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Abstract 

The essential electrical systems of reactor designs have developed progressively with an increased 

focus on the use of redundant, segregated and independent safety system equipment ‘trains’. In this 

arrangement, essential safety functions associated with safe shutdown and cooling of the reactor are 

replicated on near identical electrical systems with each of the trains of safety system equipment supported 

by a fully rated standby generator. 

Development in designs has seen the number of trains increased to enable maintenance to be 

undertaken with reactors at power, improving the economics of the units whilst maintaining nuclear safety. 

This paper provides a background to common cause failure and provides examples where supporting 

guidance and international experience is available. It also highlights the regulatory guidance available to 

UK licensees. 

Recent examples of common cause failures on plant in the UK are presented together with an issue 

identified during the recent Generic Design Assessment review of new reactor designs within the UK. It 

was identified that one design was claiming a very low probability of failure associated with the loss of a 

single break and no-break voltage level, orders of magnitude below the target figure within ONR’s Safety 

Assessment Principles. On closer scrutiny it was established that a significant safety function provided 

from identical low voltage switchboards would be lost in the event of a common cause failure affecting 

these boards. 

The paper will explain the action that has been taken by the requesting party to improve the resilience 

of the design and how this impacts on the ONR reliability targets for reactor designs within the UK. 

 

1. Introduction 

The events at Fukushima Daiichi in March 2011 are classic examples of Common Cause Failure. 

Seismic and flooding events have long been recognised as a significant risk to electrical systems used to 

support safe shutdown and post-trip cooling of nuclear power plants.  On this occasion, the effect was the 

inability to provide electrical power from either any of the off-site supplies or the on-site generators. This 

paper will remind the reader of what constitutes common cause failure  and why it is more encompassing 

than the more widely used term common mode failure. It will provide background on the information that 

is available to support UK licensees and describe some recent events in the UK which have challenged the 

resilience of the common cause failure arrangements. 
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2. Guidance 

The International Atomic Energy Agency (IAEA) provides the following useful definition of 

Common Cause Failure (CCF)
1
: 

 

Failure of two or more structures, systems or components due to a single specific event 

or cause. For example, a design deficiency, a manufacturing deficiency, operation and 

maintenance errors, a natural phenomenon, a man-induced event, saturation of signals, 

or an unintended cascading effect from any other operation or failure within the plant 

or a change in ambient conditions. 

 

Common mode failure is defined by the IAEA as: 

 

Failure of two or more structures, systems or components in the same manner or mode 

due to a single event or cause. i.e. common mode failure is a type of common cause 

failure in which the structures, systems or components fail in the same way. 

 

Requirement 24 of IAEA Specific Safety Requirement SSR-2/1
2
 states that the “design of equipment 

shall take due account of the potenial for common cause failures”. There are also numerous guidelines for 

the analysis of CCF for probabilistic safety assessment
3
 and protecting digital I&C systems

4
. This 

definition highlights  that common mode failure is in effect considered to be a subset of common cause 

failure that considers the failing occurring through the same mechanism.  

In the UK, the Office for Nuclear Regulation (ONR) provides guidance within a section of its Safety 

Assessment Principles
5
 (SAPs) entitled “Design for Reliability”. This section gives expectations on the 

level of robustness that we expect for systems, considering both common cause failure and the single 

failure criterion, providing specific principles that are expected to be targetted. The section states: 

 

The design should incorporate redundancy to avoid the effects of random failure, and 

diversity and segregation to avoid the effects of common cause failure. Examples of 

diversity are different operating conditions, different working principles or different 

design teams, different sizes of equipment, different manufacturers, different 

                                                      
1. “IAEA Safety Glossary”, IAEA, 2007 

2
.“Safety of Nuclear Power Plants: Design”, Specific Safety Requirement SSR-2/1, IAEA, 2012 

3
. “Procedures for conducting common cause failure analysis in probabilistic safety assessment”, IAEA-TECDOC-

648, IAEA, 1992 

4
.“Protecting against Common Cause Failures in Digital I&C Systems of Nuclear Power Plants”, NP-T-1.5, IAEA, 

2009 

5
. “Safety Assessment Principles for Nuclear Facilities”, Office for Nuclear Regulation, 2006 Revision 1 
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components, and types of equipment that use different physical methods. The design 

should also be tolerant of random failure occurring anywhere within the safety systems 

provided to secure each safety function. 

 

One specific principle, EDR.3, states: 

 

Common cause failure (CCF) should be explicitly addressed where a structure, system 

or component important to safety employs redundant or diverse components, 

measurements or actions to provide high reliability.  

 

In the supporting paragraphs, it advises that CCF claims should be substantiated, with claims for CCF 

no better than one failure per 100 000 demands, or equivance for a continuously acting system. This figure 

is based on a judgement by ONR of the best limit that could reasonably be supported for a simple system 

using currently available data and methods of analysis. It is indicated that a worse figure may need to be 

used, of say 1 per 10 000 or 1 per 1000, according to the complexity and novelty of the system, the nature 

of threat and the capability of the equipment. It also concedes that the continuing accumulation of good 

data and advances in analysis could lead, in exceptional circumstances, to a situation where a strong case 

could be made by the duty holder for better figures. In final advice, the SAPs indicate that where required 

reliabilities cannot be achieved due to CCF considerations, the required safety function should be achieved 

taking account of the concepts of diversity and segregation, and by providing at least two independent 

safety measures. 

 

3. International Activity 

 

In terms of the statistics and high level event causes of CCF, there are a number of useful sources to 

add a world context to CCF. Below are just some examples. The Organisation for Economic Co-operation 

and Development (OECD)/Nuclear Energy Agency (NEA) through the International Common-Cause Data 

Exchange (ICDE) project has sought to: 

 

 collect and analyse CCF events over the long term so as to better understand such events, 

their causes, and their prevention; 

 generate qualitative insights into the root causes of CCF events which can then be used to 

derive approaches or mechanisms for their prevention or for mitigating their 

consequences; 

 establish a mechanism for the efficient feedback of experience gained in connection with 

CCF phenomena, including the development of defences against their occurrence, such 

as indicators for risk based inspections; 

 generate quantitative insights and record event attributes to facilitate quantification of 

CCF frequencies in member countries; and 

 use the ICDE data to estimate CCF parameters. 

 

To date this has considered diesel generators, motor-operated valves, batteries, control rod drives and 

circuit breakers. The Nuclear Regulatory Commission (NRC) has collated and analysed CCF events from 
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the United States of America in the Common Cause Failure Database, coding and classifying events. As 

part of of this, NRC have selected the following specific topics; Emergency Diesel Generators, Motor-

Operated Valves Pumps and Circuit Breakers. 

Additional events can be extracted from the joint IAEA/NEA Incident Reporting System (IRS) 

database. 

 

4 Recent Experience in the United Kingdom 

 

From the international definitions, UK guidance and research undertaken by the OECD amongst 

others, the issue of common cause failure is something widely recognised. And whilst it is considered that 

the big issues have largely been identified and addressed on legacy plant, it is recognised that this is not an 

issue that has been completely designed out of existing plant. The following are some recent examples 

from the United Kingdom. 

At one site, the emergency generators are located in a single building with internal barriers to provide 

fire segregation. A single fire fighting distribution system feeds a fixed jet system for each generator. 

During routine testing of the system for one generator, the flow was detected as a transient by the flow 

switches of two of the systems which protect the remaining generators. Since these generator control 

systems considered their respective fire fighting systems had operated, they inhibited the ability to start 

them. The problem was immediately detected through alarms in the control room. Once the cause had been 

identified and confirmation made that the fire system had not actually operated, the generators were started 

and synchronised to demonstrate the availability of all the site generators. In this event, two generators 

remained available at all times, which is the minimum declarable condition in the safety case, and it should 

also be recognised that additional levels of electrical generators and diesel driven feed pumps remained 

available. But this event serves as a reminder as to how a single event can render multiple plant 

unavailable, even if for a short period. The system has since been modified by the licensee to prevent a 

reoccurrence. 

A similar event occurred at another site with a similar arrangement of multiple gas turbines in a single 

building. During a post-maintenance test run of a gas turbine, the fixed jet fire system operated. Due to the 

time taken to isolate the discharge, flooding was caused to the building drawing water into the air duct of 

the running GT alternator. As a result of the flooding, the availability of the remaining three GTs was 

challenged requiring a controlled shutdown.  

It should be noted that in each of above, whilst a complete line of defence could have potentially been 

lost, safe shutdown and cooling of the reactors would still have been assured by other systems on-site 

which were not affected. 

However, these issues are not just confined to legacy systems. A deterministic sensitivity study 

undertaken during the recent GDA process of the UK EPR identified potentially severe consequences to 

the plant from the postulated loss of the 690V emergency supply or 400V uninterruptible supply. As a 

result of the sensitivity study, a detailed approach was adopted by the requesting party for the initiating 

events of loss of 690V switchboards and loss of 400V switchboards based on: 

 

 Identification of SSC/Safety Functions used in normal operation and impacted by the 

initiating event 

 Presentation of proposed design modifications to cope with the fault 
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 Identification of required and available mitigation safety features/SSCs 

 Proposed mitigation strategy taking into account the proposed design changes 

 The detailed assessment determined design changes which included changing the 

operating voltage of some 690V equipment to 400V 

 design change to modify some key plant actuators to operate from the 220V DC system 

 

In both cases, this would provide a diverse source of supply for key safety functions. Even with the 

above modifications, the claimed failure frequency of the remaining loads on the 400V uninterruptible 

power supply is 7.8x10
-7

 per year. SAP EDR 3, discussed above, places a limit on any single technology of 

1x10
-5

 per year unless a strong case can be by the duty holder for better figures. Due consideration has 

been given within ONR as to whether an acceptable case could be made. We determined that subject to any 

Licensee meeting the following, the case was acceptable: 

 

 The detailed design of the main switchboards, cables and supporting technology 

demonstrates that the system is simple and very robust. 

 An ALARP analysis is undertaken by the Licensee at an early stage of detailed design to 

judge whether it is reasonably practicable to provide a diverse manufacturer of 

equipment for two out of the four trains. 

 The detailed design analysis should show that sustained damage to the downstream 

switchboards from a major failure of the invertors which renders them unable to function 

can be ruled out deterministically. 

 Through life support is at a level commensurate with the very high integrity required of 

the system. 

This work is still ongoing by the licensee of the first proposed UK EPR at Hinkley Point C to close 

out this aspect. 

 

Summary 

 

Common Cause Failure is something that has been recognised for many years and designed out of 

many legacy systems through diversity, segregation and separation. This paper has shown that Guidance is 

available both from the IAEA, as well as national regulatory bodies. Information on CCF in relation to 

specific equipment types is available from a number of organisations such as OECD or NRC. However, we 

must never be complacent. There will still be plant safety systems out there which is not resilient against 

CCF – whether due to changes in the nature of a hazardous event, the way in which the equipment is 

operated or maintained, or in the design. With the increased reliance on electrical systems to support C&I 

systems in shutdown and post-trip cooling, it is important that new reactor designs are given the depth of 

analysis appropriate to ensure resilience against CCFs. 
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