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Abstract 

 

Following the events at Fukushima, the Office for Nuclear Regulation (ONR), the UK nuclear safety 

regulator, undertook a series of reviews into the resilience of UK nuclear power plants to severe events. 

These reviews highlighted a number of areas in relation to electrical infrastructure where it considered 

licensees should review their arrangements, considering both onsite and offsite infrastructure as well as the 

ability to recover following a complete loss of site infrastructure. 

In response, UK licensees have been exploring four parallel approaches to improving the resilience 

for each of their sites. Firstly, through modifications on-site such as enhancements to the installed diesel 

generators and related systems. Secondly through improvements to the resilience of essential 

instrumentation to Station Black Out events. Thirdly, through the provision of off-site backup equipment 

that can be deployed to any site following a severe event. Finally, the provision of event qualified 

connection points on site to enable timely restoration of long term essential electrical supplies and cooling 

to key systems.  This last item gives a central focus to the issues of switchboard availability and the 

resilience of the whole network to large potentially common cause internal and external hazards.  

This paper will discuss the electrically related findings of the ONR reviews, explore the reasoning 

behind those decisions, and describe the approaches being taken by UK licensees. 

 

1. Introduction 

 

Each Nuclear Power Plant (NPP) around the world takes an overview of its arrangements typically 

every ten years and reassess their plant as part of a periodic safety review process. Significant events such 

as those at Chernobyl in 1986 and Fukushima in 2011 act as additional triggers for the global nuclear 

industry to take a step back and reassess if the systems and processes in place remain appropriate. 

The problems encountered on site at Fukushima Daiichi were the result of two extreme events; 

seismic and flooding. Whilst the electrical onsite generators were available to start and provided electrical 

power following the earthquake, the tsunami resulted in flooding of areas which resulted in the loss of 

functionality of switchboards and diesel generators. Unfortunately whilst some switchboards and some 

diesel generators remained available, there were no means to route power from surviving generators 

through switchboards to essential safety systems. It is important therefore to consider that the effects of the 

Fukushima events are not really about loss of diesels generators or loss of switchboards but rather the loss 

of the ability to supply power to essential safety functions. This is important because providing more 

diverse diesel generators may not help in a future event unless the whole essential electrical systems can be 

considered robust. 

This paper summarises the reviews that have been undertaken in the United Kingdom (UK), providing 

some insight into the recommendations that have been made by the UK nuclear regulator, the Office for 

Nuclear Regulation, before providing some examples of actions being taken by the UK industry in its 

response. 
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2. Reviews overseen by ONR in the year following the events at Fukushima 

 

In the United Kingdom (UK), immediately following the events, the Chief Nuclear Inspector of the 

Office for Nuclear Regulation (ONR) was requested by the UK Government to undertake a review of the 

events and the implications on the UK Nuclear Industry. This led to the publication of an interim report
1
 in 

May 2011, where twenty three recommendations were made – some directed at licensees and some at UK 

Government and some at ONR itself. A final report
2
 was published in September 2011, which took into 

account developing understanding as to what had occurred at Fukushima, and included an additional six 

recommendations. Of the total, two were focussed specifically at electrical systems ; IR-17 and IR-18. 

In parallel, the Stress Test process was developed by the European Nuclear Safety Regulators Group 

(ENSREG) on behalf of the European Council and in December 2011, ONR assessed the UK NPP 

licensees own assessments against this specification and compiled the UK National Report. From the stress 

test review
3
, nineteen stress test findings were placed on licensees where ONR considered that either the 

licensees’ own considerations for further review or enhancement were critically important or ONR did not 

consider they went far enough. Four findings (STF-8 – STF-11) related to electrical systems. In addition, 

ONR requested non-NPP licencees and prospective NPP licensees (i.e. those linked to new NPP 

construction) to participate in a similar process for their sites. In May 2012, ONR assessed and reported 

this review
4
. 

 

3. ONR Recommendations and Findings 

 

The follow section presents the recommendations and findings related to the power electrical aspects 

from each of the ONR’s reports and provides insight into why it came to those conclusions. 

 

3.1 Recommendation 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. 

 

Whilst loss of grid is considered a frequent event at all UK licensed sites and all licensees must have 

appropriate arrangements in place to ensure safe shutdown, cooling/and containment , it remains preferable 

to source electrical power from the offsite grid, providing such supplies remain stable and secure. It is 

recognised that the UK transmission network has changed over the last twenty years from the nationalised 

industry that existed when construction of the last nuclear power plant was started. Whilst grid reliability 

remains above 99.99%
5
, with a changing generation mixture and major asset replacement of the 

transmission network underway, it was considered appropriate that licensees, with the co-operation of the 

                                                      
1
 Japanese earthquake and tsunami: Implications for the UK nuclear industry – Interim Report. Office for Nuclear 

Regulation, ONR-FR-REP-11-002 Revision 1, May 2011 

2
 Japanese earthquake and tsunami: Implications for the UK nuclear industry - Final Report. Office for Nuclear 

Regulation, ONR-FR-REP-11-002 Revision 2, September  2011 

3
 European Council “Stress Tests” for UK Nuclear Power Plants, National Final Report. Office for Nuclear 

Regulation, December 2011 

4
 “Stress Tests” for UK non-Power Generating Nuclear Facilities, Final Report. Office for Nuclear Regulation, May 

2012 

5
 National Electricity Transmission System Performance Report 2012-2013, National Grid plc 
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transmission system operators, should review how robust the network and its ability to restore supplies are 

today. 

 

3.2 Recommendation 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. 

 

The potential for long term loss of offsite power was highlighted in the events at Fukushima. This 

recommendation was placed on UK licensees to consider whether in light of a reassessment of potential 

severe hazards, additional backup supplies should be provided. 

 

3.3 Finding 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. 

 

The events at Fukushima highlighted the potential desire following an extreme event to connect 

mobile generators and pumps. The connection and operation of such equipment was recognised as being 

difficult in conditions such as those experienced in Fukushima. This finding reflected that access around 

the plant following an extreme event may be very difficult. Where additional connection points to 

electrical systems are being proposed, this finding ensured that licensees considered their robustness 

against the extreme events being considered.  

 

3.4 Finding 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. 

 

Licensees impose operational minimum capacities for fuel and water tanks on-site based upon the 

requirements to maintain a minimum mission time for the system in accordance with the safety case. The 

stress test analysis confirmed that a 72 hour minimum operation was acheiveable on these systems. 

Reflecting the desire to reduce the reliance on offsite support, this finding placed an action on licensees to 

consider whether extensions to the mission times were practicable.. 

 

3.5 Finding 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. 

 

Fukushima serves as a reminder to the nuclear industry of the potential wide-reaching effects of 

common cause failures. ONR requested licensees to review all their safety significant prime-mover 

systems to identify any shared systems. A loss of a support system could affect the ability of multiple 

safety systems to perform their duty. Where such issues were identified, then licensees were requested to 

consider separating the systems. 
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3.6 Finding 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. 

  

This reflected that IR-17 placed an action on licensees to review with the Transmission System 

Operators (TSO), the reliability and integrity of the power transmission systems, whilst other IRs and the 

STFs ensured that the essential on-site electrical systems were as resilient so far as is reasonably 

practicable. This finding ensured that licensees adequately considered improvements to the resilience of 

electrical equipment, such as station transformers, which connect the two systems together. 

 

4. Licensees’ Actions 

 

All licensees have adopted a two fold response : i) immediate actions to improve the inherent 

resilience of the sites; and ii) long term reviews. Immediate actions have included plant walkdowns to 

ensure that the current arrangements such as intact or operable fire barriers, seismic housekeeping, 

relocation of portable equipment which could be subject to flooding, etc, are adequately enforced,.  

UK, licensees set themselves a target deadline for completion of the reviews, associated with the 

above recommendations and findings, along with the majority of any resulting invasive implementations of 

the three year anniversary following the events at Fukushima, namely March 2014.  

ONR will shortly be formally assessing licensees final reports on the actions implemented and the 

justification provided for closing out each of the recommendation and findings. However, through early 

engagement with licensees and monitoring of the implementation of actions taken, we understand the 

approaches they are taking; these can be best summarised in the case of operational power plants by the 

following four approaches : 

 

1. Additional on-site emergency equipment 

 

• Provision of small portable generators stored in a robust location to be used to support 

targeted instrumentation and pumps 

• Additional portable de-watering pumps 

• Excavators and debris removal equipment 

• Satellite telephones for resilient communication to offsite locations 

 

2. Modifications on site to existing installations to provide additional resilience 

 

• Provision of additional flood barrier surrounding Dungeness B 

• Dam boards to protect essential buildings 

• Review of flood protection of cable and pipework penetrations to essential buildings 

• Installation of Passive Autocatalytic Recombiners at Sizewell B 

 

3. Provision of offsite backup equipment to be deployed to site following a severe event 

• Provision of Pumps, Generators, Instrumentation, Emergency Control and Communications 

equipment located at strategic offsite locations 

• Emergency Response Centre for Sizewell B 

• Provision of suitable vehicles to transport equipment to site over rough terrain 
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4. Provision of event qualified connection points to support the backup equipment and longer 

term restoration 

• Identification of essential systems requiring restoration (water, CO2, electrical) 

• Identification of resilient connection points against postulated hazards with significant 

margins 

• Suitably routed and resilient connections 

 

Summary 

 

The problems encountered on site at Fukushima Daiichi were the result of two extreme events; 

seismic and flooding. It is important to note that the effects of the Fukushima events are not about the loss 

of diesels generators or loss of switchboards but were a combination of both these factors that lead to the 

loss of the ability to supply power to essential safety functions. This is an important point since additional 

diesel generators on their own may not solve the problem. 

The Office for Nuclear Regulation in the UK has undertaken a series of assessments of UK NPPs with 

the co-operation of the UK licensees. These highlighted a number of areas where ONR recommended UK 

licensees should consider further review. UK NPP licensees have taken the lessons learned from 

Fukushima and combined with the activities taken to address ONR recommendations are taking action to 

improve the resilience of the UK nuclear power plants. This is being achieved through both modifications 

on-site and the provision of off-site backup equipment. 
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