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SKI-perspective 

Background 

The study carried out within the framework of this project is a continuation of work 
conducted for SKI in 1998 on the identification of Common Cause Initiators based on 
operational events documented in the NEA Incident Reporting System (IRS). This project 
covered the events reported in the IRS database with the incident date in the period of 1980-
01-01 – 2006-11-15.  

The events of highest concern in nuclear power plants today are the dependent events, where 
a single event or a single cause initiate a disturbance with impact across redundant systems 
and, indeed, throughout a plant. Several such events have been observed in the past, often 
related with support systems, electrical systems, etc. 

Dependent events are usually ranked the highest on the safety significance scale, due to their 
potential impact on the risk. Risk contribution from independent (random) events is typically 
less significant and generally easier to assess. 

Among groups of dependent events that are occurring in NPP:s, a particular group of 
initiating events, called Common Cause Initiators, is of special interest. Those events are not 
just causing a disturbance in plant operation, but also degrade or even disable the function of 
a safety system that is needed to cope with the disturbances. Such events are often traced back 
to support systems, electrical distribution and I&C systems, secondary impact (pipe breaks), 
etc. Those are the areas where today’s plants may still be vulnerable or have an unrevealed 
safety deficiency. Moreover, most of the today’s plant specific PSA are relatively weak in 
modelling CCI:s, thus potentially neglecting an important risk contributor. 

Scope 

Based on the new operational experience accumulated in IRS in the period 1995-2006, the 
project focuses on the identification of new CCI events. An attempt is also made to compare 
the observations made in the earlier study with the results of the current work, in particular 
regarding the potential dependency mechanisms and plant systems/areas that are most 
susceptible to dependent failures. 

International event reporting systems are important sources of information on problems 
related with CCIs. Events reported there are usually those that are judged to be the most 
serious ones, and may be containing the information on actual events or interesting 
precursors. By performing deeper and systematic evaluation of these occurred events, the 
knowledge and behaviour about these events are enhanced and for many persons new lessons 
to be learnt.  

Result 
Events of CCI type occur in operational NPP:s. Majority of operational events documented in 
the IRS database are complex events that include many occurrences both consequential and 
random. Most of these events are accident precursors. The events that involve consequential 
(dependent) degradation of the mitigation systems (the required attribute of CCI) are 
relatively rare events. 
The analysis of operational events provided useful engineering insights regarding the 
potential dependencies that may originate in CCI:s. Some indications were also obtained on 
the plant Systems Structures Components/areas that are susceptible to common cause failures. 
Some of the following observations have been made: 



- Direct interrelations between the accident mitigation systems through common support 
systems. This observation made in the earlier CCI study was confirmed in the current 
project 

- The most important contributors of this type are electrical power supply systems and 
I&C systems. One of the mechanisms contributing to the degradation of the in-house 
electrical power supply systems is associated with malfunctions or spurious operation 
of the equipment protection devices/systems. 

- Area-related events such as internal fires, flooding, water spray, and steam jet have 
also been found to be important sources of dependency. 

- Another dependency mechanism is related to human factors, non-conservative 
planning of maintenance (one of the issues identified in the project) and errors of 
commission. 

Impact on the operation of SKI 
This report is an update of an earlier SKI Report 1998:9. Some earlier observations made, still 
confirm the presence of dominant dependency mechanisms involved in CCI events. 
Knowledge about repeating failures and failure mechanisms, there occurrence rates and 
trends. If these events are of the dependent type, they must be an important source of 
information in the regulatory and safety work. Lessons learnt will be widely spread to assert 
for an enhanced use of operating experience feedback in e.g., regulatory matters.  

Continuing work within the research area 
There are still needs for deeper analysis of some very tricky events in the AIRS database. 
Mostly due to the fact that this information source still summarize events on a rather general 
level. Detailed information about the events has to be found from experts at the origin of the 
plants. 

Project information 
Research administrator at SKI has been: Ralph Nyman. 
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Earlier published reports related to the topic of this research project are: 

- SKI/RA-023/97 

- SKI Report 1998:9, Identification of Common Cause Initiators in IRS Database, 
February 1998. 

 

 



Research

SKI Report 2007:37

Identification of Common Cause Initiating 
Events Using the NEA IRS Database
Rev 0

Maciej Kulig - Enconet Consulting
Auhofstr 58, 1130 Vienna, Austia

Bojan Tomic - Enconet Consulting
Auhofstr 58, 1130 Vienna, Austria

Ralph Nyman - Swedish Nuclear Power Inspectorate
SE-10658 Stockholm, Sweden 

February 2007

This  report  concerns  a  study  which has 
been  conducted  for the Swedish Nuclear 
Power  Inspectorate  (SKI). The conclusions 
and viewpoints presented in the report are 
those of  the  author/authors  and  do not 
necessarily coincide with those of  the SKI.





Page 8 

Table of contents 

Summary................................................................................................................................... 9

Abbreviations.......................................................................................................................... 10

Introduction ............................................................................................................................ 12
Common Cause Initiators – Technical Background......................................................... 12 

Project Objective .............................................................................................................. 13

Scope................................................................................................................................. 13 

1 General approach to event database review ................................................................ 14
1.1 Basic definitions ...................................................................................................... 14 

1.2 Attributes of the database search ............................................................................. 15 

1.3 Events of interest in the database search ................................................................. 15 

2 Techniques used in database search ............................................................................. 17
2.1 Basic concept ........................................................................................................... 17 

2.2 Code-based search ................................................................................................... 17 

2.3 Key word search ...................................................................................................... 18 

2.4 Manual search.......................................................................................................... 19 

3 Results of the review....................................................................................................... 20
3.1 Overview of the search results................................................................................. 20 

4 Integration of results with 1998 SKI project................................................................ 28
4.1 Structure of CCI data sample................................................................................... 28 

4.2 Categorization aspects ............................................................................................. 29 

5 Conclusions...................................................................................................................... 33
5.1 General conclusions................................................................................................. 33 

5.2 CCI identification .................................................................................................... 33 

5.3 Engineering insights from the study........................................................................ 34 

6 Appendix A...................................................................................................................... 36

7 Appendix B ...................................................................................................................... 73

8 Appendix C...................................................................................................................... 83



Page 9 

Summary

The study presented in this report is a continuation of work conducted for SKI in 1998 on the 
identification of Common Cause Initiators (CCIs) based on operational events documented in 
the NEA Incident Reporting System (IRS). Based on the new operational experience 
accumulated in IRS in the period 1995-2006, the project focused on the identification of new 
CCI events. An attempt was also made to compare the observations made in the earlier study 
with the results of the current work. The earlier study and the current project cover the events 
reported in the IRS database with the incident date in the period from 01.01.1980 to 
15.11.2006.

The review of the NEA IRS database conducted within this project generated a sample of 
events that provides insights regarding the Common Cause Initiators (CCIs). This list includes 
certain number of ‘real’ CCIs but also potential CCIs and other events that provide insights on 
potential dependency mechanisms.  

Relevant characteristics of the events were analysed in the context of CCIs. This evaluation 
was intended to investigate the importance of the CCI issue and also to provide technical 
insights that could help in the modelling the CCIs in PSAs. The analysis of operational events 
provided useful engineering insights regarding the potential dependencies that may originate 
CCIs. Some indications were also obtained on the plant SSCs/areas that are susceptible to 
common cause failures. 

Direct interrelations between the accident mitigation systems through common support 
systems, which can originate a CCI, represent a dominant dependency mechanism involved in 
the CCI events. The most important contributors of this type are electrical power supply 
systems and I&C systems.  

Area-related events (fire, flood, water spray), external hazards (lightning, high wind or cold 
weather) and transients (water hammer, electrical transients both internal and external) have 
also been found to be important sources of dependency that may originate CCIs. 
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Abbreviations  

(Applicable to the main report and appendices) 

AC Alternate Current 

AFW Auxiliary Feedwater 

CCF Common Cause Failure 

CDF Core Damage Frequency 

CCI Common Cause Initiator 

CCS Component Cooling System 

CR Control Rod 

CS Condensate System 

CSI Core Spray Injection 

CCW Condenser Cooling Water 

DC Direct Current 

ECCS Emergency Core Cooling System 

EDG Emergency Diesel Generator 

FMEA Failure Mode and Effect Analysis 

EFW Emergency Feedwater 

ELUPS Emergency Lighting Uninterruptible Power System 

EPS Electrical Power Supply (house load) 

ESD Enhanced Shutdown System (GCR plant) 

ESFAS   Engineered Safety Features Actuation System 

HE Heat Exchanger 

HELB High Energy Line Break 

HP High Pressure 

HV High Voltage 

IE Initiating Event 

LOCA Loss of Coolant Accident 

LOOP Loss Of Off-site Power 

LP Low Pressure 

MCR Main Control Room 

MFW Main Feedwater System 

MS Main Steam 

NPP Nuclear Power Plant 

NRC Nuclear Regulatory Commission 

P CCI Potential CCI 
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PCS Power Conversion System 

PSA Probabilistic Safety Analysis 

PWR Pressurized Water Reactor 

RCS Reactor Coolant System 

RCS Reactor Coolant System 

RHR Residual Heat Removal 

ROP Regional Overpower (LHWR plant) 

RPVHS Reactor Pressure Vessel Head Spray (BWR) 

SI Safety Injection 

SLB Steam Line Break 

SPC Suppression Pool Cooling (BWR) 

SSC Structures, Systems and Components 

SW(S) Service Water (System) 

VVER PWR of Soviet design 

ULSD Ultra-low-sulphur diesel 
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Introduction 

The study carried out within the framework of this Project is a continuation of work 
conducted for SKI in 1998 on the identification of Common Cause Initiators based on 
operational events documented in the NEA Incident Reporting System (IRS) [1, 2]. This work 
covered the events reported in the IRS database with the incident date in the period of 
01.01.1980 – 31.12.1995. The current Project addresses the events that occurred between 
01.01.1995 and 15.11.20061.

The objectives and scope of the both projects are similar. Also similar is the approach to IRS 
database search and methodology for the analysis of events. These subjects are briefly 
described in the following sections of this report. 

Common Cause Initiators – Technical Background  

The Common Cause Initiators are the operational events that cause a disturbance in plant 
operation requiring some form of controlling or mitigation action and also degrade or even 
disable the function of a safety system that is needed to cope with disturbances. Such events 
involve dependencies of various types and are often traced back to support systems, electrical 
distribution and I&C systems, secondary impact (pipe breaks), etc. 

These events are of high safety concern in nuclear power plants. Dependent events are usually 
ranked the highest on the safety significance scale, due to their potential impact on the risk. 
These events are also more difficult to model in probabilistic safety assessment (PSA). Risk 
contribution from independent (random) events is typically less significant and generally 
easier to assess. 

The project conducted for SKI in 1998 [1, 2] showed that such dependent events occurred in 
the plant operation history. The analysis of events collected in the IRS database provided 
useful insights regarding the dependency mechanisms and systems or plant areas susceptible 
to dependent failures. These insights help in understanding the subject of CCIs and, in 
consequence, in the modelling of such dependencies in PSA.  

Considering the importance of CCI events the SKI decided to repeat a study similar to that 
performed in 1998. It focuses on the identification of actual operational occurrences of CCIs 
type on the basis of international operational experience collected in the IRS database. In 
particular, the project is intended to provide guidance on where more investigations may be 
warranted to enhance the considerations and the modelling of CCIs in PSA. 

                                                          
1 There is an overlapping period of one year to ensure that no events are missed due to potential delay in the 
reporting process as well as changes in the IRS database organization and/or numbering 
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Project Objective  

The objective of this Project is similar to the earlier project conducted for SKI in 1998 [1, 2]. 
It concentrates on gathering practical insights relevant for the identification of Common 
Cause Initiators (CCIs) based on event data available in the NEA Incident Reporting System 
(IRS) in the period of 1995 – 2006. The project is intended to investigate the applicable 
dependency mechanisms, type of direct and root causes of dependent occurrences, and 
systems/plant areas that are typically involved in CCI events. Insights from this investigation 
are expected to improve the understanding of CCIs, and, in consequence, their consideration 
in safety assessment of nuclear power plants and in particular plant specific PSA. 

Scope

The scope of the study is the same as that of the earlier pilot study on CCI related issues [1, 2] 
which generated a list of CCI candidates and provided some practical insights that could help 
improving the understanding of the issue.  

Based on the new operational experience accumulated in IRS in the period 1995-2006, the 
project focuses on the identification of new CCI events. An attempt is also made to compare 
the observations made in the earlier study with the results of the current work, in particular 
regarding the potential dependency mechanisms and plant systems/areas that are most 
susceptible to dependent failures. 

The main issues addressed within the scope of this project include: 
- Extending the preliminary list of CCI event candidates generated in the previous pilot 

study [1, 2]; 
- Gathering additional experience in searching the IRS database for CCIs and formulating 

further guidance on CCI search strategy;
- Categorization of the identified CCI candidates;
- Comparison of the CCI candidates with EPRI list of Initiating Events; 
- Identification of CCI groups of high concern; 
- Providing further guidance on the scope and direction of further work in the area of CCIs. 
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1 General approach to event database review 

1.1 Basic definitions 

The following definition is used in this report for Common Cause Initiator:  

Common Cause Initiator (CCI)
Common Cause Initiator is an event that causes simultaneous (or consequential) occurrence of 
an Initiating Event (IE) and functionally degrade or disable system(s) that are designed to 
cope with this initiator (mitigation systems). 

Several elements of this definition deserve further explanation in the context of probabilistic 
safety assessment. They are discussed below. 

Initiating event is a postulated event that creates a disturbance in a plant requiring some form 
of controlling or mitigation action, either manual or automatic. Such disturbances always lead 
to a perturbation in the heat production-removal balance of the plant and, depending on the 
successful operation or failure of various mitigation systems, have potential to lead to core 
damage. 

It is worth noting that IE applicable to at-power plant operational states involve reactor trip. 
This is not the case for IEs that occur during shutdown. In the latter case the IEs typically 
involve disturbances affecting directly or indirectly the essential safety functions needed at 
shutdown such as the loss of coolant inventory, loss of cooling system, or loss of support to 
relevant systems. 

Mitigation system is a plant system involved in providing a safety function that is required to 
cope with an initiating event. The mitigation system is closely associated with a specific IE 
under consideration. It is worth noting that mitigation systems credited in PSAs are not 
limited to safety systems; in many cases they include safety related systems or normal 
operation systems and support systems required for successful operation of these systems.  

The concept of IE and mitigation system is closely associated with the event tree (ET) 
methodology. IE is the first element of an accident sequence definition followed by events 
related to success or failure of the required safety functions (functional ET) or of the related 
mitigation systems (systemic ET).  

IEs originate from random failures of plant hardware (internal IE) or failures induced by 
hazards (internal or external). Therefore, they are always associated with a change in the 
hardware state of the plant. In a PSA the plant status determined by an IE is usually explicitly 
reflected in the related ET/FT plant logic model. In this approach the IE and the related logic 
elements of the ET/FT model are treated as independent events. Non-revealed dependencies 
between an IE and the related plant logic model elements will not be treated correctly and 
may lead to a considerable underestimation of the risk. That is the reason why CCIs are 
important and should not be overlooked. 
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1.2 Attributes of the database search 

The definition of CCI discussed in Section 2.1 determines the basic attributes of the events 
that should be looked for in the event database. They include the following characteristics of 
the event:  

(1) Effect of the event on plant operation; 

(2) Degradation of safety significant SSCs; 

(3) Failure type/mode of safety significant SSCs. 

Effect of the event. CCI candidates should involve an initiating event. For events that occur at 
power the reactor trip is a necessary attribute since a sequence of occurrences initiated by any 
IE considered in PSA (including ATWS sequences) will finally end up with the reactor trip 
(automatic or manual). For IEs that occur at shutdown this is not the case (see Section 2.1). 

Degradation of safety significant SSCs. In addition to an IE, one or more occurrences leading 
to functional degradation of the systems significant to safety should occur. The list of such 
systems should be narrowed to include only the systems involved in the mitigation of the 
specific IE (as credited in a PSA). 

Failure type/mode. Dependency between the IE and at least one of the occurrences that causes 
a degradation of the mitigation systems associated with the IE is a necessary attribute of CCI 
events.

It is worth noting that the dependency between an IE and consequential degradation of 
relevant mitigation systems may be of two types - (i) direct or (ii) indirect.  

Example of the first type is a RCS LOCA, which is an IE, and which due to its direct impact 
may degrade ECCS system that is needed for mitigation of LOCA accident.  

Representatives of the second type are the situations/events in which one occurrence (failure 
of hardware or human error that is not IE itself) induces an IE and has a direct impact on the 
required mitigation system(s). Situations/events that involve internal hazards (fire and flood) 
are typical representatives of this type.  

1.3 Events of interest in the database search 

According to the definition of CCI (Sections 2.1) a CCI event needs to have three relevant 
attributes: (i) involving an IE, (ii) leading to a degradation of mitigation systems relevant for 
this IE, and (iii) occurrences that cause the degradation of the relevant mitigation system(s) 
being dependent on the IE. 

Incidents reported in the IRS database are typically complex events that involve initiating 
event and degradation of several SSCs. Since by definition the IRS is focused on safety 
significant events/conditions only such events are selected for reporting in the IRS. However, 
the majority of events included in the IRS database are those that involve IE and several 
occurrences that cause degradation of mitigation systems but are not dependent on the IE. 
They have the first two attributes mentioned in Section 2.2. 

Typically, the occurrences involved in these complex events (incidents) are either hardware 
failures that occurred before the IE (in standby systems) or are random faults (i.e. independent 
of the IE) that occur after the IE (e.g. failures of hardware to operate on demand or human 
errors in response to accident sequence originated by an IE). These complex events are 
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considered as precursors of accident sequences leading to significant consequences (Accident
Sequence Precursors).

It needs to be noted that certain number of IRS reports address issues that do not involve any 
IE. Typically, these reports describe degraded plant conditions identified during maintenance, 
testing or inspection. Some of the reports are dedicated to generic safety issues. Usually these 
reports are derived based on experience from several plants or address several events of 
similar type. 

The review of IRS database to be conducted within the Project is intended to include 
investigation of all reports that may provide useful insights related to CCIs. It should be noted 
that the best source of information on the CCIs are real operational events of this type. 
However, as shown by the previous SKI project [1, 2], real Common Cause Initiators that are 
subject of interest in this Project are only a relatively small fraction of incidents reported in 
the IRS database. These events will be the main focus of the review. However, the review 
should also address other events (or issues) reported in the IRS database that could provide 
some useful insights related to the subject. 

The IRS review performed within this study included also the incident reports that provide 
information on potential CCIs or those that address only a specific aspect related to the 
subject, e.g. potential dependency mechanism or common cause failure mechanism within 
the same system or a group of identical components. Further explanations and discussions of 
these technical terms are provided below. 

Potential CCIs (P CCIs) 
Potential CCIs are the events that involve IE and consequential degradation of some systems 
(dependent on the IE). However, the degraded systems are not relevant from the point of view 
of accident mitigation for this specific IE. Nevertheless, such events may disclose strong 
dependencies that in other conditions (or in plants with different design features) may lead to 
a degradation of mitigation systems. These events may be considered as potential CCI 
events.

Potential dependency mechanism (PDM) 
Events that cannot be considered CCIs or potential CCIs but nevertheless involve occurrences 
with significant dependencies are also addressed in this study. The related IRS reports may 
provide insights on potential dependencies which in other plant conditions may originate a 
CCI. Typical representative of this group are (i) events that involve dependent occurrences 
but not led to IE, and (ii) degraded plant conditions that have a potential to lead to dependent 
occurrences causing an IE and at the same time degrading relevant mitigation systems. 

Common Cause Failures 
Events that involve dependent failures within the same system or a group of identical 
components (Common cause Failures) are also considered an additional source of information 
on the CCIs. In this study IRS reports that address CCFs or potential CCFs are analysed with 
regard to related coupling factor. It is expected that in some cases this may lead to 
identification of dependencies of new type that in specific plant conditions may originate a 
CCI.

It is worth noting that CCFs are modelled in PSA, to represent ‘residual’ dependencies (due to 
non-revealed causes) that cannot be modelled in a direct way. Typically, this model is applied 
to identical components. Dependencies addressed in CCFs belong to a broader group as 
compared to those considered in this study as PDM type. Potential coupling factors covered in 
CCF model include design, fabrication, maintenance, etc., i.e. factors that are not expected to 
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have significant impact on multiple systems. Originating events of CCI type due to these 
dependencies is less likely.

2 Techniques used in database search 

2.1 Basic concept 

CCI attributes described in Section 2.2 provide a framework for establishing a basic concept 
of event database search. Coding available in the IRS database makes it possible to perform 
an automatic (computerized) search with regard to the first two attributes i.e. presence of IE 
(attribute 1) and the degradation of plant system (attribute 2). However, the capabilities of 
automatic search are limited with regard to the CCI identification.

Presence of the reactor scram that is the required attribute for IE for at-power operational 
states (attribute 1) can be addressed by automatic search of the database. IE applicable to 
shutdown operational states cannot be identified in this way; in this case more detailed 
analysis of degraded plant systems (attribute 2) needs to be performed. The required input for 
this evaluation is event description. Code based automatic search for a degradation of safety 
significant items (SSCs) may help in reducing the number of events subject to detailed 
investigation.

Providing information on the type of the IE involved using an automatic search is very 
limited. Search for the type of degraded systems/equipment (attribute 2) is not capable to 
narrow the list of systems to those involved in the mitigation of the specific IE. Investigations 
of this type have to be carried out manually based on event description (abstracts or full 
reports, if needed).

Possibilities to apply an automatic search for the type/mode of failure (attribute 3) are also 
very limited. A code-based search is not possible. A text-based search for key words may be 
helpful to identify presence of common cause/mode failures but capabilities of this search are 
limited in revealing the more sophisticated dependencies.

IRS database search implemented for the purpose of this project included several steps. Two 
reviews, one using the IRS coding system and another using a key-word search in the abstract 
description of the events were applied. The events identified in these two steps were 
investigated manually based on event descriptions (reading the abstracts or full reports). 

Basically, the approach to database search was similar to that applied in the earlier study 
performed for SKI in 1998 [1, 2]. However, more attention was given to detailed analysis of 
events based on information provided in abstracts or full reports. Screening of events based 
on the event titles alone was reduced to a minimum. 

2.2 Code-based search 

Two code-based automatic searches were carried out as a first step of the database 
analysis/screening. In the first search all events with the reactor scram were selected. The 
second step was an independent search of the whole database for events that involved at least 
one failure or degradation of safety-related systems. Results of these two searches were 
combined. All new events identified in the second step were added to the event list generated 
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in the first step, so the generated set of items included events with either the scram or the 
degradation of essential safety-related systems, or both. 

The first step of code-based search was carried out using the two codes (related to the effect 
of event on operation):

- Code 6.1.1 (Automatic reactor scram) and  

- Code 6.1.2 (Manual reactor scram). 

The second step was intended to identify the degradation of plant (‘failed/affected systems’). 
It addressed plant systems important to safety and selected support systems. The codes used 
in the second step included: 

- Items important to safety (code 1.2), 
- Essential reactor auxiliary systems (code 3.B), 
- Essential service systems (code 3.C), 
- Electrical systems (code 3.E), 
- HVAC systems (code 3.H), 
- Service auxiliary systems (code 3.K). 

2.3 Key word search 

Key-word search in the abstracts of the reports was intended to identify events that involve 
occurrences with potential dependencies. The key-words selected focus on identification of 
dependent occurrences/failures and on the items/system that are likely to be associated with 
dependent failures. The following key-words were used: 
- common mode, 
- common cause, 
- potential to affect, 
- multiple safety systems, 
- multiple trains, 
- clogged,
- pipe whip, 
- instrument* failure, 
- instrument* drift, 
- drift, 
- strainer,
- ventilation,
- service water, 
- auxiliary feedwater, 
- service water, 
- power supply, 
- AC power. 
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The new events (reports) identified in this step were screened out based on event title in order 
to eliminate events which are irrelevant from the point of view of CCIs. The remaining events 
were added to the list of events selected in the two code-based searches. This list was subject 
to a detail review based on the description of event provided in abstract or full report, if 
needed.

2.4 Manual search 

Manual search based on event description was applied to events identified through automatic 
search (code-based and key-word searches) to eliminate events that were not CCI event 
candidates. Elimination of events in this step required a more careful analysis of each event 
based on event description. Practically, all items identified in the code-based search and 
selected events generated by the key-word search were subject to in-depth evaluation using 
information provided in the event description (abstract or full report, if needed). 

Analysis included identification of direct cause of each event and relevant occurrences 
involved including an initiating event. Systems involved in the event (and their degradation) 
were identified. Events had to be scrutinized very carefully in order to identify elements 
relevant from CCI point of view. Important element of this analysis was the identification of 
dependencies between the IE and other occurrences. In most cases it was a difficult and time-
consuming task. 
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3 Results of the review 

Total number of reports in the IRS database at November 15, 2006 (the date of conducting the 
IRS search for the purpose of this study) was 3348. This number includes 2461 events with 
the date of the incident in the period of 01.01.1980 – 31.12.1995 that were addressed in the 
earlier SKI study [1, 2]. The current project addressed 899 IRS reports that correspond to the 
incidents that occurred in the IRS between 01.01.1995 and 15.11.20062.

It needs to be noted that the number of items (reports) recorded in the IRS database does not 
correspond to the number of operational events addressed in these reports. There are two 
reasons for this difference: (i) the database contains both preliminary and main (final) reports, 
and (ii) some of the reports address more than one operational event3.

3.1 Overview of the search results 

3.1.1 Initial search 

The initial automatic search (code based and key-word searches) was applied to the whole set 
of database reports included in the review within this project (i.e. the 1995-2006 events 
sample containing 899 reports).  

Table 3-1 provides information on the number of reports identified in each of the 3 queries. 
Queries A and B were fully automatic searches based on IRS codes. Query C was based on 
key-word search combined with manual screening (mostly using information provided by 
event titles). 

Table 3-1. Summary overview of the database search results 

Search Search type Number of 
items 
identified

Items selected 
for in-depth 
analysis

Query A Codes 6.1.1 and 6.1.2 185 (a) 41

Query B Codes 1.2, 3.B, 3.C, 3.E, 3.H, 3.K (c) 77 (b) 36

Query C Key words (see Section 3.3) + manual 
screening (c)

34 25

Total 296 102
Notes:

a) Corresponding number of incidents is 183 (some events described in more than 1 report) 
b) Corresponding number of incidents is 74 (some events described in more than 1 report) 
c) Repeated items (i.e. those identified in earlier queries) are not counted.  

                                                          
2  The year 1995 is an overlapping period in which there were 12 reports that are addressed both in 1998 

project and in the current project. 
3   This applies in particular to generic reports (e.g. NRC Information Notices) that address several events of 

similar type, which often occurred at different plants. 
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Out of the total number of 296 events identified using automatic search 102 items were 
selected for further analysis. Based on the event description these events were considered 
candidates for one of the CCI-related categories described in Section 2.3. The remaining 194 
events were considered out of interest from the point of view of CCIs. They were mostly 
simple initiators or accident precursors that did not involve any dependent failures. 

Appendix A (Tables A-1 – A-3) provides information on the 296 events selected based on 
automatic searches (queries A – C). This includes basic information on the events taken from 
the IRS database records (such as IRS report number and plant type), and a summary of 
information derived from the analysis of event abstracts and/or full reports. A brief 
description of each of the events is provided with focus on CCI-related aspects, and the type 
of initiating event, if applicable. IE type is assigned using the classification provided in the 
EPRI generic list of IEs (for PWR and BWR plants). Finally, based on the event 
characteristics an indication is given on items which seem to be of interest from the point of 
view of CCIs.  

3.1.2 In-depth analysis 

The selected set of events (102) was subject to in-depth analysis that concentrated on the type 
of IE (if applicable), direct cause of the event, additional systems degraded during the event, 
and type of dependencies involved. Based on this information the events were divided into 
CCI-related categories described in Section 2.3. 

Out of this set 11 events were identified as generic safety issues that do not bring any 
potential insights regarding the CCI subject. These events were screened out from further 
analysis (in Appendix A these items are marked by “*” in the last column). 

The remaining 91 items are candidates for CCIs or events that provide useful insights 
regarding potential dependency mechanisms. They were assigned into one of the following 
categories:  

- Common Cause Initiators (CCIs) 

- Potential Common Cause Initiators (P CCIs) 

- Events that indicate potential dependency mechanism (PDM), and 

- Common Cause Failures (CCFs) 

Appendix B provides CCI-related information for this set of events. This includes the event 
type, direct cause, degraded systems, event category (CCI, P CCI, PDM, CCF, as discussed in 
Section 2.3), and a brief description of the nature of dependencies involved. 

It should be noted that information provided in Appendix B regarding the ‘direct cause’ 
focuses on occurrences that are considered crucial from the point of view of the involved 
dependencies between IE (potential IE) and degradation (potential degradation) of the 
‘mitigation systems’ associated with this IE (see discussion in Section 2.2). 
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CCI
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Figure 3-1. Events of interest identified in the IRS database in relation to CCIs. 

3.1.3 Event categorization 

The selected events were categorized with regard to the ‘direct cause’ of the event and the 
‘dependency mechanism’.  

Direct cause 

It needs to be noted that the analysis of the direct cause of the event focuses on occurrences 
that would trigger a chain of dependent occurrences leading to IE and plant degradation 
(mitigation systems). In some cases (when IRS report addresses degraded plant conditions 
rather than real events) these occurrences are ‘postulated events’ that would originate 
dependent failures. Appropriate information on this subject is provided in Appendix B. 

Attributes used in the categorization of ‘direct cause’ occurrences include the malfunction 
type (human action or hardware failure) and the type of system/component involved. 

The human interactions included: 
- Test related errors 
- Operational error 
- Maintenance error 
- Design/fabrication error 

Hardware (component/system) failures included types of SSCs: 
- Mechanical systems/components  
- Electrical systems/components 
- I&C systems/components. 

Fig. 3-2 shows a distribution of ‘direct cause’ occurrences among the three types of systems 
and contribution of hardware failures and human errors (and their combination, if applicable). 
This figure addresses only three groups of events: CCI, P CCI, and PDM. The CCF group was 
excluded since the related IRS reports address mostly degraded plant conditions (generic 
issues) for which the ‘direct cause’ concept is hardly applicable.
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Fig. 3-3 shows a distribution of ‘direct cause’ occurrences in terms of component types for 
each of the system categories.  
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Figure 3-2. Systems and types of malfunctions involved in the direct cause of events (64 
events of CCI, P CCI, PDM type reported to occur in the period of 1995-2006) 

33,5

2,5

17

1
1

0,5

1,5

7

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Mechanical
system

Electrical system I&C system

I&C component

Mechanical component

Electrical component

Figure 3-3. Components involved in the direct cause of events for system groups 
(64 events of CCI, P CCI, PDM type reported to occur in the period of 1995-2006)



Page 24 

As shown in Fig 3-2 the distribution of events among system type categories is not uniform. 
About 56 % of direct cause occurrences involve the mechanical systems. Electrical systems 
contribute ~30 % and I&C systems 14 %. Contribution of hardware failures varies depending 
on the system type from ~76 % for the electrical systems to ~55 % for the I&C systems. The 
remaining contributors are human errors alone or in combination with hardware failures. The 
latter group includes also HEs made before the incident. As shown in Fig 3-3 failures of 
systems are dominated by failures of component of the same type – the mechanical systems 
by failures of mechanical components, the electrical systems by failures of electrical 
components, etc. 

It is worth noting that the value of quantitative assessment regarding the direct cause is 
limited. There are several factors contributing to this limitation.  

One of the factors is the lack of consistent principles/criteria for classification systems and 
components involved in direct cause. For instance, in case of an event initiated by a 
malfunction of a valve (mechanical component) in a system of mechanical type, the analyst 
may be tempted to classify the related direct cause as M/M (mechanical 
component/mechanical system). However, if the evaluation goes deeper it may appear that the 
problem occurred due to a failure of related I&C component (I) or electrical component (E). 
In this case the classification could be I/M or E/M. This introduces some subjectivity in the 
classification. 

Another difficulty is that in some cases there is a combination of several failures (components 
of different types) or even malfunctions in more than one system. Additional complication is 
the assignment of the involved system in case of events initiated by human error. 

Additional problem is that the items addressed/counted in the evaluation are not the individual 
events but the IRS reports. The NRC generic reports are typical representatives of such cases. 
Typically, reports of this type are related to several similar events but with different direct 
cause and different systems/components involved. In some generic reports there is no 
sufficient information on the number of events. Therefore, in the current project the statistics 
is based on the number of items (reports) included in the IRS database. Exception from this 
rule is that the preliminary and the main reports are considered as one ‘item’. 

Dependency mechanism 

Categorization of events with regard to ‘dependency mechanism’ was conducted for all  
events considered interesting from CCI point of view (91 events including CCI, P CCI, PDM 
and CCF type). Fig. 3-4 shows distribution of these events among the major categories: 

- Support (power, ventilation, computer, air, etc.) 
- Protection/control (signal, measurement, setpoints) 
- Maintenance
- Direct /physical 
- Common cause (residual) 
- Environment/Area 
- Transient (operational and accident-induced) 
- External
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Figure 3-4. Various dependency mechanisms involved in CCI-related events – major types 
(91 events reported to occur in the period of 1995-2006) 

More detailed categorization of the observed dependency mechanisms is shown in Figs 3-5 
and 3-6.

21

13

2
1 1

2
3

6
5

3

1

5

3

1

4

1

3 3

1

5

3 3

1

0

5

10

15

20

25

Com
mon

 C
au

se
 - v

ari
ou

s

Pow
er 

su
pp

ly

Sign
al 

ge
ne

rat
ion

Wron
g m

ea
su

rem
en

ts

Setp
oin

ts

Tes
t/c

ali
bra

tio
n

Main
ten

an
ce

- v
ari

ou
s

Hars
h e

nv
iro

nm
en

t/s
tea

m je
t

Floo
d/W

ate
r s

pra
y

Int
ern

al 
fire

Exp
los

ion

Flow
 bl

oc
ka

ge

Pres
su

re
loc

kin
g/b

ind
ing

Tem
pe

rat
ure

-ac
ce

ler
ate

d ag
ein

g

Cold
wea

the
r

Exte
rna

l fl
oo

d &
 w

ind

High
wind

W
ate

r int
ak

e b
loc

ka
ge

/ex
ter

na
l

Hea
vy

 lo
ad

dro
p

W
ate

r ha
mmer

The
rm

al/
pre

ss
ure

 tra
ns

ien
t

Elec
tric

al
tra

ns
ien

t

Lo
ss

 of
 flo

w th
rou

gh
 th

e b
rea

k

1995-2006

Figure 3-5. Various dependency mechanisms involved in CCI-related events – detailed 
categorization (91 events reported to occur in the period of 1995-2006) 



Page 26 

Design weakness
33,3%

Mechanical binding
14,3%Corrosion

19,0%

Vibration
9,5%

Operation/procedure
9,5%

Fabrication
4,8%

Flow blockage
4,8%

Grease ageing
4,8%

Design weakness

Mechanical binding

Corrosion

Vibration

Operation/procedure

Fabrication

Flow blockage

Grease ageing

Figure 3-6. Coupling factors involved in Common Cause Failure events (residual) – 
(summary of 21 IRS reports issued in the period of 1995-2006)

The most relevant dependency mechanisms are related to environmental impact/area events, 
direct dependencies through support systems, and transients. Fig. 3-5 shows individual 
contributors in these major groups. The most frequent are power supply, harsh steam 
environment and steam jet impact, flood and water spray, flow blockage, water hammer, and 
cold weather. 

In the group of CCF related events the ‘design’ is the most important coupling factor. 
Although this coupling factor is not likely to contribute to CCIs, there are other coupling 
factors that may be relevant from CCI point of view. It includes factors of environmental type 
(corrosion, vibration, mechanical binding). 

It needs to be noted that the quantitative insights regarding the dependency mechanisms are 
limited. Discussion provided in Section 4.1.3.1 on the factors that have adverse impact on the 
value of statistics derived in this project is also applicable to the evaluation of dependency 
mechanisms. 

3.1.4 Comparison with EPRI list of IEs 

The assignment of IEs based on EPRI categorization [3] was conducted for each of the events 
selected as CCI candidates. The results of this task are documented in Appendix A. 

Assignment of IEs to categories defined in EPRI IE list is not always straightforward since 
the events are often very complex chain of occurrences leading to highly degraded plant 
states.

General approach applied in this task was to select the most “simple” occurrence that led to a 
perturbation in the heat production-removal balance of the plant. Other occurrences were 
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considered as elements of accident sequence progression. Therefore, the selected initiating 
events usually do not reflect the complex conditions associated with the event. 

The EPRI list of IEs developed for PWRs and BWRs was also used in this project for other 
reactor types. In case of IRS reports that apply to more than one event the IE categorization 
was not performed.  
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4 Integration of results with 1998 SKI project 

Results of the current project were compared and integrated with the results of the earlier CCI 
study [1, 2]. The most important observations from this process are discussed in the following 
sections.

4.1 Structure of CCI data sample 

The first SKI project addressed 2461 IRS events that occurred in the time period 1980-1995. 
There were 60 events out of this set which were considered interesting from the point of view 
of CCIs. Together with 91 events selected in the current project the total number of events 
selected is 151. Structure of this sample is shown in Table 4-1 in terms of the major CCI 
categories. 

Table 4-1. Structure of CCI-related events selected in the 1998 and 2006 projects. 

1980-1995 1995-2006 1980-2006
CCI-related category 

Events % Events % Events %

CCI 23 38,3 13 14,3 36 23,8

P CCI 13 21,7 25 27,5 38 25,2

PDM 22 36,7 26 28,6 48 31,8

CCF 2 3,3 27 29,7 29 19,2

In the review conducted earlier [1, 2] the fraction of ‘real’ CCIs identified is higher and the 
fraction of potential CCIs lower as compared to the current project. The number of potential 
CCIs identified in the earlier study is lower as compared to the current project. The current 
review also identified a significantly larger amount of events considered as PDM or CCFs.

The overall yearly rate of CCI-related events (all categories) for the period 1980-95 is much 
lower (~4 per year) as compared to the period 1995-2006 (~7.6 per year). This difference is 
even higher when consideration is given to the total population of events contained in the IRS 
database for the period 1980-1995 and 1995-2006 (2461 vs. 899, respectively).

There are several factors that may contribute to these differences. One of the reasons is 
probably the change in the IRS reporting criteria/practices that evolved before the system 
reached the full maturity. In the early phase of IRS the number of ‘less significant’ events was 
probably higher. Additional factor is that in the later period there are more reports that address 
generic safety issues covering more than one operational event. One of the contributors to this 
effect can also be the fact that the events are reported in IRS with a significant delay. Certain 
events that had occurred in the period of 1995-2006 have not being reported yet. 
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4.2 Categorization aspects 

4.2.1 Direct cause 

Distributions of systems and types of malfunctions involved in the direct cause of events are 
shown in Fig. 4-1 for the three events samples - 1980-1995, 1995-2006, and 1980-2006.  

As can be noticed, the systems contributing to the ‘direct cause’ are different in the current 
project as compared to the earlier results. In the period 1995-2006 contribution of systems of 
the mechanical type is higher than the electrical and I&C systems.  
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Figure 4-1. Systems and types of malfunctions involved in the direct cause of events – relative 
(%) contribution (based on events of CCI, P CCI, PDM type i.e. 58 and 64 events in the 

period of 1980-1995 and 1995-2006, respectively) 

4.2.2 Dependency mechanism 

Distributions of events in terms of various dependency mechanisms are shown in Figs 4-2 and 
5-3 for the three events samples (1980-1995, 1995-2006, and 1980-2006).  

The 3 most significant dependency categories identified in the earlier study (power supply, 
harsh environment, internal hazards (flood and fire), water hammer, and cold weather are also 
clearly noticeable in the current event sample.  

In the 1995-2006 events sample the ‘power supply’ factor is the only contributor in the group 
of ‘support systems’. Also the total fraction of items in the ‘support’ category is smaller as 
compared to the earlier 1980-1995 sample. Similar observation can be made regarding the 
contribution of internal flood and fire. 

It can be noted that the lower contribution of the events that involve ‘power supply’ 
dependency mechanism observed in the current project (event sample 1995-2006) is one of 
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the factors that result in a lower contribution of ‘electrical’ and ‘I&C’ systems involved in the 
direct cause (as shown in Fig. 4-1). 

The current review identified the dependency mechanisms that were not observed in the 
earlier event sample (1980-1995) or contributed very little. These include the maintenance, 
flow blockage, pressure locking / binding, and external events (wind). 
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The dependency mechanisms related to maintenance, flow blockage (internal and external 
causes), and pressure locking in mechanical systems (e.g. valves) are addressed in several 
generic reports that refer to multiple events of this type. The same observation applies to the 
cold weather dependency mechanism. Therefore, the importance of these factors is even 
higher than it looks like based on the current statistics.

The maintenance issues (complex work situation, time pressure and incorrect procedures) are 
addressed in the generic report of Sweden (IRS 7303). It refers to 9 events in Swedish BWRs 
and PWRs. Maintenance problems that may originate dependent occurrences are also 
mentioned in generic IRS reports devoted to CCFs (IRS reports 7339 and 7436), and other 
reports not selected for in-depth evaluation in this project (e.g. IRS reports 7274 and 7499). 

The flow blockage issue (internal – RHR pump strainers and ECCS sump screens, and 
external - water intake screens) is addressed in several generic reports (e.g. IRS reports 1546, 
7600, 7626, 7656, and 7813). 
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The pressure locking of mechanical components (ECCS and CSS valves) is considered a 
generic issue and discussed in generic reports issued by the NRC (IRS reports 1525, 1599, 
and 7135). 

The issue of cold weather is addressed in several reports of generic type. One of the NRC 
generic reports devoted to this subject (IRS report 7180) noted 37 cold weather related events 
at 23 different sites between 1991 and 1997. The study also reported an increasing trend in the 
number of these events. Generic report issued by the Russian Federation issued in 1997 
describes 4 operational events of this kind that occurred in the period 1987-1995. 
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5 Conclusions

The review of the NEA IRS database conducted within this project generated a sample of 
events that provides insights regarding the Common Cause Initiators (CCIs). This list includes 
certain number of ‘real’ CCIs but also potential CCIs and other events that provide insights on 
potential dependency mechanisms.  

Relevant characteristics of the events were analysed in the context of CCIs. This evaluation 
was intended to investigate the importance of the CCI issue and also to provide technical 
insights that could help in the modelling the CCIs in PSAs.  

The results of the project were compared and integrated with the results obtained in the earlier 
CCI study conducted in 1998 [1, 2].

5.1 General conclusions 

The project confirmed general findings of the earlier project. 

- Events of CCI type occur in operational practice of NPPs. Such operational events have 
been reported in the IRS database.

- Majority of operational events documented in the IRS database are complex events that 
include many occurrences both consequential and random. Most of these events are 
accident precursors. The events that involve consequential (dependent) degradation of 
the mitigation systems (the required attribute of CCI) are relatively rare events. In 
addition, the extent of this degradation is usually limited. Partial failures (degradation)
of system functions are typical. Loss of automatic features or safety related indications 
are examples of such degradation. 

- In addition to ‘real’ CCIs there are also potential CCI events which in other plant 
conditions may originate ‘real’ CCIs. Important source of information on the subject of 
CCIs, in addition to ‘real’ operational events of CCI type, are the potential CCIs as well 
as other operational events that involve dependent failures/malfunctions. 

- The review performed within the framework of both projects was limited in scope. For 
some of the events a more systematic detailed analysis of the event would be needed in 
order to understand properly the course of events and relationship between the 
occurrences. Distinction between the real CCIs and potential CCIs is in some cases 
based on subjective judgement. 

- Some engineering insights of quantitative nature (e.g. statistics on the contribution of 
systems involved in the direct cause, or on the dependency mechanisms) are of limited 
value. Factors contributing to this drawback include the weaknesses of the analysis 
performed within the Project as well as the inherent limitations of the IRS. However, in 
spite of these shortcomings the project provides useful qualitative insights that may help 
in better understanding of the subject of CCI and their origin (e.g. by identification of 
new dependency mechanisms). 

5.2 CCI identification 

The following observations were made regarding the process of CCI identification: 
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- Identification of CCI candidates is difficult and time consuming. Application of 
automatic search in the database is limited. Manual search/analysis based on in-depth 
evaluation of event characteristics is important element of the review. 

- In-depth analysis of events performed within the current project required information 
that is normally provided in the full IRS reports. Information from IRS abstracts was in 
most cases insufficient.  

- The identification of consequential failures was the most difficult and time-consuming 
part of the assessment which required access to detailed information on the event. In 
case of complex incidents, representing the event in terms of individual occurrences is 
an essential element of the CCI-focused analysis. Within the current project a 
systematic analysis of this type was limited. This fact has some impact on the level of 
uncertainties associated with categorization of events.

5.3 Engineering insights from the study 

The analysis of operational events provided useful engineering insights regarding the 
potential dependencies that may originate CCIs. Some indications were also obtained on the 
plant SSCs/areas that are susceptible to common cause failures. The following observations 
have been made: 

- Direct interrelations between the accident mitigation systems through common support 
systems, which can originate a CCI, represent a dominant dependency mechanism 
involved in the CCI events. This observation made in the earlier CCI study was 
confirmed in the current project.  

- The most important contributors of this type are electrical power supply systems and 
I&C systems. One of the mechanisms contributing to the degradation of the in-house 
electrical power supply systems is associated with malfunctions or spurious operation of 
the equipment protection devices/systems. Evidence for interrelations of this type has 
been found in the existing operational experience (in the 1995-2006 events sample). 

- Area-related events such as internal fires, flooding, water spray, and steam jet have also 
been found to be important sources of dependency. Contributions of these dependency 
mechanisms are slightly lower in the current events sample (1995-2006) as compared to 
the results of the earlier study, but distinctly visible. 

- The current review shows that transients (e.g. water hammer, electrical transients both 
internal and external) as well as external events (e.g. lightning, high wind or cold 
weather) are relevant sources of dependency that may originate CCIs. 

- Majority of the direct and area-related dependencies are plant specific and determined 
by plant design features. The analyst can identify them and model explicitly in a PSA. 
Modelling of these dependencies requires a detailed analysis of all system interrelations.  

- Direct dependencies require a systematic analysis of failures in electrical distribution 
system (including DC power) and in the engineered safeguards. The FMEA may 
provide the required input to PSA modelling.  

- The review of operational events shows that in some cases a single failure of I&C or 
electrical component combined with non-revealed deficiencies in other plant systems, 
not necessarily safety-related (e.g. equipment protection or load re-
distribution/reinstating automatics) may originate a complex incident (including severe 
transient) that leads to a degradation of several plant SSCs. Examples of unexpected 
effects e.g. induced by blocking of impulse lines (due to condensation, gas bubble, or 
freezing) exist in the IRS (1995-2006 events sample). 
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- The methodology for area-related events, such as fire and flooding, is relatively well 
established. Operating experience shows that in the analysis of internal flood the effects 
of localised flood or spraying of electric components may be of high importance and 
deserve proper attention.

- The new dependency mechanism related to the flow blockage and pressure locking can 
also be modelled in PSA in a direct way. In some of the current PSAs the dependencies 
of this type are represented as CCFs. 

- Transients (e.g. water hammer, electrical transients both internal and external) as well as 
external events (e.g. lightning, high wind or cold weather) are potential dependency 
mechanisms that have not been modelled in PSAs and that are more difficult to be 
considered explicitly in the plant logic model.  

- Another dependency mechanism, difficult to be modelled, is related to human factors. 
This applies to non-conservative planning of maintenance (one of the issues identified 
in the project) and errors of commission. 
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6 Appendix A 

Summary of detailed analysis for the events selected using automatic search
(Queries A, B, C) 
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7 Appendix B 

Summary of CCI-related insights for the events selected for in-depth evaluation 
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8 Appendix C 

Input for the categorization of the events selected for in-depth evaluation 
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