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ABSTRACT 

This paper presents a study performed on the set of common cause failures (CCF) of 
safety-related components of the research reactor TRIGA SSR-14 MW Pitesti. The data 
collected cover a period of 20 years, from 1979 to 2000.  The sources of data are Shift 
Supervisor Reports, Work Authorizations, and Reactor Log Books. 
Events collected are analyzed by failure mode and degrees of failure.  Qualitative analysis of 
root causes, coupling factors and corrective actions and quantitative analysis of CCF events 
are studied. The objective of this work is to develop qualitative insights in the nature of the 
reported events and to build a site-specific common cause events database. 

1 INTRODUCTION 

The Romanian TRIGA 14 MW is the Steady State reactor research and material testing. 
The main designer is General Atomic, USA. The Romanian TRIGA reactor is an open pool 
type reactor with radial and tangential beam tubes. In fact there are two independent cores 
sharing the same pool: a high-flux 14 MW Steady State Reactor (SSR), and an independent 
(from operation point of view) Annular Core Pulsing Reactor (ACPR). The SSR is a forced 
convection reactor cooled via primary circuit with four pumps and three heat exchangers. The 
ACPR is natural convection reactor cooled by the pool water.  

This analysis intends to develop qualitative insights in the nature of the multiple events 
reported expressed by root causes and coupling factors. 

2 DEFINITION OF COMMON CAUSE EVENTS 

In the context of system modeling, two kinds of common cause events are 
distinguished:  Unavailability of a specific set of components of the system, due to common 
dependency. If such dependencies are known, they can be explicitly modeled in a PSA; 

Unavailability of a specific set of components of the system due to shared causes that are 
not explicitly represented in the system logic model. These events are called residual CCFs 
and are incorporating in PSA analyses by parametric models. 
There is no rigid borderline between the two types of events. 

A common cause event is defined as a dependent failure in which two or more 
component fault states exist at the same time, or within a short time interval, and are direct 
result of a shared cause.  

Simultaneity and failure are defined with respect to certain performance criteria. Data 
collection comprises complete as well as potential events. Data include:  Events involving 
degraded component states,  Events involving multiple component failures closely related 
in time, but not simultaneously,  Events involving uncertainty about shared cause. 
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3 DESCRIPTION OF THE COMPONENTS 

Motor driven centrifugal pump: The component boundaries include the pump itself, 
motor, power supply to the motor, component specific control equipment, logic and 
instrumentation. The failure modes considered are “failure to run”, defined as failure after 
heaving reached nominal operating conditions, and “failure to start”, defined as failure before 
reaching nominal operating conditions. 

Valve, motor operated: The component boundaries include valve and adjacent 
mechanical components, motor, circuit breaker and overload protection circuitry, logic and 
instrumentation, control equipment. The failure modes “failure to open” (not open when 
expected), failure to close” (valve does not close when required), “external leakage”, “internal 
leakage” are considered. 

Valve, air operated: The component boundaries include valve and adjacent mechanical 
components, logic and instrumentation, control equipment but not including instrument air 
lines. The failure modes “failure to open”, failure to close”, “external leakage”, “internal 
leakage” are considered. 

Cooling fan: the component boundaries include mechanical and electrical parts, 
including commands, motor and power supply to the motor. The failure modes considered are 
“failure to start” and “failure to run”. 

Control rod drive: the component boundaries include motor, rack and pinion gear 
system, including the electromagnet, and console position indication and command system.   
The failure mode considered is “failure to function”. 

Control rod, single: the component boundaries include the control rod and its associated 
assembly which contains a bolted connection at each end to accept the control rod at one end 
and the control rod drive at the other. Includes also the containing shroud. Failure mode 
“control rod failure” is considered. 

Ejector, NaOH/ H2SO4: component boundaries include ejector assembly. Failure 
modes “failure to function” and “rupture” are considered. 

The basic set for component data collection is common cause component group, CCCG, 
set of identical parallel components in a system, performing the same function. 

4 OVERVIEW OF DATABASE CONTENT 

Multiple failure data for all safety-related component have been collected. The data 
span a period from 1979 through 2000. The sources of data are Shift Supervisor Reports, 
Work Authorizations (Maintenance, Test Order), and Reactor Log Books [1]. The information 
contained in raw data is not complete, and often difficult to interpret. 

Fifty-four events for all components have been interpreted as common cause failures. 
Twenty-five of them involved pumps (46 percent) and sixteen control rods and control rods 
drives (about 29 percent). Six events involved fans (11 percent). Data include complete and 
partial common cause failures. Complete CCF events are CCF events in which each 
component in a CCCG fails completely due to same cause and within a short time interval [2]. 
All other events are partial CCF events. According with the defined boundaries, seven events 
involving pumps were complete. Other four complete events involved ejectors and cooling 
devices. 

 The “root cause” is the basic reason or reasons why the component(s) fail, any of 
which, if corrected, would prevent recurrence.  A coupling factor is a characteristic of a group 
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of components or piece parts that identifies them as susceptible to the same causal 
mechanisms of failure. [3] 

Figure 1 shows the distribution of CCF events for all component types by root cause. 
The dominant root cause, human action, accounts for 50 percent of the events. Design or 
manufacture, or construction inadequacy accounts for about 30 percent of events. The CCF 
events are about equally distributed among the other causes. 

Figure 2 shows the coupling factor distribution for the events. The largest coupling 
factor, operational, accounts for 50 percent and hardware couplings account for about 40 
percent. 

Figure 3 shows the root cause distribution for the events involving pumps. The 
dominant root cause is human  (72 percent). Internal to component root cause account for 24 
percent. Figure 4 shows the root cause distribution by failure mode. 

Figure 5 shows the coupling factor distribution for the events involving pumps. 
Operational is the largest coupling factor (72 percent).  Hardware coupling factor accounts for 
24 percent of events.  Figure 6 shows the coupling factor distributions by failure mode. Figure 
7 contains the CCCG size distribution for all events involving pumps. 

5 OVERVIEW OF EVENTS BY ROOT CAUSE 

5.1 Design, Manufacture or Construction inadequacy Root cause 

This root cause category represents causes related to errors during design, manufacture, 
or installation of components both before and after the plant is operational. The design 
process includes equipment and system specification, material specification, and design 
modifications. 

Design, manufacture, or construction inadequacy causes resulted in sixteen events.  All 
of these events occurred on the control rods (7 events) and control rod drives (9 events) and 
are caused by design deficiency. Also, the multiple failures of control rods and control rod 
drives could be caused by environmental shock. The coupled factor affecting all events is 
hardware group. Four events were detected on startup and the other in automatic scram. 

5.2 Abnormal Environmental Stress 

Abnormal environment category represents causes related to harsh environment that is 
not within the component design specifications. Specific mechanisms include chemical 
reactions, electrical failure, electromagnetic interference, moisture, material interaction, 
abnormally high or low temperature, pressure, radiation, vibration load, impact load, fire, 
seismic, flood. 

Abnormal environmental stress caused five events. One event involving pumps resulted 
from power current surge. The failure mode is failure to run. Three events caused 
unavailability of ejectors from purification system due to chemical environment stress, and 
another one resulted from low temperature (weld crakes due to low temperature) caused 
unavailability of cooling devices from cooled and cooling water system. A shared 
environment coupled five events.   

5.3 Human Action Root Cause 

This root cause category represents causes related to errors of omission or commission 
on the part of plant staff or contractor staff. This category includes accidental actions and 
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failure to follow procedures for construction, modification, operation, maintenance, 
calibration, and testing. This category also includes training inadequacy. 

Human error resulted in twenty-seven CCF events. Eighty events involved pumps and 
six involved fans and these resulted from deficient operation and maintenance practice. 
Operational group is coupling factor for all events. 

5.4 Internal to Component Root Cause 

This category represents causes related to malfunctioning of something internal to 
components. Internal causes result from phenomena such as normal wear or other intrinsic 
failure mechanisms. It includes the ambient environment of the component. These 
mechanisms can be divided into internal environmental and hardware related causes. 

Six events involving pumps resulted from failures internal to component are coupled by 
hardware. The failure mode of all events is “failure to start”. 

6 QUALITATIVE ANALYSIS OF PUMP EVENT RECORDS 

The data are categorized by root causes, coupling factors, and failure mechanisms. 
Root Causes: 
For all reported events involving pumps, most of root causes fall in the categories: 
- Human 
- Internal to component 
For complete CCFs, the dominant root causes contributions are from 
- Human action (66 percent) 
- Internal (33 percent) 
Coupling factors: 
For all reported events, coupling factor attributes fall in the categories: 
- Operational 
- Hardware 
- Environmental 
For reported events that have led to complete CCFs the coupling factors are from: 
- Operational (66 percent) 
- Hardware (33 percent) 
Corrective actions: 
The information related to corrective actions is not clear. 
Analysis of Failure mechanism: 
The failure mechanisms fell into the categories: 
- Lubrication problem 
- Leakage problem 
- Breaker and control problem 
- Mechanical problem 
Failure mechanism statistics: 
- Seven events were caused by insufficient quantity of lubricant (leaks at pump bearings). 

All events were failures to run. Among them, one event was complete.  
- Five events were caused by motor-pump coupling wear out. All events were failures to 

run. 
- Six events involving leaks problem were caused by pump seal wear, pipe rupture. Three 

were complete. Four events were failures to run, one event was failure to start. 
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- Six events failed to start were caused by circuit breaker and control device problems. 
Among them three events are complete. 

Most of this problem could be corrected by better controls and maintenance practice.  

7 ASSESSMENT OF CCF PARAMETERS 

The α factor parameters will be calculated on the basis of the impact vectors as in [4]. 
To each event affecting a CCF group will be associated a mean impact vector. For a group of 
m components, the mean impact vector associated with an event will have m+1 elements 
which will be defined on the basis of the shared cause factor, c, the timing factor, q, and 
degradation factors, pi associated with each component of the group. 

8 CONCLUSIONS 

Among all reported events, human related root causes are dominant. Operational is the 
largest coupling factor and wearing is a widespread effect. 
Possible causes for the large amount of multiple failures reported would be the nature of the 
reactor where the human impact is high, the level of information from data sources, or 
sometimes financial problems. 

Despite all difficulties due to level of information and comprehensiveness that gathered 
from raw data sources, the analysis presented in the paper is the first attempt of implement 
CCF at TRIGA SSR 14 MW. 
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Figure 1: Root cause distribution for all events for all component types 
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Figure 2: Coupling factor distribution for all events and for all component types 

 

 

Figure 3: Root cause distribution for all events involving pumps 
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Figure 4: Root cause distribution by failure mode for pumps 

 

 Figure 5: Coupling factor distribution for all events involving pumps 
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Figure 6: Coupling factor attribute distribution by failure mode for pumps 

 

Figure 7: CCCG size distribution for pumps 
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