned with those aspects which are to be the subject of 
discussion at the Second Extraordinary Meeting of the Convention on Nuclear 
Safety.  

558. Within the UK any off-site emergency will be met by a multi-agency response 
consisting of the relevant UK Government department, local authorities, emergency 
services, nuclear operator/licensees and the regulatory authorities.  Therefore, this 
section has been split into analyses performed by the UK Government, who would 
lead the response of local bodies and emergency services; and nuclear operating 
organisations.  The response of ONR is considered throughout this topic. 
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1a. Overview of emergency preparedness analysis 
performed by UK Government 

National emergency arrangements 
559. The circumstances of the events which occurred at Fukushima following the 
Great East Japan Earthquake and subsequent tsunami were particularly demanding 
in that the threat of significant radiological release continued for weeks before some 
degree of reliable control was established, and it was in the context of massive 
infrastructure disruption.  Such circumstances have the potential to stretch resources 
at all levels, both in the country affected and in other countries seeking to provide 
advice to their citizens at home and abroad.  In light of the extended Japanese 
emergency, HM Chief Inspector’s Interim Report (Ref. 1) made the following general 
recommendations: 

Recommendation IR-2: The Government should consider carrying out a review of the 
Japanese response to the emergency to identify any lessons for UK public 
contingency planning for widespread emergencies, taking account of any social, 
cultural and organisational differences. 

Recommendation IR-3: The Nuclear Emergency Planning Liaison Group should 
instigate a review of the UK’s national nuclear emergency arrangements in light of 
the experience of dealing with the prolonged Japanese event.  

This information should include the practicability and effectiveness of the 
arrangements for extending countermeasures beyond the Detailed Emergency 
Planning Zone (DEPZ) in the event of more serious accidents. 

560. In response to Recommendation IR-2, the UK Government is carrying out a 
review of the Japanese response to the widespread civil emergency that occurred 
following the Great East Japan Earthquake and subsequent tsunami.  It will then 
compare the findings with the UK’s own civil contingency planning to identify whether 
there are lessons that can be learnt from the Japanese experience to improve the 
UK’s own planned response to emergencies.  This review will consider: 

 What happened in Japan, i.e. the earthquake as well as the subsequent 
tsunami and their impact. 

 The Japanese response to the range of diverse impacts that occurred across 
a large geographical area. 

 Current UK risk identification, contingency planning and capability building 
processes. 

 Key issues arising from the Japanese experience which have read across 
with UK contingency planning – to enable the UK to identify lessons that may 
be learnt to make our planning even more robust. 

561. As part of these broad categories, the UK Government will also consider 
other cross-cutting issues which are crucial to ensuring the most efficient response 
possible.  

562. The UK Government has already consulted with, and gained valuable 
evidence from, the Japanese Government and the Foreign and Commonwealth 
Office, as well as a range of publically available reports that have already been 
written about the emergency.  In order to complete it’s review in a timely way, the UK 
Government will use the evidence currently available to inform current thinking, 
however, as the Japanese response to this crisis is still ongoing and further evidence 
continues to emerge, it is unlikely that final conclusions can be drawn before the 
Japanese have been able to complete and evaluate their response in full. 
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563. Experience in Japan indicates that further guidance is needed to plan for a 
multi-hazard event and multi-plant sites.  This should include guidance on the 
resilience of response infrastructure including communications, information sharing, 
the location of the Strategic Co-ordination Centre and other resources.  

564. In response to Recommendation IR-3, NEPLG has conducted an initial review 
of emergency arrangements with particular regard to dealing with a prolonged event 
similar to the devastating one at Fukushima.  The initial review conducted by NEPLG 
focused on four key areas: 

 radiation monitoring capacity, capability and co-ordination, including: radiation 
monitoring units co-ordination, food and the environment; 

 central government response; 

 extendibility; and 

 capacity and capability of emergency services, including: emergency 
exposures. 

565. NEPLG found the current arrangements implemented by the UK to be fit for 
purpose.  In light of the events in Japan, however, a number of opportunities for 
strengthening arrangements were identified and are reported below.  A programme 
of work has been instigated to address the issues for which further improvement is 
apparent. 

Emergency response 

566. NEPLG considered central government response arrangements for a nuclear 
emergency in the UK based on current planning assumptions.  It believes the current 
arrangements are fit for purpose, although a number of opportunities for 
strengthening arrangements were identified: 

 Produce a common framework for planning the response to a prolonged 
event. 

 Recommend to participating local and national agencies that they optimize 
their response to enhance sustainability during a prolonged event. 

 Consider the provision of the bespoke scientific advice to government 
required in the event of a nuclear emergency by: 

o Reviewing the interfaces and roles of groups such as Scientific and 
Technical Advice Cell (STAC), Scottish Government Resilience Room, 
Science Advisory Group for Emergencies (SAGE); and 

o Confirming the key scientific/advisory/decision making roles which include 
Government Chief Scientific Adviser, Government Technical Adviser, 
Director of Public Health, and HM Chief Inspector of Nuclear Installations. 

567. NEPLG has assessed central government response arrangements and in 
particular the provision of scientific and technical advice in the event of a nuclear 
emergency in the UK or overseas to ensure that COBR has a single source of 
advice.   

568. Arising from the events at Fukushima, NEPLG recommended that the 
Overseas Nuclear Emergency response plan be tested fully through the NEA 
international exercise programme. 

569. Prior to the events at Fukushima NEPLG had already been making progress 
in a number of areas of nuclear emergency preparedness and response for the 
emergency services.  Notwithstanding this fact, there are lessons to be learned from 
Fukushima. 
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570. In terms of capacity and capability the emergency services’ preparedness and 
response is generally planned for a reasonably foreseeable radiation emergency.  
Within the UK two extendibility exercises (at Heysham and Bradwell) have tested the 
emergency service capability in the event of an extended radiation emergency within 
the nuclear sector.  However, it is foreseen that there is a potential for a significant 
demand on current specialist responders in the event of an extended radiation 
emergency.  It is important to note that such a demand would also be present if the 
event were outside of the nuclear sector.  With such a demand the potential 
reduction in specialist capabilities to respond to the continuing event, future events or 
concurrent events exists. 

Radiological protection 
571. Each UK nuclear licensed site with the potential for accidents with off-site 
radiation consequences is required to establish a DEPZ, for which the Local Authority 
must make detailed plans to protect people in a radiation emergency.  The radii of 
these zones have been set by considering releases of radioactive materials from 
accidents which can be reasonably foreseen, taking account of the most significant 
design basis accidents derived from the site safety cases.  These zones may also be 
influenced by local factors, e.g. the presence of a neighbouring nuclear site, and 
have been subject to the agreement of the regulator.  Detailed actions have not been 
identified for beyond design basis accidents, either within or beyond the DEPZ, 
because it has been considered impracticable to make detailed plans against very 
uncertain wide ranging and improbable events. 

572. Current guidance on extendibility, where it is necessary to extend 
countermeasures beyond the DEPZ, has also been reviewed.  NEPLG is content that 
this guidance provides for and delivers scalable emergency plans beyond the DEPZ 
in the unlikely event that this was necessary. 

573. As part of the detailed review of the Consolidated Guidance (primarily 
Chapters 9 and 4) (Ref. 15) NEPLG has made a number of key recommendations for 
further work: 

 Extendibility Scenarios: The concept and default extendibility scenario as 
developed from 1990 is broadly right for operational NPPs (countermeasures 
out to 15km).  There is an opportunity for ONR to update the scenario for 
extendibility planning to reflect the UK’s current mix of nuclear installations.  
Recent experience in Japan (where countermeasures extended to 30 km) has 
raised public concerns in the UK that our guidance underestimates the risk. 

 Extendibility Plans: NEPLG will conduct a gap analysis against the current 
requirements for extendibility planning.  ONR will then work with local 
authorities to review their existing plans against the conclusions reached.  
This should include a review of current public communication systems to 
ensure these are diverse, appropriate and up to date.  In addition, NEPLG 
has identified a need to ensure consistent guidance on planning for the DEPZ 
and extendibility. 

 Testing: NEPLG recommends that ONR and DECC take a strategic view on 
the testing regime to encourage testing of the full range of capability 
arrangements, in particular to increase the frequency of extendibility testing. 
In order to progress this, ONR may require the legal vires to cover non-
licensed sites and local authority bodies. 

574. The practicability of implementing off-site countermeasures is inextricably 
linked to the density and distribution of people around the nuclear site. A site that 
was acceptable for emergency planning purposes when it was first established may 
not continue to be acceptable unless planning controls limit population growth in the 
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site’s locality, or action can be taken to ensure the off-site emergency 
countermeasures can cope with the changed demographic. In making decisions on 
planning consent for developments near to nuclear sites, it is therefore vital that 
ONR's expert advice on these matters continues to be given full consideration by the 
relevant planning authorities. In light of the events at Fukushima, it is timely for the 
relevant Government department(s) in the UK to examine the existing system of 
planning controls for developments in the vicinity of nuclear sites and consider the 
need for improvements. This has led to recommendation FR-5 from HM Chief 
Inspectors Final Fukushima Report (Ref. 2): 

Recommendation FR-5: The relevant Government departments in England, Wales 
and Scotland should examine the adequacy of the existing system of planning 
controls for commercial and residential developments off the nuclear licensed site. 

575. This review has confirmed the validity of existing extendibility planning 
principals to protect the public against the unlikely event of a severe nuclear 
emergency.  Nevertheless there is a need to learn from the experiences of all actual 
incidents to ensure that the supporting details required to provide outline planning for 
extendibility are still appropriate. 

Evaluation to support decision making 

576. Two activities are needed in order to take decisions on the countermeasures 
needed to protect the public off-site in the event of an accident.  Firstly, there must be 
prognosis: information on the course of the on-site accident is needed to develop an 
understanding of potential future threats to the surrounding population.  This may 
enable decisions on off-site countermeasures to be taken before members of the 
public are adversely affected and may enable people to move out of harm’s way 
before any significant release of radioactivity occurs.  Secondly, there must be 
diagnosis: information on the characteristics of radioactivity released from the facility 
needs to be combined with weather and possibly marine or watercourse flows, in 
order to assess its transport through the environment and potential health and 
environmental effects.  

577. Prognosis on the course of the accident at Fukushima was very difficult 
because, as already noted, the loss of electrical power to reactor instrumentation and 
the devastation on the site severely limited the flow of data on conditions in the six 
reactor units.  The lack of comprehensive data at Fukushima made early effective 
prognosis virtually impossible.  

578. In the absence of effective prognosis, diagnosis becomes even more 
important.  Although the Japanese SPEEDI (System for Prediction of Environment 
Emergency Dose Information) was available to predict radiation dose contours in the 
surrounding countryside, there was no reliable input data on the radioactive source 
terms.  This was due to the state of some radiological monitoring instrumentation on 
and off the site after the earthquake and tsunami.  Such information is crucial to allow 
quantitative predictions of radioactive material and potential doses to members of the 
public. 

579. Prediction of off-site consequences needs real-time data on radioactive 
releases and weather information.  Major UK nuclear sites are equipped with 
emergency perimeter gamma monitoring systems for detecting any radioactivity 
passing over the site perimeters, and with weather stations providing local 
meteorological information, e.g. wind speed and direction.  Radiation monitoring 
vehicles provide off-site information on air concentrations and ground deposition of 
radioactive materials in the area around the site.  However, experience from UK 
emergency exercises, when coupled with our greater understanding of the 
Fukushima accident, and from other experience such as the dispersal of material 
from Eyjafjallajokull volcano in Iceland, suggests that countermeasures advice would 
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benefit from further development of source term measurement techniques and 
dispersion and consequence modelling.  

580. HM Chief Inspector’s Final Report (Ref. 2) made the following 
recommendations: 

Recommendation FR-6: The nuclear industry with others should review available 
techniques for estimating radioactive source terms and undertake research to test 
the practicability of providing real-time information on the basic characteristics of 
radioactive releases to the environment to the responsible off-site authorities, taking 
account of the range of conditions that may exist on and off the site. 

Recommendation FR-7: The Government should review the adequacy of 
arrangements for environmental dose measurements and for predicting dispersion 
and public doses and environmental impacts, and to ensure that adequate up to date 
information is available to support decisions on emergency countermeasures.  

581. In response to Recommendation FR-6, ONR, the Meteorological Office (MO), 
the Health Protection Agency (HPA) and the Radiation Incident Monitoring Network 
(RIMNET) team at the DECC are working together to further develop the capability to 
be able to respond quickly to any incident at a nuclear site anywhere in the world. 

582. The work builds upon the existing arrangements in place for incidents in the 
UK whilst developing an appropriate basis and supporting procedures for overseas 
responses.  ONR and UK operators will advise on the plant status and potential 
source terms, MO will consider the dispersion of materials in the atmosphere and 
HPA will advise on critical groups, the most appropriate pathways and other dose 
factors. 

583. Together they will provide an auditable means of assessing the potential 
impact of an incident on the UK or its citizens, with the results being displayed using 
DECC's RIMNET system. 

584. In response to Recommendation FR-7, the MO is collaborating with ONR and 
HPA to develop a tool for better estimating the spatial distribution of radiation doses 
in real time following a radiation release in the UK or elsewhere. 

Radiation monitoring of the environment 

585. On radiation monitoring, NEPLG considered the practical capabilities in the 
UK, the Consolidated Guidance and the likely future requirements.  The many 
strengths of the existing arrangements were acknowledged, a number of 
weaknesses were identified together with some opportunities for further 
consideration and threats to the response.  It was noted by NEPLG that the existing 
arrangements are sufficiently robust to deliver the required response to an incident 
regardless of its location.   

586. HM Chief Inspector’s Interim Report (Ref. 1) has sought assurances 
regarding the UK’s capability and capacity in this area.  The conclusion of NEPLG is 
that the capability exists but could be improved in terms of capacity through 
additional support and recognition of the role of hazard assessment in the response. 

587. NEPLG has conducted a re-evaluation of radiation monitoring capacity and 
capability and coordination including the coordination of radiation monitoring units, 
and monitoring of food and the environment, both during the acute and longer term 
recovery phases.  Arising from this work, it is recommended that central UK 
Government clarify the requirements for delivering data and information in the event 
of a prolonged incident in the UK and that these arrangements be tested annually. 
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Doses to intervention personnel 

588. The Ionising Radiations Regulations 1999 (IRR99) (Ref. 12) provide for the 
protection of all workers and members of the public, whether on licensed sites or 
elsewhere, from ionising radiations.  IRR99 implements aspects of the European 
Council Directive establishing Basic Safety Standards and include the setting of 
radiation dose limits for employees and members of the public for all activities 
involving ionising radiation.   

589. NEPLG had identified that there is a need for a more consistent radiation 
protection and intervention framework for all emergency services throughout the UK.  
As an example a common framework to manage emergency exposures for 
intervention personnel would be beneficial, ensuring that the fire, ambulance and 
police services have a clear understanding of radiation exposure levels and the 
circumstances in which they can carry out their work.   

National communications 
590. REPPIR (Ref. 13) provide a legal basis for the supply of information to 
members of the public who may be affected by a nuclear emergency.  The 
requirements are placed on the operator and the relevant local authorities.  In 
addition, the various information services of the local agencies involved and of 
central government, together with the news media, are available to help inform the 
public of the facts and of the assessments being made of the course of the accident, 
should one occur. 

591. REPPIR requires local authorities to prepare and keep up-to-date 
arrangements that ensure that members of the public actually affected by a nuclear 
emergency receive prompt and appropriate information.  The operator would also be 
expected to make a formal announcement as soon as possible after the emergency 
had been declared.  While the agencies involved in responding to the emergency 
would seek to deal with any queries they received, the main channel of 
communication with the public outside the immediate vicinity of the affected site 
would be the media.  As a result, it is recommended that emergency services require 
a good understanding of the relative risks of working with radiation and they need to 
have agreed emergency exposure limits and a protocol to ensure that any 
emergency exposures are controlled and ALARP.  

592. NEPLG plan to develop a ‘Working Together Agreement’ or Memorandum of 
Understanding between nuclear site licence operators and emergency service 
responders. 

1b. Overview of emergency preparedness analysis 
performed by UK operators 

593. NEAF provides operators of nuclear licensed sites and the regulator with a 
best practice discussion forum relating, primarily, to the operators’ on-site emergency 
response planning, but also including the operators’ role in connection with the off-
site response. NEAF is chaired by ONR. 

594. A condition attached to nuclear site licences, LC11 (Emergency 
Arrangements), requires that all licensees have adequate arrangements in place to 
respond effectively to any incident ranging from a minor on-site event to a significant 
release of radioactive material with off-site consequences.  LC11 requires employees 
to be properly trained and that the arrangements are exercised.  There is also a 
requirement for licensees to consult with any person not in their employ who may be 
required to participate in emergency arrangements.  The licensees must submit to 
ONR for approval such parts of the arrangements as ONR may specify.  Once 
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approved by ONR, no alteration or amendment can be made to the approved 
arrangements without ONR’s formal approval.  

595. LC11 requires rehearsal of the arrangements to ensure their effectiveness.  
This is achieved by the licensee holding training exercises and ONR agreeing to a 
programme of demonstration emergency exercises that staff from ONR formally 
observe.  ONR can specify that exercises cover all or part of the arrangements.  This 
power would be used if ONR was not satisfied with an aspect of the licensee's 
performance and the licensee did not agree or volunteer to repeat the exercise. 

596. An overview of the current approach and activities taken by the operators of 
licensed nuclear sites for off-site emergency arrangements post-Fukushima is 
presented below. 

Emergency response 

Human aspects 
597. With regard to human factors / human performance, there is the potential to 
learn many lessons from the Fukushima accident both from actions that assisted in 
developing an effective response and those that may have contributed to the 
development of the accident. 

598. HM Chief Inspector’s Interim Fukushima Report considered that reviews of 
severe accident management plans and training at UK nuclear facilities should be 
commenced to ensure that they are fully up to date. These reviews should include 
some consideration of the emotional aspects of dealing with severe accidents, 
especially in the circumstances where plant workers’ homes and families may be 
affected by the direct cause such as extreme weather or flooding. 

Recommendation IR-24: The UK nuclear industry should review existing severe 
accident contingency arrangements and training, giving particular consideration to 
the physical, organisational, behavioural, emotional and cultural aspects for workers 
having to take actions on-site, especially over long periods. This should take account 
of the impact of using contractors for some aspects on-site such as maintenance and 
their possible response. 

599. UK NPP operators are currently working together to form a view on how to 
address this recommendation.  A summary of the work-stream to have originated as 
a result of this recommendation is provided under section 2b of this topic.  

Multi-unit events 

600. A contributory factor in the progression and handling of the Fukushima 
accident was the proximity of the reactor units to each other. The complications 
included: 

 An explosion in one reactor unit impinging on the safety of a neighbouring 
reactor unit (it is postulated that a common ventilation route led to hydrogen 
from Reactor Unit 3 causing an explosion in Reactor Unit 4). 

 An event at one reactor unit causing high radiation levels such that actions by 
personnel to secure the safety of another reactor unit were not possible or 
were made significantly more difficult (several times during the Fukushima 
accident workers were withdrawn). 

 The ability of a limited work force to deal with concurrent events on the same 
site. 

601. Such considerations have raised questions about the continued advisability of 
constructing new multi-reactor sites in the UK.  HM Chief Inspector’s Interim Report 
(Ref. 1) concluded ‘there is no reason to depart from a multi-plant site concept given 
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the design measures in new reactors being considered for deployment in the UK and 
adequate demonstration in design and operational safety cases.’ 

602. The safety case for any multi-reactor site should demonstrate that the risks of 
an accident in one reactor unit having adverse consequences for a neighbouring unit 
are acceptably remote, in line with the principle of ALARP.  Additionally, before a 
plant is allowed to operate, the pre-operational safety case will have to demonstrate 
that there is adequate capability (both human and equipment) to deal with postulated 
multi-event scenarios.  Consequently, HM Chief Inspector’s Interim Report (Ref. 1) 
made the following recommendation: 

Recommendation IR-11: The UK nuclear industry should ensure that safety cases for 
new sites for multiple reactors adequately demonstrate the capability for dealing with 
multiple serious concurrent events induced by extreme off-site hazards. 

603. Multi-site reactor issues are included within EDF NGL’s current emergency 
plan. EDF NGL consider it appropriate to ensure a thorough review of EDF NGL’s 
existing emergency arrangements and will be including activities, processes and 
equipment that relate to multi reactor locations as part of this assessment. 

604. Heysham 1 and Heysham 2 sites are classed as stand-alone sites due to the 
independence of their plant systems.  However, under EDF NGL’s current 
emergency planning arrangements, they are classified as one single site and the 
emergency arrangements therefore reflect the actions necessary on the combined 
facility.  

605. Following discussion between EDF NGL and ONR, the scope of this 
recommendation has been broadened to consider the issues arising at all sites 
shared with other licensees. 

606. A thorough review of stations has taken place, to provide ONR with the latest 
safety information of its plants and to meet the ENSREG stress test requirements.  
Within the scope of these stress tests no shortfalls in the operational safety cases 
were identified.  Options for improving on-site resilience are currently being 
considered.  Should a beyond design basis event occur, the objective of this work is 
to enhance the capability of each station to protect and prevent against its effects.  
This will include reviewing how to protect safety-critical components of the plant 
which is important when initiating emergency recovery procedures. 

607. The EDF NGL emergency organisation adopted within the CESC has proven 
itself to be flexible from the differing events that have been supported historically; 
which include protestor action, on-site issues, fuel shortage response and most 
recently the companies support to events in Fukushima.  The CESC facility is also 
utilised by Magnox Ltd who own a number of decommissioning nuclear power 
stations that are adjacently located to EDF NGL sites, as well as an operational 
nuclear power station.  This highlights the potential risk of both organisations 
requiring the facility to manage their own events at the same time and also that EDF 
NGL may need to support multiple sites of its own. 

608. Following an event the duration of response could extend beyond days or 
even weeks.  This could result in issues surrounding prolonged use of staff and 
resources, which may require calling on staff from other stations.  As such existing 
arrangements are being reviewed to ensure the principles of extendibility are 
adhered to. 

609. To allow an internal emergency response organisation to function correctly 
and appropriately it is important to have a command chain structure; so that each 
part of the organisation understands to whom they are reporting to and from whom 
they will receive information and instructions.  The review will ensure that the impact 
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on a multi unit event on a companies command structure is considered to allow for a 
flexible response.  

610. The aim of this area of work is to enhance emergency arrangements to 
enable co-ordination and management of multi site events and protracted events, 
and to improve CESC command and control arrangements, including the Information 
Management System, to allow support to multiple sites simultaneously and for longer 
duration through enhancements to procedures such as shift control and staff 
resourcing. 

Emergency control, instrumentation and communications  
611. REPPIR requires that members of the public within a DEPZ, who could be at 
risk from a reasonably foreseeable radiation emergency, should receive certain 
prescribed information.  Such information must be distributed in advance of any 
emergency occurring.  Operators provide this information in a variety of forms, 
updated at regular intervals not exceeding three years.  The operator also makes the 
information available to the wider public, usually by providing information on request 
or by placing copies in public buildings such as libraries and civic centres.  Every 
nuclear installation licensee also has local liaison arrangements that provide links 
with the public in the vicinity of the site. 

612. In the event of an emergency the operator would be expected to make a 
formal announcement as soon as possible after the emergency has been declared. 

613. In the UK, emergency control and indication centres are situated on nuclear 
power plant sites and are intended to be robust during accidents.  However, they 
have limited capabilities for severe accidents and given the circumstances of the 
Fukushima accident, HM Chief Inspector’s Interim Report (Ref. 1) proposed that a 
review be undertaken.  This should also look at the provision of secure 
communications both on and off the site, and among all government agencies that 
might be involved, taking account of lessons from other severe non-nuclear events.  
Consequently, HM Chief Inspector’s Interim Report (Ref. 1) made the following 
recommendations: 

Recommendation IR-22: The UK nuclear industry should review the provision of on-
site emergency control, instrumentation and communications in light of the 
circumstances of the Fukushima accident including long timescales, wide spread on 
and off-site disruption, and the environment on-site associated with a severe 
accident. 

In particular, the review should consider that the Fukushima site was equipped with a 
seismically robust building housing the site emergency response centre which had 
both adequate provisions to ensure its habitability in the event of a radiological 
release; and communication facilities with on-site plant control rooms and external 
agencies, such as TEPCO headquarters in Tokyo. 

Recommendation IR-23: The UK nuclear industry, in conjunction with other 
organisations as necessary, should review the robustness of necessary off-site 
communications for severe accidents involving widespread disruption. 

In addition to impacting communications, it is possible that external events could also 
affect off-site centres used to support at site in an emergency.  Alternative locations 
should be available and they should be capable of being commissioned in an 
appropriate timescale. 
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Command and control 

EDF NGL 

614. Current feedback from Fukushima suggests that the normal monitoring 
instrumentation and plant control was not robust to the severe event encountered 
and that there may have been limitations on the indications available at alternative 
emergency control centres.  It is important to review the provisions at the existing 
EDF NGL NPPs to seek to ensure adequate instrumentation will be available and 
capable of withstanding extreme events. 

615. In addition, the Fukushima event has highlighted the need to ensure that 
secure and robust communications remain available, both on-site and off-site during 
such events or can be made available in a suitably short timescale.  This aspect will 
also be considered as part of EDF NGL’s response.  EDF NGL’s reviews have 
identified no shortfalls in their operational safety case; that is, they are safe for 
continued operation. Any identified potential enhancements are for beyond design 
basis events of a highly unlikely nature. 

616. EDF NGL’s intention is to provide modularised back-up equipment including 
an emergency management module that can be deployed with the capabilities to 
manage / oversee the response operation.  This will be used to accommodate 
response personnel and determine (directly or indirectly) essential information 
concerning the plant state. In the case of an emergency the availability of accurate 
information will be critical in determining the plant status and directing operators to 
take correct actions to maintain the safety of the plant, and to promote recovery to a 
safe condition. 

617. EDF NGL is proposing to provide equipment for use in a beyond design basis 
event.  Plant monitoring provisions are being reviewed including the identification of 
critical plant parameters and locations on plant where readings can be taken.  The 
requirement to establish suitable relay points for inaccessible areas is also being 
addressed.  The use of mobile measuring equipment and appropriate hand held 
communications devices are also being investigated as a means of providing 
alternative indication facilities.  

618. As part of the strategy for centrally held modularised back-up equipment, a 
designated Alternative Power Supply Pod is envisaged to supply power for basic site 
instrumentation, basic emergency lighting and the activation of some plant control 
valves.  At Sizewell B a hardened back-up Emergency Response Centre (ERC) has 
been proposed which will also be used to house essential back-up equipment. It will 
enhance the ability to execute command and control functions of emergency 
response operations.  

619. EDF NGL has performed a resilience review of its existing already robust and 
diverse communication systems at its sites against a set of beyond design basis 
assumptions.  These assumptions include on-site and off-site loss of power and on-
site and off-site disruption to the communications network infrastructure.  The review 
identified how existing communication systems could be enhanced in order to 
increase their resilience and show where alternative systems would provide an 
increased layered fall-back approach for communication options in the event of 
power loss and disruption to infrastructure. 

620. Reviews have been completed of all on-site Emergency Control, 
Instrumentation and Communications Systems for resilience following extreme 
beyond design basis conditions and resilience improvement plans are being made for 
any potential plant enhancements and modifications. In addition to any on-site 
resilience enhancements there will always be a plan in place to mobilise and deliver 
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the necessary back-up equipment, including an emergency management module, to 
site that will aid recovery in a severe event. 

621. The deployment strategy and methodology for back-up modules has been 
carefully considered and a number of mobile equipment storage and deployment 
facilities, as well as a local combined (AGR / PWR) facility at Sizewell B, are being 
considered.  The deployment strategy will consider widespread infrastructure 
disruption including damage to local road infrastructure. 

Magnox Ltd 

622. Magnox Ltd is in the process of reviewing on-site command, control and 
communications facilities.  Their strategy is one of not hardening the facilities to 
provide a habitable environment, despite widespread damage of site and radiation 
release, but having a policy of moving the Command and Control function to a safe 
location.  Consideration is being given to enhancing the remote monitoring of nuclear 
safety-critical parameters. Satellite phones are on order to provide land based 
infrastructure free communications. 

Off-site communications 

EDF NGL 

623. In a severe accident situation, both on-site and off-site communication is a 
vital component of the emergency response.  EDF NGL has an existing range of 
systems which are used for communication and this diversity in itself provides 
resilience.  It is, however, recognised that individual systems could be enhanced to 
provide further resilience from external hazards, such as power loss and disruption to 
infrastructure. 

624. EDF NGL initiated a resilience and diversity review of the systems used for 
communicating between EDF NGL sites (including the CESC), on-site emergency 
facilities, and response teams and also externally to SCCs.  To aid this review EDF 
NGL utilised information from Local Resilience Forum  Telecommunications 
Subgroups and other relevant organisations which have extensive knowledge of 
building resilience into their communications systems. This was in order to 
understand whether there are methods or systems currently utilised or available that 
can be adopted to enhance EDF NGL’s own resilience. 

625. This review has identified where EDF NGL’s existing communication systems 
are vulnerable to, or limited by, a set of beyond design basis assumptions.  
Additionally, this review has explored the ways in which the existing systems may be 
enhanced and where new and alternative systems could provide added resilience 
and diversity during a disruptive event.  

626. Any added resilience would provide an increased layered fall-back approach 
for communication options in the event of power loss and disruption to on-site and 
off-site infrastructure.  A layered approach recognises that not all means of 
communication are always likely to be available.  In the event of failure or 
unacceptable degradation of the primary means of communicating, falling back to 
another option helps absorb disruptive challenges or mitigate their effects. In 
essence, EDF NGL need to ensure that there is a ‘last line of defence’ in place to 
allow messages to be sent externally from an affected site if all other preferred 
communication methods have failed. 

627. Further considerations involve the provision of satellite telephone 
communications equipment.  This would avoid common cause failure of current 
systems on loss of power or disruption to signal transmission / reception caused by 
adverse environmental effects or loss of external infrastructure.  
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628. It has been identified that the availability of the CESC (a joint EDF NGL and 
Magnox Ltd facility) and its backup could be compromised by their locations within 
the same area, be it power or utility supply, flooding, other natural or industrial 
hazards, causing impeded access or damage to the site.  There are plans in place to 
identify and utilise an alternative location for a back-up to the existing CESC to 
strengthen the immediate response capability for events which could impact the 
CESC site. 

Magnox Ltd 

629. Further, following Magnox Ltd’s review of its communications systems, 
Magnox Ltd will be implementing the following actions: 

 Considering an updated information management system. 

 Diversity of communications systems to be enhanced through procurement of 
satellite phones. 

2a. Actions to be taken or planned by UK Government 

Emergency arrangements 

630. The National Strategic Framework consists of six blocks or work-streams, 
covering Strategic Co-ordination; Risk Assessment; Emergency Plans; Emergency 
Response; Recovery; and Communications.  In delivering these work-streams, the 
activities identified in Section 1a to address recommendations made by the Chief 
Inspector in the Interim and Final Fukushima Reports (Refs 1 and 2) will be resolved. 

National communication 
631. Under the auspices of the Nuclear Emergency Communications Working 
Group, a new programme of work: Communications of the National Strategic 
Framework will consider the following aspects: 

 national communications strategy; 

 review/updating of public communications (warning and informing); 

 consolidate briefing and external communication on radiation/health impacts; 

 review of resilience of national communications infrastructure; 

 local, regional and national event co-ordination protocols and mechanisms; 
and 

 communication with international partners. 

2b. Actions to be taken or planned by UK operators 

632. The ENSREG stress tests performed by UK NPP licensees resulted in 
several considerations for UK NPP licensees to enhance their existing emergency 
arrangements.  From these considerations, ONR produced a number of findings 
within their UK National Report to the EC on the implementation of the stress tests 
(Ref. 3).  In addition, ONR outlined recommendations, some relevant to emergency 
arrangements, within the HM Chief Inspector’s Interim and Final reports (Refs 1 and 
2).  In order to address these considerations, findings and recommendations UK NPP 
licensees have developed work-streams with respect to: 

 Emergency Preparedness 

 Human  Aspects 

 Training and Exercising 
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In essence the work-streams impact upon three key areas; facilities, people and 
procedures. 

Human aspects 
633. UK NPP licensees have developed a work-stream, in response to the learning 
from Fukushima, to review human and psychosocial aspects in order to enhance 
staff welfare, human factors and emotional aspects associated with emergency 
response.  In particular, this work-stream will examine the human aspect of response 
to emergencies which can be divided into: 

 human aspects around staff welfare and emotional aspects of response (pre, 
during and post event); and 

 human aspects which could impede the response of individuals (before and 
during event). 

634. Throughout this work-stream, consideration will be given towards the 
physical, organisational, behavioural, emotional and cultural aspects for workers 
having to take actions on-site during emergencies, especially over long periods.  This 
extends to the emotional impact on responding staff regarding the welfare of family 
members. 

Emergency preparedness 

EDF NGL 

635. The EDF NGL’s intention is to provide modularised back-up equipment, 
including an emergency management module that can be deployed with the 
capabilities to manage / oversee the response operation. 

636. A review of station on-site and off-site communications resilience under 
extreme conditions has been completed and resilience improvement plans are being 
made for any potential plant enhancements and modifications. 

637. EDF NGL is also considering the provision of satellite telephone 
communications equipment.  This would avoid common cause failure of current 
systems on loss of power or disruption to signal transmission / reception caused by 
adverse environmental effects or loss of external infrastructure. 

638. In addition to any on-site resilience enhancements there will always be a plan 
in place to mobilise and deliver the necessary back-up equipment to site that will aid 
recovery in a severe event. 

Magnox Ltd 

639. Magnox Ltd has established work-streams within its organisation which will 
deliver activities identified in Section 1a.  In delivering these work-streams, 
recommendations made by the Chief Inspector in the Interim and Final Fukushima 
Reports will be resolved. 

640. Magnox Ltd is in the process of reviewing on-site command, control and 
communications facilities.  The strategy of not hardening the facilities to provide a 
habitable environment despite widespread damage of site and radiation release but 
having a policy of moving the Command and Control function to a safe location is 
considered appropriate.  Consideration is being given to enhancing the remote 
monitoring of nuclear safety-critical parameters. Satellite phones are on order to 
provide land based infrastructure free communications. 

641. Magnox Ltd has also identified the difficulties with obtaining off-site data in the 
event of widespread damage of infrastructure.  As a partial solution they are buying a 
number of deployable detectors that, once placed in the plume, will report their 
position and dose rates experienced by mobile phone. 
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2c. Schedules to complete the UK Government planned 
activities 

642. The opportunities identified by NEPLG form part of a wider programme of 
work being taken forward by DECC as part of delivering the strategic outcomes 
established by the National Strategic Framework.  As part of delivering the strategic 
outcomes, capability mapping and base-lining is currently being completed by the 
multi-agency response.  Once completed and approved by the Nuclear Emergency 
Planning Delivery Committee (NEPDC), and endorsed by the Nuclear Emergency 
Planning Board (NEPB), this will form the basis of delivery plans targeted for 
completion by March 2015.  Progress will be monitored by the NEPB and NEPDC. 

2d. Schedules to complete the operator planned activities 

EDF NGL  

643. The events and subsequent lessons identified following the Japanese 
earthquake and tsunami present specific enhancement opportunities to EDF NGL’s 
emergency arrangements.  Consequently, EDF NGL has a responsibility to develop 
arrangements, ensuring they are scalable and capable of responding to beyond 
design basis events.  

644. Table 7 stating the key milestones of the emergency arrangements work-
stream.  It should be noted that these milestones link to a wider project plan focusing 
on on-site resilience modifications, back up equipment design and technical review. 

 

Table 7: EDF NGL’s Emergency Arrangement work-stream  

Work stream Completion 

Emergency Preparedness 

Improve resilience of central facilities May 2012 

Diversify current communication methods to increase levels of 
resilience based upon learnings from Japanese earthquake 

July 2012 

Analyse current arrangements for key supply chain to ensure the 
essential supplies and consumables are delivered to stations and 
other key sites during emergency conditions 

July 2012 

Human Aspects 

Review staff welfare, human factors and emotional aspects of 
response to emergencies and develop appropriate enhancements 

Dec 2013 

Training and Exercising 

Identify additional training requirements for beyond design basis 
events and outputs from resilience enhancements 
(Station/Centre/POD team) 

Mar 2012 

Update exercise arrangements to reflect scenarios based on 
beyond design basis events and utilise principals of extendibility. 

Mar 2014 
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Magnox Ltd 

645. Table 8 below outlines the key milestones for Magnox Ltd’s Fukushima 
Response Project.  

Table 8: Magnox Ltd’s Emergency arrangement work-stream 

Work stream Completion 

Review, updating existing SBERGs and SAGs for Reactor core 
cooling for Wylfa, including new training scheme 

June 2012 

Extend SBERGs and SAGs to cover fuel routes and cooling ponds - 
to include rollout and training 

December 2012 

Further extend to deal with ILW stores at non NPP sites March 2013 

Enhance Training and exercise arrangements in line with National 
advice from competent bodies 

December 2012 

Provide diverse communications facilities to all sites (Satellite 
technology) 

June 2012 

3a. Activities performed by regulatory body 

646.  ONR’s role is defined in legislation by NIA65 and REPPIR.  In consequence, 
it needs to ensure that the on-site and off-site emergency plans are joined up and 
fully integrate the multi-agency response for any given site.  Thus, ONR has followed 
up the lessons learned from Fukushima with all duty holders that make up the multi-
agency response under REPPIR, in particular NEPLG and DECC (the lead 
Government Department). 

647. ONR has reviewed the Government / DECC and licensees planned actions 
and schedule.  ONR is of the opinion that appropriate lessons are being learned from 
Fukushima and that resolution of the planned activities should strengthen the multi 
agency preparedness and response capability.  Specific comment by ONR on the 
scope of the Government / DECC and licensees planned actions and schedule is 
made below. 

648. In consequence, ONR has ensured that the forward work programmes will 
specifically cover issues raised by Fukushima such as multi-unit events, emergency 
arrangements, etc. 

649. ONR has itself been the subject of a number of recommendations arising 
from HM Chief Inspector’s Interim and Final reports (Refs 1 and 2).  Activities 
performed by the regulatory body in response to these recommendations are 
reported below. 

Emergency response 
650. On being notified of an emergency affecting a licensed nuclear site, ONR 
would send inspectors, both to site and to the appropriate off-site facility, who would 
monitor the situation and review the activities of the operators to ensure that they are 
taking all reasonable steps both to restore the plant to a safe state and to minimise 
the risk to the general public. 

651. ONR would set up its own Incident Suite to provide a technical assessment 
capability and to support the HM Chief Nuclear Inspector of Nuclear Installations and 
the ONR inspectors on the site, at the off-site facility or at the CESC.  This would 
allow ONR to make independent assessments of the likely course of the accident 
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and its consequences, and to consider any implications for other nuclear 
installations. 

652. HM Chief Nuclear Inspector would act as advisor to central government in 
nuclear emergencies and would give advice based on ONR’s assessments to 
government departments, devolved administrations, HSE, and the operators as 
appropriate. 

653. The HM Chief Inspector’s Interim Report (Ref. 1) reported that the extensive 
and extended nature of the Fukushima accident indicates that there is a need to 
consider extending some emergency exercises in the UK to include severe 
(large-scale) accident scenarios.  ONR’s incident response centre at its headquarters 
in Bootle, Liverpool was staffed and operational for over two weeks, including 
overnight working. Similarly, the UK nuclear power industry established its own crisis 
centre.  The use for such a long period has identified some areas where 
improvements may be made through exercising in real time such matters as: hand-
over arrangements, sustainability of resourcing, the provision of technical advice in 
short timescales (tailored to the needs of different recipients), and the vital role of 
communications and the acquisition of reliable data. For effective response to any 
UK incident there may be benefits in the regulator having direct access to real time 
independent information of key parameters from the affected site, if practicable. This 
is the case in some other countries. Additionally, there would be advantages in 
having available for each site a more extensive suite of radiological release 
calculations, release categories and associated dose rate predictions.  

654. In light of the extended Japanese emergency, HM Chief Inspector’s Interim 
Report made the following recommendation: 

Recommendation IR-6: ONR should consider to what extent long-term severe 
accidents can and should be covered by the programme of emergency exercises 
overseen by the regulator. 

This should include: 

 evaluation of how changes to exercise scenarios supported by longer 
exercise duration will permit exercising in real time such matters as hand-over 
arrangements, etc.; 

 how automatic decisions taken to protect the public can be confirmed and 
supported by plant damage control data; and 

 recommendations on what should be included in an appropriate UK exercise 
programme for testing nuclear emergency plans, with relevant guidance 
provided to REPPIR duty holders. 

655. Recommendation IR-6 was made on the basis that ONR considers to what 
extent long-term severe accidents can and should be covered by the programme of 
emergency exercises overseen by the Regulator.  ONR aims to produce a report on 
this review by the end of 2012. 

656. ONR has initiated a review of the existing programme of exercises to evaluate 
how changes to exercise scenarios supported by longer exercise duration will permit 
exercising in real time such matters as hand-over arrangements etc. It will also look 
closely at how automatic decisions taken to protect the public can be confirmed and 
supported by plant damage control data. It will then make recommendations on what 
should be included in an appropriate UK exercise programme for testing nuclear 
emergency plans. Relevant guidance will be provided to REPPIR duty holders.  

657. To fully capture the learning from the Fukushima event, HM Chief Inspector’s 
Interim Report (Ref. 1) made the following recommendation: 
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Recommendation IR-7: ONR should review the arrangements for regulatory 
response to potential severe accidents in the UK to see whether more should be 
done to prepare for such very remote events. 

This should include: 

 enhancing access during an accident to relevant, current plant data on the 
status of critical safety functions, i.e. the control of criticality, cooling and 
containment, and releases of radioactivity to the environment, as it would 
greatly improve ONR’s capability to provide independent advice to the 
authorities in the event of a severe accident; and 

 review of the basic plant data needed by ONR – this has much in common 
with what we suggest should be held by an international organisation under 
Recommendation IR-1. 

658. Although stakeholders have fed-back positively regarding ONR’s response to 
the Fukushima accident, such as its provision of authoritative advice to Government, 
the organisation is always striving to continuously improve.  As such, improvement 
work-streams relevant to ONR's emergency arrangements function have been 
established: 

 Business-as-Usual function: Proactively continuing to improve through its 
existing links and engagement with NEPLG and other emergency 
arrangements stakeholders, and through working with our emergency 
arrangements training provider.  This work is ongoing. 

 Final Fukushima Programme Report and Stress Tests: Aimed at identifying 
the lessons that have relevance to ONR's emergency arrangements function 
from many sources, such as our reports to the Secretary of State, the 
Japanese report to IAEA, the EC “Stress Test” reports etc.  This work-stream 
will conclude with the production of ONR’s “implementation report” currently 
planned for autumn 2012. 

 Deputy Chief Inspector lead response to Recommendation IR-7: One of 
ONR's Deputy Chief Inspectors was given the lead to work with our business-
as-usual function to conduct a lessons learnt exercise specifically regarding 
our response during Fukushima (and other times when the ONR Incident 
Centre has been operational, for example, during exercises) and our 
arrangements for responding to emergencies. This work was completed at 
the end of 2011. 

3b. Schedules for completion of regulatory activities 

659. Within the HM Chief Inspectors Interim Report (Ref. 1) the final 
recommendation required that the UK Government and licensees respond to the 
recommendations within one month.  This was stated in Recommendation IR-26:  

Recommendation IR-26: A response to the various recommendations in the interim 
report should be made available within one month of it being published.  These 
should include appropriate plans for addressing the recommendations.  Any 
responses provided will be compiled on the ONR website.   

660. The UK Government, through DECC and NEPLG, and licensees, provided 
responses to the recommendations and have now provided two further updates on 
the interim recommendations and one update on the final recommendations.  

661. ONR requires that the licensees respond to all recommendations and findings 
by June 2012.  This is stated in Recommendation FR-12 and Finding STF-19. 
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Recommendation FR-12: Reports on the progress that has been made in responding 
to the recommendations in this report should be made available to ONR by June 
2012.  These should include the status of the plans, together with details of 
improvements that have been implemented by that time.  

Finding STF-19: Reports on the progress made in addressing the conclusions of the 
licensees Considerations and the ONR findings should be made available to ONR on 
the same timescale as that for HM Chief Inspector’s recommendations (June 2012).  
These should include the status of plans and details of improvements that have been 
implemented. 

662. Once these responses have been received ONR will compile a final 
implementation report detailing the work that will be done to respond to the events at 
Fukushima within the UK.  

3c. Conclusions of the regulatory body 

663. Nuclear emergency preparedness and response in the UK has evolved since 
the Windscale Fire in 1957, taking account of lessons learned at other incidents, in 
particular, Chernobyl, Three Mile Island and Tokaimura, to reflect international best 
practice as given by the IAEA Safety Requirements publication ‘Preparedness and 
Response for a Nuclear or Radiological Emergency, GSR-2’ and its supporting 
guidance.  The programme of work that the UK has initiated to review its 
arrangements and make improvements to the governance structure that will ensure 
that the lessons learned from the Fukushima accident are fully reflected in the multi-
agency nuclear emergency preparedness and response. 

664. All licensees have robust emergency arrangements for handling design basis 
events at all nuclear installations, however, they recognise that further review is 
required if these arrangements are to be enhanced to deal with beyond design basis 
situations. 

665. In summary, completion of the identified work streams will result in 
improvements to the UK’s nuclear emergency preparedness and response 
arrangements to reflect the lessons that are being learned from the Fukushima 
accident.



 

4. Summary of actions 

Activities by the Operator* / Lead 
Government Department 

Activities by the Regulator* 

Ref. Activity Site 

(Item 2.a 
and 3.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

(Item 2.b 
and 3.b) 

Schedule 
Or 

Milestones 
for Planned 
Activities 

(Item 2.c 
and 3.c) 
Results 

Available 
 

- Yes? 
- No? 

(Item 4.a) 
Activity 
- Taken? 

- Ongoing?
- Planned?

(Item 4.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 4.c) 
Conclusion 
Available 

 
- Yes? 
- No? 

IR-2 The Government should consider carrying out a review of 
the Japanese response to the emergency to identify any 
lessons for UK public contingency planning for 
widespread emergencies, taking account of any social, 
cultural and organisational differences. 

Government Ongoing Progress 
report due in  
October 2012

No 

The Nuclear Emergency Planning Liaison Group should 
instigate a review of the UK’s national nuclear emergency 
arrangements in light of the experience of dealing with the 
prolonged Japanese event. 

Ongoing Progress 
report due in 
October 2012

No 

i. Extendibility scenarios – update guidance for 
extendibility planning 

   

ii. Requirements for extendibility planning – gap analysis    

iii. Frequency of extendibility testing    

IR-3 

iv. Clarify the requirements for delivering data and 
information in the event of a prolonged incident in the 
UK and that these arrangements be tested annually. 

Government 

   

 
 
 
 
 
 
 
 

Licensees are required to formally submit 
plans and Government bodies have been 

formally requested to submit plans to ONR 
to address the HM Chief Inspector’s 

recommendations by the end of June 2012 
 

 v. Strengthen Central Government arrangements:      
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Activities by the Operator* / Lead 
Government Department 

Activities by the Regulator* 

(Item 2.a (Item 2.b (Item 2.c (Item 4.a) (Item 4.b) (Item 4.c) 

Ref. Activity Site 
and 3.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

and 3.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

and 3.c) 
Results 

Available 
 

- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

  Produce a common framework for planning the 
response to a prolonged event; 

 Recommend to participating local and national 
agencies that they optimize their response to 
enhance sustainability during a prolonged event; 

 Consider the provision of the bespoke scientific 
advice to government required in the event of a 
nuclear emergency by: 
- Reviewing the interfaces and roles of groups 

such as Scientific and Technical Advice Cell 
(STAC), Scottish Government Resilience Room, 
Science Advisory Group for Emergencies 
(SAGE); and 

- Reconciling key scientific roles which include 
Government Chief Scientific Adviser, 
Government Technical Adviser, Director of 
Public Health, and Chief Inspector of Nuclear 
Installations. 

 

FR-5 The relevant Government departments in England, Wales 
and Scotland should examine the adequacy of the 
existing system of planning controls for commercial and 
residential developments off the nuclear licensed site. 

Government Ongoing Ongoing No 

Licensees are required to formally submit 
plans and Government bodies have been 

formally requested to submit plans to ONR 
to address the HM Chief Inspector’s 

recommendations by the end of June 2012 
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Activities by the Operator* / Lead 
Government Department 

Activities by the Regulator* 

(Item 2.a (Item 2.b (Item 2.c (Item 4.a) (Item 4.b) (Item 4.c) 

Ref. Activity Site 
and 3.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

and 3.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

and 3.c) 
Results 

Available 
 

- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

FR-6 The nuclear industry with others should review available 
techniques for estimating radioactive source terms and 
undertake research to test the practicability of providing 
real-time information on the basic characteristics of 
radioactive releases to the environment to the responsible 
off-site authorities, taking account of the range of 
conditions that may exist on and off the site. 

Nuclear Industry Ongoing Ongoing No 

FR-7 The Government should review the adequacy of 
arrangements for environmental dose measurements and 
for predicting dispersion and public doses and 
environmental impacts, and to ensure that adequate up to 
date information is available to support decisions on 
emergency countermeasures. 

Government Ongoing Ongoing No 

IR-11 The UK nuclear industry should ensure that safety cases 
for new sites for multiple reactors adequately 
demonstrate the capability for dealing with multiple 
serious concurrent events induced by extreme off-site 
hazards. 

Nuclear Industry Ongoing EDF NGL 
Jun 2012 

No 

IR-22 The UK nuclear industry should review the provision on-
site of emergency control, instrumentation and 
communications in light of the circumstances of the 
Fukushima accident including long timescales, wide 
spread on and off-site disruption, and the environment 
on-site associated with a severe accident. 

Nuclear Industry Ongoing Ongoing No 

Licensees are required to formally submit 
plans and Government bodies have been 

formally requested to submit plans to ONR 
to address the HM Chief Inspector’s 

recommendations by the end of June 2012 
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Activities by the Operator* / Lead 
Government Department 

Activities by the Regulator* 

(Item 2.a (Item 2.b (Item 2.c (Item 4.a) (Item 4.b) (Item 4.c) 

Ref. Activity Site 
and 3.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

and 3.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

and 3.c) 
Results 

Available 
 

- Yes? 
- No? 

Activity 
- Taken? 

- Ongoing?
- Planned?

Schedule Conclusion 
Or Available 

Milestones  
for Planned - Yes? 
Activities - No? 

IR-23 The UK nuclear industry, in conjunction with other 
organisations as necessary, should review the robustness 
of necessary off-site communications for severe 
accidents involving widespread disruption. 

Nuclear Industry 
plus nuclear 

response 
organisations 

Ongoing Ongoing No 

IR-24 The UK nuclear industry should review existing severe 
accident contingency arrangements and training, giving 
particular consideration to the physical, organisational, 
behavioural, emotional and cultural aspects for workers 
having to take actions on-site, especially over long 
periods.  This should take account of the impact of using 
contractors for some aspects on-site such as 
maintenance and their possible response. 

Nuclear Industry Ongoing Ongoing No 

Licensees are required to formally submit 
plans and Government bodies have been 

formally requested to submit plans to ONR 
to address the HM Chief Inspector’s 

recommendations by the end of June 2012 
 

IR-6 ONR should consider to what extent long-term severe 
accidents can and should be covered by the programme 
of emergency exercises overseen by the regulator. 

ONR - - - Ongoing End 2012 No 

ONR should review the arrangements for regulatory 
response to potential severe accidents in the UK to see 
whether more should be done to prepare for such very 
remote events. 

- - -    IR-7 

i. Business as Usual workstream 

ONR 

   i.   Ongoing Ongoing No 

ii. Final Fukushima Programme Report and Stress Tests 
workstream 

   ii.   Planned September 
2012 

No  

iii. Deputy Chief Inspector lead response to 
Recommendation IR-7 workstream 

 

   iii.   Taken End 2011 Yes 
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Topic 6 – International Co-operation 

 

An objective of the CNS is “to achieve and maintain a high level of safety 
worldwide through the enhancement of national measures and international 
cooperation...” 

The importance of international cooperation was further highlighted during 
the Fukushima accident and recovery actions.  At the Ministerial 
Conference on Nuclear Safety, “Member States were encouraged to 
recognize the importance of international cooperation and collaboration in 
enhancing safety and regulation”.  Contracting Parties should include any 
actions taken or planned to enhance the capability to offer assistance to 
another Contracting Party, should a severe accident occur. 

The Contracting Parties should consider actions to strengthen the global 
nuclear safety regime, such as expanding the use of IAEA safety standards, 
hosting peer reviews, and enhancing the transparency and effectiveness of 
communication among operators, regulators and international 
organizations.  

Contracting Parties are expected to report on actions that have been taken, 
or are planned, to enhance international cooperation, including:  

 Changes in status with respect to the safety conventions; 

 Mechanisms for communicating with neighbouring countries and the 
international community; 

 Cooperation with international organizations; 

 Cooperation in the frame of international working groups; 

 Hosting international peer reviews; 

 Sharing international operating experience; and 

 Utilization of IAEA safety standards.

 

666. Topic 6 falls outside of the requirements of the ENSREG stress test 
specifications.  It has therefore been addressed by obtaining additional information 
from Government, regulators and operators.  However, international co-operation 
required in the interest of nuclear safety was considered by the HM Chief Inspector’s 
reports on the Fukushima accident (Refs 1 and 2).  This section considers operating 
organisations, regulatory organisations and UK Government. 

Operating organisations 
667. The two major UK licensees that operate the UK NPPs have provided 
information on their links and activities with respect to international co-operation.  
This information is summarised below. 

Magnox Ltd 
668. Magnox Ltd has a number of formal links with organisations specifically set up 
for ensuring good international co-operation.  These have been established after 
previous serious nuclear events around the world and in general Magnox Ltd does 
not embark on international activities outside of these arrangements.  They are as 
follows: 
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 WANO - This organisation (established after the Chernobyl accident) ensures 
speedy and detailed technical information is shared not only on ‘events’ but 
also on matters of common interest.  Although a ‘world’ organisation, it tends 
to cover Europe more strongly than elsewhere.  Through WANO there has 
been a significant amount of sharing following the Fukushima accident, with 
three major assessments being made on matters arising from Fukushima (for 
example on resilience of AC electrical supplies).  Peer Reviews and Peer 
Assist visits take place regularly at our plants under the auspices of WANO.  
All of Magnox Ltd’s operational experience is shared with WANO who 
distribute the information worldwide and in return a significant amount of 
incoming information is received. 

 INPO - This is predominately the United States’ operators association and 
carries out many similar functions to WANO.  Magnox Ltd receives regular 
bulletins and submits information as required.  A similar sharing of operational 
experience takes place as with WANO. 

 IAEA - This organisation is a long-standing body which Magnox Ltd supports 
through the UK Government. 

EDF NGL 
669. EDF NGL has confirmed that, as a learning organisation, it takes proactive 
roles in the same international nuclear organisations (IAEA/WANO etc.) and as such 
looks to national and international operating experience to learn from and enhance 
the safety and operational aspects of its plants.  EDF NGL also routinely supports the 
process of reviewing and implementing where applicable the IAEA and other relevant 
nuclear safety standards and initiatives, as well as in the light of the Fukushima 
accident.  Examples of these are as follows: 

 EDF NGL is working with WANO to provide guidance on the Emergency 
Planning performance objectives and criteria so that operators can be peer 
reviewed against international best standards. 

 EDF NGL staff have reviewed plant modifications and emergency response 
changes that have been or are being enacted in Taiwan, Japan and 
Switzerland.  Proposed modifications have been reviewed for some French 
and German stations. 

 EDF NGL continues to be involved in IAEA Post Fukushima safety 
management and emergency response meetings. 

670. EDF NGL are also in discussions with DECC on how they can support the UK 
Government in its interactions with the IAEA.  Further, EDF NGL is working with EDF 
SA (their French parent company) to provide a communication system for a nuclear 
emergency.  EDF SA already has a mechanism for providing information from its 
other international sites during a nuclear emergency. 

Regulatory organisation  
671. There is existing good co-operation between ONR and nuclear regulators 
worldwide, including through various international nuclear bodies.  This latter 
grouping includes: 

 The International Atomic Energy Agency (IAEA) (www.iaea.org)  

 The Organisation for Economic Co-operation and Development’s (OECD) 
Nuclear Energy Agency (NEA) (www.oecd-nea.org) 

 European Council’s European Nuclear Safety Regulators Group (ENSREG) 
(www.ensreg.org) 
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 The Western European Nuclear Regulators’ Association (WENRA) 
(www.wenra.org) 

Further information on the above bodies is available via their websites. 

672. All have had meetings (or plan meetings in the near future) at which the 
Fukushima accident and lessons to be learnt were discussed.  Additionally, from 1 
April until 14 April 2011 the tri-annual Review Meeting of the Convention on Nuclear 
Safety was held and special attention was paid to the topic of this report as reported 
at www-ns.iaea.org/conventions/nuclear-safety.  ONR staff play an active part in 
these organisations, including HM Chief Inspector of Nuclear Installations. 

673. In addition, ONR has close bilateral links with other nuclear regulators, in 
particular the United States Nuclear Regulatory Commission (US NRC) and the 
French Autorité de Sûreté Nucléaire (ASN).  These links have been very useful in the 
immediate response to the accident and in co-ordinating work. 

674. HM Chief Inspector of Nuclear Installations has had bilateral discussions with 
several other chief nuclear regulators from around the world and with the Director 
Generals and senior staff of IAEA and NEA, and similarly with the Director General 
for Energy of the European Council. 

675. Of particular note coming out of such meetings and discussions are: 

 Agreements among major nuclear regulators to share information about their 
national reviews. 

 The development of European Council “Stress Tests” (Ref. 4). 

 A special conference under the auspices of NEA in Paris of nuclear regulators 
and stakeholders in early June 2011. 

 A Ministerial Conference convened by the IAEA later in June 2011. 

 An Extraordinary Review Meeting of the Convention on Nuclear Safety to 
review contracting parties’ responses to the Fukushima accident in late 2012. 

676. Additionally, HM Chief Inspector of Nuclear Installations led an IAEA high-
level team of international nuclear experts to conduct a fact-finding mission to Japan, 
initially to inform the IAEA Ministerial Conference.  Such co-operation has greatly 
enhanced ONR’s ability to respond to the Fukushima accident.  Such co-operation 
will continue. 

677. ONR has led UK’s participation in the European stress test process.  All UK 
licensees have produced a submission against the ENSREG stress test specification.  
Subsequently, ONR has published two national stress test reports.  The first report 
dealt with NPPs and has undergone European peer review, the results of which are 
reported in ENSREG country report (Ref. 3).  The second report dealt with all other 
remaining UK nuclear facilities, this was beyond the scope of the ENSREG stress 
test specification and therefore has not undergone European peer review, however, 
this has been the subject of bi-lateral discussions with ASN. 

Government organisation 
678. As part of the response to the events at Fukushima the Secretary of State for 
Energy and Climate Change requested HM Chief Inspector of Nuclear Installations to 
produce a report on the lessons learnt from these events.  This report place two 
recommendations on the UK Government to improve international co-operation 
(Recommendations IR-1 and FR-9): 
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Recommendation IR-1: The government should approach IAEA, in co-operation with 
others, to ensure that improved arrangements are in place for the dissemination of 
timely authoritative information relevant to a nuclear event anywhere in the world. 

Recommendation FR-9: The UK Government, nuclear industry and ONR should 
support international efforts to improve the process of review and implementation of 
IAEA and other relevant nuclear safety standards and initiatives in the light of the 
Fukushima-1 (Fukushima Dai-ichi) accident. 

679. In response to these recommendations the UK Government has continued to 
work with its partners in the G8 governments, G20 governments and in other 
international fora to ensure better compliance with international Conventions and 
push forward work on enhancing nuclear safety standards established under the 
auspices of the IAEA. 

680. The UK has participated in the IAEA activities that led to the development of 
the Director General's Action Plan and will continue to work with the IAEA to help 
ensure the delivery mechanism for the Action Plan is both robust and realistic - 
especially bearing in mind the significance of the work it proposes. 

681. In meeting the actions proposed by the plan the UK have already committed, 
through the UK’s statement at the IAEA Ministerial Conference, to participate in 
further IRRS peer review missions. 

682. The UK Government is also committed to working with our international 
partners to consider how the dissemination of information under the Convention on 
Early Notification of a Nuclear Accident can be further improved in terms of both 
efficiency and substance. 

683. Currently the UK is not proposing any changes to the existing suite of 
international Conventions as it believes that there is a need to fully analyse the 
lessons learned from events at Fukushima and the stress test initiatives being 
undertaken before any informed decisions can be made on how the International 
Nuclear Safety Framework could/should be enhanced.  Nonetheless, in general the 
UK believes that the existing Conventions provide an adequate framework in which 
continuous improvement can be achieved. 

684. The UK continues to be an active member of a range of international 
organisations including the IAEA, the NEA, the G8 Nuclear Safety and Security 
Group, and ENSREG.  In addition the UK has established bilateral links at 
government level with our closest neighbours – primarily France – to ensure the 
maximum benefits are gained though cooperation and sharing of information and 
expertise in ensuring nuclear safety. 

685. The UK continues to welcome periodic peer review of our regulatory 
approach to ensuing nuclear safety, and has already agreed a date for the next IRRS 
missions (follow-up missions and full mission).  Also the UK has fully participated in 
the European stress test initiative which includes a peer review process – i.e. UK 
involved in the peer review of other states as well as subjecting UK regime to peer 
review. 



 

4. Summary of actions 

Activities by the Operator* Activities by the Regulator* 

Ref. Activity Site 

(Item 2.a) 
Activity 
- Taken? 

- Ongoing? 
- Planned? 

(Item 2.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 2.c) 
Results 

Available 
 

- Yes? 
- No? 

(Item 3.a) 
Activity 
- Taken? 

- Ongoing?
- Planned?

(Item 3.b) 
Schedule 

Or 
Milestones 
for Planned 
Activities 

(Item 3.c) 
Conclusion 
Available 

 
- Yes? 
- No? 

IR-1 The government should approach IAEA, in co-operation 
with others, to ensure that improved arrangements are in 
place for the dissemination of timely authoritative 
information relevant to a nuclear event anywhere in the 
world.   

All Sites Ongoing Quarterly 
Updates 

No Ongoing Ongoing No 

FR-9 The UK Government, nuclear industry and ONR should 
support international efforts to improve the process of 
review and implementation of IAEA and other relevant 
nuclear safety standards and initiatives in the light of the 
Fukushima-1 (Fukushima Dai-ichi) accident. 

All Sites Ongoing Quarterly 
Updates 

No Ongoing Ongoing No 
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Conclusions 

686. The assessments undertaken in the UK on the impact of the Fukushima 
accident on the UK nuclear power generation industry have been consistent in 
identifying that there are no fundamental weaknesses in the definition of design basis 
events or the safety systems to withstand them for UK NPPs.  Notwithstanding the 
existing high standards, the quest for improvement should never stop.  It is in this 
spirit of continuous improvement that the UK Government, ONR and nuclear industry 
have identified some areas that will benefit from being further strengthened in light of 
the lessons learned from the Fukushima accident.  Licensees and ONR have derived 
a number of potential improvements, mainly to enhance the resilience of site 
equipment and emergency arrangements in extreme circumstances but also to 
enhance safety margin assessment methods.  There are also potential improvements 
to the type or number of barriers to some hazards, e.g. flooding, which should 
increase defence in depth to beyond design basis events.  The UK Government has 
publicly stated that it will take the necessary action to implement any evidence based 
measures that are proportionate to the risks they seek to address.  

Continuous improvement within the UK 
687. The continuous improvement of nuclear safety process is a fundamental 
building block of a responsible nuclear site licensee and equally important to the 
development of knowledge and experience of the regulatory body.  The events at 
Fukushima, while tragic, provide a unique opportunity to learn from a serious nuclear 
accident.  

688. In the UK, the operator of a nuclear installation is required by LC15 (Periodic 
Review) to periodically review its safety case for the plant.  This PSR usually takes 
place every ten years and requires the operator to demonstrate that the original 
design safety intent is still being met.  The reassessment is performed against the 
latest safety standards and technical knowledge.  The operating experience of the 
plant is also considered in the review.  If the PSR identifies any reasonably 
practicable safety improvements, then it is a legal requirement that these should be 
made by the licensee.  In addition, any life-limiting factors that would preclude 
operation for a further ten years should also be identified in the review.  The PSR 
includes a review of the safety of the plant in response to events such as 
earthquakes, floods, extreme weather and fire/explosion.  ONR independently 
assesses licensees’ PSR reports using its SAPs and TAGs. 

689. All of the UK NPPs were designed and built to standards in use at the time.  
For all of the UK reactors this involved flooding studies but, for most, this did not 
include seismic design.  The initial round of PSRs identified the absence of a seismic 
safety case and a re-evaluation process was completed to confirm the adequacy of 
the relevant SSCs and to make necessary modifications to improve seismic 
resistance.  The second round of PSRs confirmed the improvements from the first 
and in some cases added further improvements.  The PSR process has resulted in 
substantial modifications being implemented on the earlier gas-cooled reactors 
whose initial design did not address seismic events, meaning that they substantially 
meet modern standards. 

690. The PSRs for each site take account of modern standards and recent 
research findings.  Over the last two decades, a number of tsunami studies have 
been completed by the UK nuclear industry or have been commissioned by UK 
Government.  The outputs from these studies have been considered in the 
subsequent PSRs. 
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691. As a result of the PSR process, the UK nuclear industry is continuing to 
improve the standards against which it is assessed and if safety improvements are 
judged reasonably practical they are implemented on UK sites.  Consequently no UK 
licensees have identified any safety concerns within the plants design basis or any 
concerns with the determination of the current design basis level.  However, the 
accident at Fukushima has identified how a large-scale external event can challenge 
the safety functions of an NPP.  Consequently there has been a step change with 
regard to how low frequency / high consequence beyond design basis events are 
considered within the UK.  This has resulted in the UK power industry and regulatory 
body proposing a number of modifications to prepare the UK NPPs for an unforeseen 
beyond design basis event. 

Potential safety improvements to UK NPPs post-Fukushima 
692. Continuous improvement is fundamentally embedded into the UK nuclear 
industry and regulatory structure; consequently learning from the Fukushima accident 
is essential to maintaining continuous improvement. Therefore, the UK nuclear 
licensees, ONR and the UK Government have reviewed these events in detail and 
have either implemented or are planning / considering a number of further safety 
improvements to ensure that the highest standard of safety is maintained throughout 
the UK nuclear industry.  

UK Licensees 
693. The licensees have derived a significant number of potential improvements, 
mainly to enhance site resilience and emergency actions following events beyond the 
design basis or not currently foreseen.  ONR expects the licensees to progress the 
resilience enhancements to further improve nuclear safety now and not delay until 
more detailed methods of analysis become available.  The full list of further studies 
and potential resilience enhancements identified by EDF NGL and Magnox Ltd are 
provided in the tables within this report, a summary of these actions is provided 
below. 

EDF NGL 
694. The objectives of the EDF NGL programme of work are to assess whether 
reasonable improvements can be made to provide further protection from natural 
hazards for key buildings and plant systems and to deliver on-site modifications to 
realise any potential improvements.  Where enhanced on-site resilience cannot be 
achieved through simple modifications then the plan is to provide the infrastructure to 
allow back-up equipment to be deployed.  EDF NGL has identified a number of areas 
for improvement, typical examples of which are: 

 For Sizewell B, passive hydrogen re-combination in the containment and 
containment venting during SBO and a new hardened back-up ECC facility.  

 Revised beyond design basis guidance and severe accident guidance for 
reactors and fuel route.  

 New flooding studies to re-evaluate the design basis flooding scenarios using 
the most recent data and taking account of climate change. 

 Seismic and flood resilience enhancements. 

 Improvements to fuel pond cooling make-up. 

 Provision of additional emergency backup equipment (i.e. over and above the 
equipment already provided on- and off-site) located at an appropriate off-site 
location close to the NPP.  This equipment may include: 

o Equipment to provide pressure vessel cooling. 
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o Supply of suitable inert gas for primary circuit cooling (AGR only). 

o Equipment to provide boiler feed. 

o Compressed air supply for decay tube cooling (AGR only). 

o Electrical supplies for primary circuit coolant circulation. 

o Equipment to provide fuel pond cooling. 

o Emergency command and control facilities including communications 
equipment. 

o Emergency response / recovery equipment. 

o Electrical supplies for lighting and C&I. 

o Water supplies for cooling from non-potable sources. 

o Robust means for transportation of the above equipment and personnel to 
the site post-event. 

Magnox Ltd 
695. Due to the limited operational life of the Magnox reactors, the only remaining 
operational reactor (Wylfa R1) is planned to shutdown in September 2014, Magnox 
Ltd’s response has differed from that of EDF NGL.  Magnox Ltd believes that it has 
limited time to perform detailed studies on measures to increase plant resilience and 
has therefore set about implementation of additional equipment which it believes will 
increase site resilience/defence in depth.  Therefore, Magnox Ltd has already 
increase stock levels of consumables on the operational sites i.e. CO2, fuel etc.  At 
the Wylfa site, Magnox Ltd has acquired two 150kVA mobile generators, two 
lightweight diesel fire pumps, a lightweight portable pump with generator and three 
petrol fire pumps to provide electricity, feed water and a greater fire fighting capability 
on-site.  Also Magnox Ltd has obtained two road tankers to ferry water from a local 
reservoir (if required) and a large earth mover for clearing site post event.  

696. Wylfa already has a set of beyond design basis accident containers 
positioned near the site.  As part of the Fukushima response additional equipment is 
been supplied to supplement these provisions e.g. Health Physics equipment 
(various), PPE clothing, CO2 monitors etc.  

697. As well as equipment, Magnox Ltd is also working on: 

 Maintenance and training plans to ensure operation of emergency equipment. 

 Procedural reviews such as the SAGs and SBERGs re-examination. 

Office for Nuclear Regulation 
698. Following the Fukushima accident, ONR has produced three reports (two 
reports from the HM Chief Inspector (Refs 1 and 2) and the national stress test report 
(Ref. 3)) design to ensure that the UK nuclear industry learns all lessons from the 
events at Fukushima.  These reports have raised 26 Interim recommendations, 12 
final recommendations and 19 stress test findings.  These have placed actions on UK 
licensees, UK Government and ONR to address potential safety improvements within 
the UK.  Further, ONR has required that all non-power-generating licensed nuclear 
installations undertake stress tests to reconfirm that all UK nuclear installations are 
resilient to large scale external events in the light of the Fukushima accident.  This 
report will produce a number of further findings for non-power-generating nuclear 
facilities, which will also have to be considered by all UK licensees. 

699. ONR will be producing a detailed implementation report in autumn 2012 
which will fully detail the UK response to the Fukushima accident.  This report will 
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cover all UK nuclear licensed facilities and state how the actions placed upon the UK 
nuclear industry will be addressed.  

700. More generally, in the course of its examination of the events in Japan, the 
UK has not seen any significant defects in its approach to nuclear regulation – i.e. a 
broadly goal-setting system, underpinned by a flexible and adaptable licensing 
regime, of which the SAPs form a crucial part.  The ONR review of its SAPs in 2006 
incorporated the current IAEA safety standards, and other guidance has 
subsequently incorporated the WENRA Reference Levels.  However, ONR is a 
learning organisation and is therefore committed to taking into account the lessons 
learnt from the events at Fukushima.  Therefore, once further detailed information is 
available and studies are completed, ONR will undertake a formal review of the SAPs 
to determine whether any additional guidance is necessary in the light of the 
Fukushima accident, particularly for “cliff-edge” effects (Recommendation IR-5). 

UK Government 
701. Immediately following the accident at Fukushima the UK Government, 
through the Secretary of State for Energy and Climate Change, asked HM Chief 
Inspector of Nuclear Installations to undertake a review of the impact of the events at 
Fukushima on the UK industry.  This review included consideration of the roles and 
responsibilities of regulators, the Government and operators in ensuring safety and in 
responding to nuclear accidents both domestically and overseas. 

702. Prior to the accident at Fukushima the UK Government had already begun a 
process of establishing the Office for Nuclear Regulation as statutory corporation 
providing, inter alia, more independence and flexibility to address future challenges.  
The aim of which is to enable ONR to respond more quickly and effectively to civil 
nuclear issues by, for instance, ensuring it has the capability and resource expertise 
necessary to meet the challenges of a rapidly developing nuclear industry.  The work 
that is currently taking place on the creation of a statutory ONR has at its heart the 
transparency of the regulator and its relationship with Government. This work will 
take onboard all lessons learnt from the events at Fukushima. 

703. In response to recommendations from HM Chief Inspector of Nuclear 
Installations, the UK Government has continued to work with its partners in the G8, 
G20 and other international fora to ensure better compliance with international 
Conventions and push forward work on enhancing nuclear safety standards 
established under the auspices of the IAEA.  

704. The UK has a long standing position of seeking to ensure continuous 
improvement in nuclear safety – it is enshrined in the legislation.  As part of this 
approach the UK seeks to ensure that international best practice and standards are 
taken into account when making nuclear safety decisions.  However, while 
international best practice standards are taken into account they are not ‘copied out’ 
into UK legislation as to do so would restrict the speed at which operators and 
regulators could react to the need to change legislative approaches and compliance. 

705. That said, the UK remains committed to the development and enhancement 
of IAEA safety standards and is actively involved in their review and where 
appropriate amendment. 
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Glossary and Abbreviations 

AC Alternating Current 

ACP Access Control Point 

AGR Advanced Gas-cooled Reactor 

AIC Alternative Indication Centre 

ALARP As low as reasonably practicable - the ALARP principle is fundamental to the 
regulation of health and safety in the UK.  It requires that risks should be 
weighed against the costs of reducing them.  Measures must then be taken to 
reduce or eliminate the risks unless the cost of doing so is obviously 
unreasonable compared with the risk. 

ASN Autorité de Sûreté Nucléaire (the French nuclear regulator) 

BST Buffer Storage Tube 

C&I Control and Instrumentation 

CCR Central Control Room 

CEGB Central Electricity Generating Board 

CESC Central Emergency Support Centre 

CNS Convention on Nuclear Safety 

COBR Cabinet Office Briefing Room 

CVCS Chemical and Volume Control System 

DBA Design Basis Accident 

DBE Design Basis Earthquake 

DBF Design Basis Flood 

DC Direct Current 

DECC Department for Energy and Climate Change  

DEPZ Detailed Emergency Planning Zone 

EBS Emergency Boration System 

EC European Council 

ECC Emergency Control Centre 

ECW Emergency Cooling Water 

EDG Emergency Diesel Generator 

EDF Électricité de France 

EFD NGL EDF Energy Nuclear Generation Limited 

EES Emergency Electrical System 

EIC Emergency Indication Centre 

ENSREG European Nuclear Safety Regulators Group 

ERC Emergency Response Centre 

EU European Union 

FCV Filtered Containment Venting 

FWS Feedwater System 
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Government The UK Government unless otherwise stated 

GT Gas Turbine  

GTA Government Technical Advisor 

H&V Heating and Ventilation 

HLW High Level Radioactive Waste 

HPA Health Protection Agency 

HPME High-pressure Melt Ejection 

HSE Health and Safety Executive - a distinct statutory body with day-to-day 
responsibility for making arrangements for the enforcement of safety 
legislation.  HSE is the statutory licensing authority for nuclear installations.  
This function is delegated to senior officials within the HSE's Nuclear 
Directorate. 

HSWA74 Health and Safety at Work etc.  Act 1974 

HVAC Heating, Ventilation and Air-conditioning 

IAEA International Atomic Energy Agency 

IFDF Irradiated Fuel Disposal Facility 

ILW Intermediate Level Radioactive Waste 

INES International Nuclear and Radiological Event Scale 

INPO Institute of Nuclear Power Operators 

IRR99 Ionising Radiations Regulations 1999 

IRRS Integrated Regulatory Review Service (IAEA) 

IRS Incident Reporting System 

Joint 
Convention 

Joint Convention on the Safety of Spent Fuel Management and on the Safety 
of Radioactive Waste Management 

LC Licence Condition 

LOOP Loss of Off-site Power 

LRF Local Resilience Forum 

MO The Met Office 

ND The HSE Nuclear Directorate (now ONR) 

NEA Nuclear Energy Agency (a part of OECD) 

NEAF Nuclear Emergency Arrangements Forum 

NEBR Nuclear Emergency Briefing Room 

NEPLG Nuclear Emergency Planning Liaison Group 

NIA65 Nuclear Installations Act 1965 (as amended) 

NIAS Nuclear Industry Airwave Service 

NII Nuclear Installations Inspectorate (now part of ONR) 

NPP Nuclear Power Plant 

NRI Nuclear Research Index 

OECD Organisation for Economic Co-operation and Development 

PAR Passive Autocatalytic Re-combiners 

PCPV Pre-stressed Concrete Pressure Vessel 
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PPE Personal Protective Equipment 

PSA Probabilistic Safety Analysis 

PSR Periodic Safety Review 

PSR2 Second phase of PSRs 

PVCS Pressure Vessel Cooling System 

PWR Pressurised Water Reactor 

REPPIR Radiation (Emergency Preparedness and Public Information) Regulations 
2001 

RCS Reactor Coolant System 

RHRS Residual Heat Removal System 

RIMNET Radiation Incident Monitoring Network 

RPA Radiation Protection Adviser 

RSA93 Radioactive Substances Act 1993 

RUHS Reserve Ultimate Heat Sink 

SAG Severe Accident Guidelines 

SAP Safety Assessment Principles (HSE) 

SBERG Symptom Based Emergency Response Guidelines 

SBO Station Black-out 

SCC Strategic Coordination Centre 

SFAIRP So far as is reasonably practicable 

SHWP Seismic Hazard Working Party 

SNUPPS Standardised Nuclear Unit Power Plant System 

SOI Station Operating Instruction 

SPEEDI System for Prediction of Environment Emergency Dose Information (Japan) 

SRV Safety Relief Valve 

SSC Structures, Systems and Components 

SSHAC Senior Seismic Hazard Analysis Committee 

STAC Scientific and Technical Advice Cell 

STF Stress Test Finding 

TAG Technical Assessment Guide 

TAP Technical Advisory Panel (ONR) 

TEPCO The Tokyo Electric Power Company 

TiiMS The Incident Information Management System (UK) 

UHS Ultimate Heat Sink 

UK United Kingdom of Great Britain and Northern Ireland 

US NRC The United States Nuclear Regulatory Commission 

WANO World Association of Nuclear Operators 

WENRA Western European Nuclear Regulators’ Association 
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