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ABSTRACT 

The fire probabilistic risk assessment framework for nuclear power plants relies on 

experimental data to determine expected fire behavior or to validate models to predict fire conditions 

in the plant. To support reducing the uncertainty in this experimental data, a research effort was 

conducted to identify the most frequent and challenging fire scenarios using historic fire data from 

nuclear power plants in the United States.  To support this effort, an electronic version of the publicly 

available Updated Fire Event Database developed by Electric Power Research Institute was produced 

resulting in data on 2,111 fire events, 540 events were labelled as being challenging fires with 74.2 % 

of these challenging fire events being due to eleven selected fire types. Of these fire types, electrical 

and electronic equipment, transient combustibles, and liquid fires were the most frequent of the 

challenging fires. The fire scenario specifics were characterized for each of the eleven selected types 

and then related to existing fire experiments.   

Keywords: Nuclear Power Plant - Probabilistic Risk Assessment, Fire Event Database, Fire Scenarios, 

Fire Severity Classification, Data Analysis, Uncertainty quantification. 

1. INTRODUCTION 

 

A Fire Probabilistic Risk Assessment (PRA) in a Nuclear Power Plant (NPP) is used to assess 

the overall fire safety of the plant based on conditions identified through a field survey.  In this field 

survey, potential fire scenarios inside of a NPP are identified and generally characterized through the 

knowledge of the location, fuel loads, and type of combustible materials. To quantify the risk associated 

with these different fire scenarios, it is common to use experimental data and computational models to 

predict what conditions could develop from the fire and cause potential damage [1, 2].  In order to 

reduce the uncertainty in fire PRA, the quality of the existing experimental data needs to be evaluated.  

The first step in this is describing the most frequent and challenging fire scenarios in sufficient detail 

such that they can be related to existing experimental data.  This research was conducted to identify the 

details of the frequent challenging fires through statistical analysis of historic fire events and perform 

analysis to provide fire scenario descriptions sufficient to relate these fire events to experimental data.  

 

In the framework of NPP PRAs to mitigate potential fire events, early attempts to statistically 

quantify fire incident information across NPPs typically employed database acquisition and analysis 

focusing only on a single fire attribute. Two independent studies conducted statistical assessments only 

on electrical induced fire records giving insight into the distribution of components involved during fire 

incidents. Keski-Rahkonen et al. investigated only the electrically induced Finland-based NPP fire 

records and the International Atomic Energy Agency (IAEA) and Organization of Economic 

Cooperation and Development / Nuclear Energy Agency Advanced Incident Reporting Systems 

(OECD/NEA AIRS) database to establish the most typical electrical ignition mechanism [3]. It was 

observed that the most prevalent cause for electrical ignition was defective cables leading to short 

circuits and ground shorts as well as loose connections leading to overheating. The authors also 

examined the Sandia National Laboratories (SNL) Fire Event Database cataloged from 1965 to 1989 to 

quantify the failed components in electrical fires. Their findings indicate that cable, wiring, or bus 

contributed to 21% of the overall failed components in the fire scenarios [4]. The statistical assessment 
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of the OECD Fire Data Project [5] advocates that most fires inside NPP buildings originated from 

electrical equipment, with cable insulation materials being the most common fire load. Several studies 

have also conducted quantitative and qualitative analysis on individual NPP systems to better 

characterize the events to support PRA for nuclear installations [6-10].  

 

The studies described in the previous paragraph only investigate the attributes of one type fire 

event (e.g., electrical components) that may occur in NPP installations. NPP rooms harbor different 

components that may give rise to a broad spectrum of fire events. The attributes of all of these different 

fire events must be considered in a PRA; therefore, the details of these other fire events need to be 

determined to support identifying the required experimental data to predict the behaviour of these 

events.  Specifically, the most frequent challenging fires need to be identified since they pose a 

significant threat to NPP safety and sufficient data needs to be available on these fires to reduce the 

uncertainty of the fire PRA.   

 

Frequency of fire events has been the focus of some studies available in the literature.  Fire 

occurrences are typically measured in frequency by characterizing the locations and equipment involved 

during the fire event. This information is further used to evaluate the risk associated with certain fires 

[11]. Together with different fire event attributes, it becomes necessary to consider a database that 

provides information on fire event detail, such as location, components involved, and causal factors. 

This information in the database provides a better route to understand NPP fire scenarios and further 

support PRAs. For instance, Shalabi et al. investigated the OECD Fire Database to foster qualitative 

insights for the cause of fire incidents and leverage this information to Canada deuterium uranium 

(CANDU) NPP PRAs. The study explored the information encapsulated in OECD by analyzing plant 

characteristics, compartment-specific conditions, potential fire sources, and safety targets. Fire events 

were measured as frequency by percentage, and the findings showed that most of the fire events 

occurred in the Turbine Building. Furthermore, the cause of ignition was mainly electrical [12]. The 

study looked at each aspect of the fire event individually rather than the details of specific types of fire 

events.  For example, it is not possible to tell the details of the electrical fire event but just that they are 

the most frequent.  The details of the most frequent challenging fire events are needed to relate them to 

experimental data.   

 

Studies have used database information to identify risk-significant fire events in NPP using a 

fire severity classification. The NUREG 2169 and NUREG/CR-6850 report fire severity level 

classification allowing for identifying fire occurrences that are challenging [13, 14]. Several studies 

have used fire database information against this fire severity criteria to identify challenging fire 

scenarios. For instance, Nagata et al. used the Central Research Institute of Electric Power Industry 

(CRIEPI) database to determine the fire event distribution in PRA among Japanese industries [15].  A 

four-step process was exercised to analyze the distribution. The process involved data acquisition, 

categorization, classification, and fire ignition frequency quantification. Using the database, the fire 

event records were screened against the fire severity classification criteria per NUREG-2169 [14]. 

Furthermore, the data were categorized following updated fire scenario definition that encapsulates fire 

ignition sources like dryers, electric motors, pumps, air compressors, and location details that include 

plant-wide, turbine building, transformer area. It was determined that more than 70% of the fire events 

were attributed to transients, electrical cabinets, and pumps, and these fire events were identified to be 

significant risk contributors to Japanese NPPs. However, the specifics of these fire events were not 

sufficiently detailed to relate them to fire experiment data. Kang et al. quantified significant oil fire 

scenarios from Essential Service Water System (ESWS) records after qualifying location and ignition 

source regarding fire severity level defined in NUREG/ CR-6850 [13]. However, risk significance for  

all potential events in a NPP was not explored. Another study evaluated fire events recorded for a 

process room in Loviisa NPP to quantify significant risk contributors per ignition source and location 
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information of the fire event following severity classification defined in NUREG-2169. This study only 

looked at risk significant events in a specific NPP location and not throughout the entire NPP.  

 

 The studies mentioned above used statistical assessment of historical databases conceived prior 

to many of the advanced reporting techniques employed for recording fire events. The fire event 

characteristic used to develop Fire PRA models may be subject to significant uncertainty. As a result, 

the most recent version of the database should be used since it provides more event details to reduce 

uncertainty. It is also necessary to consider a database flexible enough to support multiple aspects of 

fire event details that best represent fire scenarios and further map the data to configure fire experiments. 

For several decades, EPRI has collected fire event data for nuclear power installations in the USA and 

developed generic fire ignition models [16-20]. Following this, EPRI has continued to look into 

different methods of collecting NPP fire records in order to improve data quality. The updated FEDB 

includes expanded and improved data fields, coding consistency, incident detail, and reference data to 

better support fire PRA [21, 22]. The EPRI FEDB also includes the fire severity classification defined 

in NUREG-2169 [14]. This allows for determination of fire events details sufficient to relate to fire 

experiments for the most frequent and challenging fires, which has not previously been reported in the 

literature.    

  

The focus of this paper is to conduct statistical analysis on the updated EPRI-FEDB from 1990 

through 2014 to identify the most frequent challenging fires and attributes that best characterize the fire 

scenario details. For NPPs operating in the United States, the updated FEDB developed by EPRI 

incorporation with the United States Nuclear Regulatory Commission (USNRC) under a document of 

understanding [23] is the most comprehensive and consolidated source of fire incident information. The 

FEDB's unabridged version includes confidential information given by nuclear power station owners 

and operators and access to the whole database is restricted. Additionally, the non-proprietary version 

in [21, 22] provides only a high-level tally of the fire event types. This research used the non-proprietary 

FEDB information and digitized it to perform a thorough statistical analysis. The data derived through 

the electronic version was further parsed to identify and retrieve fire event attributes that best describe 

the fire scenario details. These events were qualified against the fire severity classification following to 

quantify the most frequent and challenging fire event details. Finally, the fire scenarios in NPPs are 

related to existing fire experimental tests commonly used in modeling validation. 

 

2. METHODS 

This section provides an overview of the approach used to obtain data specific attributes on fire 

incidents that have occurred in NPPs from 1990 through 2014 and to characterize fire scenarios 

accordingly. In addition, this section describes the use of Fire Severity Classification to understand 

which fires are the most challenging since these fires will likely most contribute to the NPP risk.  Using 

the most challenging fire events, the process used to determine the fire scenario details with the FEDB 

is described. 

2.1. Database  

 The FEDB was developed by EPRI in cooperation with USNRC and is the primary source of 

operational fire event data used in PRAs of NPP fire incidents. EPRI updated its FEDB for the period 

of 1990-2014 [21, 22]. This included fire events from 84 NPPs across the USA resulting in 2,116 events 

within the database.  For this research, the non-proprietary information provided in Appendices C to G 

in the report was utilized here to conduct quantitative and qualitative analysis to determine the most 

frequent and challenging fire scenarios.  The contents within these appendices are described in Table 1.  

Each of the summary reports in the FEDB was digitized to conduct quantitative as well as qualitative 

analysis. The data specifics pertaining to each report were entered manually and stored in an Excel 

spreadsheet for analysis.  
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Table 1. A description of the appendices in the FEDB used to create the searchable database for this research [21]. 

Appendices Description 

Appendix C – FEDB Fire 

Summary Report 

The FEDB Fire Summary Report provides a brief description of the 

probable fire event. Fields of interest in this summary report mainly 

include plant location, system, component, and component group. 

Appendix D – FEDB Fire 

Attribute Report 

A high standard evaluation of the probable fire event is provided 

with FEDB Fire Attribute Report. The report provides information 

about Fire Cause, Fire Type, and Combustibles involved. In 

addition, smoke effects, collateral damage, and temperature effects 

are also reported. 

Appendix E – FEDB Fire 

Severity Evaluation Report 

The report enlists fire incidents that the fire severity determination 

algorithm has automatically determined. 

Appendix F – Fire Timeline 

Report 

The FEDB Fire Timeline Report provides timing information from 

the time of ignition to the time of response and extinction. This 

report also specifies if the length of the fire was known in minutes, 

approximated, or unknown. The report also discusses detection and 

suppression techniques. 

Appendix G – Plant 

Response Report 

The FEDB Plant Response Report provides a high-level summary 

of the plant state prior and after the potential fire event. Fields of 

interest include mode prior/after, power level prior/after and 

emergency action level. 

 

 The digitized FEDB generated from summary reports consists of 60 unique attributes 

characterizing the fire events that occurred in NPP from 1990 through 2014. Attributes like Fire ID, 

Event Date, Disposition, and Review Status are shared across all the summary reports and were used to 

correlate them across different appendices. Information about plant location, system, component group, 

combustibles involved is some of the other attributes that provide a high-level assessment of the fire 

scenario details for each event. The data also provides the plant state before and after a fire event, the 

suppression method applied, and the emergency action taken during that particular fire incident. This 

research focused on a subset of the attributes that were used to define the fire scenario. The FEDB 

contains several other attributes that highlight other aspects of the fire event, but these were not 

considered in this research effort. 

 

  Given multiple attributes archived in the FEDB, the fire event’s unique features provide   

knowledge of a large number of fire scenarios.  This research primarily focused on the most frequent, 

challenging fires identified through statistical analysis of the FEDB events.  The majority of the fire 

scenario details can be described through the following data types: Building, Fire Type, Fire Cause, 

Combustible Types and Forms, and Component Group. Building is where the fire was located while 

fire cause provides information on how the fire was initiated.  Primary Combustible Group – Types and 

Forms, describes the fuel and configuration involved in the fire.  In addition, Component Group refers 

to the general type of the component (e.g., electric motor, pumps, and generators) where the fire was 

initially ignited. These details provide the most frequent, challenging fire scenario details, which are 

cases that should likely contribute most to the NPP risk and, therefore, should be considered in a Fire 

PRA in detail.  Having an accurate understanding of how these fires behave through experiments and 

modeling is needed to reduce the uncertainty of the Fire PRA.  
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2.2. Data Analysis 

 

The digitized fire events data in the Excel spreadsheets were imported for analysis using Python 

3.  The data derived from the summary reports were cleaned of any irregularities by manual examination 

as well as using several Python tools and libraries. Python 3 was then used to manipulate the data, 

conduct statistical analysis, and plot the information.  

 

2.3. Identifying Challenging Fires  

 

 In order to obtain the most frequent, challenging fire scenarios through the FEDB, it was 

necessary to study the Fire Severity Classification as specified by NUREG/CR-6850 and EPRI [13, 21]. 

The Fire Severity Classification data provides information on whether the components and 

combustibles resulted in a fire that was easily suppressed or resulted in a challenging fire that was 

difficult to control and suppress. The updated FEDB uses a five tired classification for fire incidents.  

These classifications are shown in Table 2 along with a high-level description of the Fire Severity 

Classification defined by EPRI. 

 

 
Table 2. Fire Severity Classification defined by EPRI. 

Fire Severity 

Classification 

Description 

Challenging (CH) Challenging Fires are occurrences which have observable and 

significant environmental repercussions, irrespective of the 

source of the fire 

 

Potentially Challenging 

(PC) 

Potentially Challenging Fires are occurrences that were not 

classified as CH but may have progressed to that status. 

Not Challenging (NC) Not Challenging Fires do not cause, or cause, any neighboring 

items or components, to be harmed or to ignite for any length 

of time regardless of the location, but may be automatically 

identified by fire detection 

Undetermined (NC – PC) Fires are considered NC, but the insufficient information 

makes it difficult to categorize it as a Potentially Challenging 

Fires 

Undetermined (PC – CH) Fires are considered PC, but the insufficient information makes 

it difficult to categorize it as a Challenging Fires 

 

To determine the most frequent and challenging fire scenarios, the five levels of classification 

were combined into three levels of fire severity classification: (i) Challenging (CH), Potentially 

Challenging (PC), and Undetermined (PC – CH) were grouped as challenging fire events (ii) Not 

Challenging (NC) and Undetermined (NC – PC) were grouped as not challenging fire events, and (iii) 

the remaining fire events that were not classified were considered as Not Evaluated. 

2.4. Determination of Fire Details  

 

The primary goal of the present research was to use the FEDB to quantify the details of the 

most frequent, challenging fires. This was done through analysis of the Primary Combustible Group – 

Types and Forms data. Table 3 below illustrates the sub-categorization of Primary Combustible Groups 

according to its Types and Forms. The dark green shaded cells represent the area of interest to determine 
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the fire scenario details. Though some of the other blocks provide more granular detail about the fire 

scenario, the green shaded area provides the required information to determine the fire scenario detail 

for future comparison with experiments conducted on similar fires.   Statistical analysis was performed 

using this information from the FEDB to quantify and rank the challenging/potentially challenging fires. 

The following section seeks to give a brief description of a typical fire experimental framework for 

Primary Combustible Group induced fires. 

 
Table 3. Primary Combustible Groups and their Types and Forms. 

Primary 

Combustible 

Group 

Types Forms 

Liquid Lube Oil or grease, Fuel oil, 

Transformer oil, cleaning solvent or 

paints, Others 

Pressurized Spray, Leak- oil-soaked 

insulation, Spill confined by curbs, 

Contained within reservoirs, 

Contained within component, 

Unconfined liquid spill, Confined 

liquid spill, Other 

Insulation Thermoplastic, Thermoset, Mixed, 

Others 

Multiple bundles, Cable tray stack, 

Multiple cables not in a tray or bundle, 

Stored unused cables, Single 

unbundle, Single cable tray, Single 

cable, Unknown, Other  

In-Situ Other electrical or electronic 

equipment, Thermal insulation 

material, Interior finish, Other 

No form specified 

Transient Cellulosic materials including wood, 

paper or other solid transients, 

Temporary electrical wiring or 

equipment, Plastic Sheets, Temporary 

thermal insulation materials, Trash (i.e., 

solid refuse collected for disposal), 

Other (specify) 

No form specified 

Gas Hydrogen, other Pressurized in container, Jet from a 

pressurized source, Ambient 

pressure, within a compartment, 

Ambient pressure, within a 

component, others 

 

 

 

3. RESULTS 

This section presents the statistical analysis results based on data from the EPRI – FEDB  summary 

reports. Following the removal of any abnormalities in the dataset, statistical analysis was conducted to 

determine the most frequent, challenging fire scenarios. The distribution of fire events was assessed 

across various buildings, component groups, and combustible groups.  

3.1. Fire Event Database Overview 

This section contains some of the findings obtained from the statistical analysis on the FEDB.  

Overall, EPRI – FEDB was collected for three different ranges of periods 1990-99, 2000-09, and 2010-

14. It is divided into three unique data sets, each with its own set of data sources, quality, and 

completeness. The updated database for three different periods was summarised in two EPRI reports, 
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this distribution required the data to be merged before processing the data and conducting statistical 

analysis. 

 
 

Figure 1. Number of Fire Events from 1990 - 2014 

The updated FEDB for the period from 1990-2009 is reported solely for the 84 plants that have 

completed the whole data gathering protocol and plant examination for fire incidents. The database was 

later appended with additional fire events reported from 2010-14. For the period 1990-99, fire event 

data were obtained from multiple sources, the significant event details were conceived from License 

Event Reports (LERS), Nuclear Electric Insurers, Limited (NEIL), Equipment Performance 

Information Exchange Systems (EPIES), Emergency Notifications (EN’s) and Plant Reports. For 2000-

09, the data was primarily based on fire incident data directly collected from Nuclear Power Plant 

records, together with LERS and EN’s. Over the 2010-14 period, data was collected and stored in the 

ICES database by the Institute of Nuclear Power Operations (INPO) [21, 22]. Figure 1 above shows the 

number of Fire Events reported each year from 1990 to 2014, and as illustrated in Table 4 EPRI has 

cataloged Fire Events and Total Reactor Years for three different periods. 

 
Table 4. Sources, Number of Fire Events, and Total Reactor Years 

 Period 

 1990-99 2000-09 2010-14 

Data Sources 
LERs, ENs, NEIL, 

NPRDs, Plant Reports 

LERs, ENs, Plant 

Reports 
INPO 

Fire Events 198 1497 421 

Reactor Years 1081 850 425 

 

Figure 2. represents fire events from 1990 – 2014 for the most severe fires.  The orange line 

represents fire events that were labeled as Challenging. The blue line represents fire events that are 

regarded as severe, which are a combination of Challenging (CH), Potentially Challenging (PC), and 

Undetermined (PC-CH). The data are normalized relative to the Counts per Reactor Year. The Updated 

FEDB CH, PC, and U (PC-CH) as seen through the blue line have a discontinuity between 1999 to 

2000, but the Updated FEDB CH Fire Event reports overall remain similar for each year. According to 

Ref. [14], more common but less severe Potentially Challenging (PC) fire events were not reported and 

are given less importance for the 1990-99 period. This is partly a consequence of the fire event data 
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collection protocol used to update the fire event data for the 2000-09 period. The 2000-09 period is 

assumed to be more complete for the 84 plants that participated in the FEDB update when compared to 

the 1990-99 period. The report also indicates that there is the possibility of missing data for the 1990 – 

99 period. 

 

 
Figure 2. Counts per Reactor Year 

Figure 3. below contains the percentage of fire events according to the revised fire severity 

classification. About 71.86% of the 2,111 Fire Events were classified as Not Challenging (NC + 

Undetermined (NC – PC)) Events. About 25.58% were classified as Challenging (Challenging + 

Potentially Challenging + Undetermined (PC – CH)), and at least 2.56% of the Fire Events were Not 

Evaluated or Not Labelled. The following sections show how the fire events, when qualified against the 

revised fire severity classification, are distributed across the Building, Component Groups, and Primary 

Combustible Groups. 

 
Figure 3. Distribution of Fire Events according to revised Fire Severity Classification 

3.1.1.  Building 

 

Building specifies the location where in the NPP the fire started. The percentage of fire events 

distributed according to the building in which it was initially located is illustrated in Figure 4.  The 

Other category was 27.66 % of the fire reports; however, no specific details were provided about these 
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events in the database. For the known locations, the majority of the fire events occurred in the Turbine 

Building (20.84 % of the 2,111 fire events) followed by Containment (PWR), Diesel Generator 

Building, Auxiliary Building which corresponded to 6.49%, 5.31%, and 4.64% of the total fire events, 

respectively. 

 
Figure 4. Distribution of Fire Events according to Building in which fire was initially located. 

 

3.1.2.  Component Group 

 

Component Group specifies the type of equipment/object where the fire was located. Figure 5 

contains the percentage of fire events distributed according to the Component Group. The most frequent 

component involved was Electrical Panel at 14.07% with Pumps being the next most frequent at 8.01%.  

Electrical Motor, Generator, and Transformers contributed 5.78, 5.31, and 5.3 %, respectively, to the 

overall number of fire events. 

 
Figure 5. Distribution of fire events according to the Component Groups. 

  

3.1.3.  Fire Cause 

 

Fire Cause is the ignition mechanism that initiated the fire. The distribution of fire events 

according to the Fire Cause is illustrated in Figure 6. A majority of the fire events occurred as a result 
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of Electric failure resulting in overheating materials (29.70%), followed by Hot work (cutting/ welding/ 

grinding, etc.) representing 23.16% of the events and Overheated material causing 14.50% of events.  

 
Figure 6. Distribution of fire events according to the Fire Cause 

  

3.1.4.  Primary Combustible Group 

 

The percentage of fire events sorted by Primary Combustible Group is provided in Figure 7. 

Primary Combustible Group is a high-level descriptor for the type of fuel involved in the fire.  The most 

frequent Primary Combustible Group was In-Situ (e.g., inside of electrical cabinets, electronic boxes, 

equipment, etc.) which accounted for 43.4% of the fires. The next most frequent was Transient materials 

(e.g., not permanent including trash, temporary cables, etc.) at 26.5% followed by Liquid at 9%. 

 
Figure 7. Fire Events caused by Primary Combustible Groups. 

 

The results in Figure 8 provide a breakdown of the fire events by fire severity classification level 

for each Primary Combustible Group.  Note that the fire severity levels contained in the figure are based 

on combining some categories in the database as previously described.   This research focused on the 

challenging fires since they resulted in the most severe conditions.  In general, the combustible groups 

with more fire events also had a higher number of challenging fire events.  The groups with the most 

challenging fire events were In-Situ, Transient, Liquid, and Insulation.   
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Figure 8. Distribution of Revised Fire Severity classification across Fire Events defined by Primary Combustible Group 

3.2. Challenging Fire Events 

 

The database contained a total of 540 fire events classified as Challenging Fire Events.  This 

section presents a detailed assessment of the data to quantify the fire scenario details for these 

challenging fires. Specifically, the fire scenario for the top Primary Combustible Groups was identified 

including Building, Component Group, and Fire Cause, which describes how the fire was initiated.    

The challenging fire events by Primary Combustible Group are shown in Figure 9. The most 

frequent group was In-Situ, which accounted for 49.81% of the events. Liquid and Transient groups 

each had approximately 17% of the events while Insulation contributed 6.67% of the events.  In the 

following section, each primary combustible group is further described to provide a more detailed 

description of the source fire.   

 
Figure 9. Challenging Combustible Groups 

3.2.1.  Challenging Fire Event Count 

 

Each Primary Combustible Group was sub-categorized in the database by a more detailed 

description.  The count and percentage of these more detailed descriptions are provided to support 

determining the most frequent, challenging fires and their scenario details.   
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The In-situ group contained 269 of the 540 fire events and these were subdivided into the 

categories shown in Figure 10.  The ‘Other electrical and electronic equipment’ category had the highest 

contribution while ‘Structural component’ and ‘Temporary insulation’ were the categories with the next 

most frequent events.  These three categories accounted for 219 or 81% of the In-Situ challenging fire 

events.  

   

   
a. Fire Event Count for In-situ Types. 

 

 
b. Fire Event percentage distribution for In-situ Types. 

 
Figure 10. a) Fire Events count and b) Fire Event distribution of In-Situ Type for Challenging Fire Events 

For the Liquid group, the top types of fires were ‘Leak – oil-soaked insulation’, ‘Unconfined 

Spill’, and ‘Contained within Component’ as seen in Figure 11. These accounted for approximately 

76% of the Liquid group fire events.   
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a. Fire Event Count for Liquid Form. 

 

 
b. Fire Event percentage distribution for Liquid Form 

 
Figure 11. a) Fire Events count and b) Fire Event distribution of Liquid Form for Challenging Fire Events 

 

In the Transient group events, the results in  Figure 12 show that ‘Temporary electrical wiring or 

equipment’ contributed the most with 32 events. Moreover, ‘Trash’, and ‘Cellulosic materials including 

wood, paper, or other solid transients’ also had a major contribution.  These three categories represented 

approximately 66% of the Transient fire events.  
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a. Fire Event Count for Transient Types. 

 

 
b. Fire Event percentage distribution for Transient Types. 

 
Figure 12. a) Fire Events count and b) Fire Event distribution of Transient Types for Challenging Fire Events 
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The Insulation group challenging fires, which correspond to cable fires, was found to be mostly 

due to ‘Single Cable’ and ‘Multiple Cables not in a Tray or Bundle’, see in Figure 13.  These two 

subcategories accounted for 50% of the Insulation fires.  

 

 
a. Fire Event Count for Insulation Forms. 

 

 
b. Fire Event percentage distribution for Insulation Forms. 

 
Figure 13. a) Fire Events count and b) Fire Event distribution of Insulation Form for Challenging Fire Events 
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The results for the Gas group are shown in  Figure 14. Based on this data, the ‘Jet from a 

pressurized source’ contributed the most events with 9 followed by ‘Pressurized in a container’ with 5 

events.  These two cases represented 56% of the challenging fire events. 

 

 
a. Fire Event Count for Gas Forms. 

 

 
b. Fire Event percentage distribution for Gas Forms. 

 
Figure 14. a) Fire Events count and b) Fire Event distribution of Gas Form for Challenging Fire Events 
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3.2.2.  Fire Scenario Details 

 

Fire scenarios can mostly be defined through the categories Buildings, Component Group, 

Combustible Group, and Fire Cause.  Buildings and Component Group where the fire is located while 

Combustible Group describes what is burning and Fire Cause indicates how the fire was initiated.  In 

this section, the fire scenario details for the challenging fires are explored through further analysis of 

the database. This was only done for the Combustible Groups that were responsible for the most 

frequent fire events identified in the previous section.    

 

The details of electrical-based fire scenarios are provided in Figure 15. Other electrical 

equipment and electronic components (in-situ group), single cables and multiple cables not in a tray or 

bundle (insulation group), and temporary electrical wiring (transient group) are included in this 

electrical-based fire scenarios. This data found that most of these fire events occurred in the Turbine, 

Auxiliary, Control, and Containment (PWR) buildings.  These fire events typically occurred in 

Cable/Wiring, Electric Motors, Pumps, and Transformers. Electric Failure resulting in overheating 

materials was the major Cause of Fire associated with these events.  

 

Additional fire scenario details for the Trash and Cellulosic Materials (both in the Transient 

group) are provided Figure 16. These fires typically occurred in the Turbine and Containment (PWR) 

buildings. Since these are transient fires, there were typically no components associated with these fires. 

Hot Work (Cutting/ Welding/ Grinding, etc.) was the fire cause that generally initiated these events.  

 

The details for Liquid and Gas forms are provided in  Figure 17.  For Unconfined Spills, the 

Turbine and Main Transformer/Switch Yard buildings were where the majority of fires occurred.  These 

typically involved Transformers, Pumps and Electrical Panels. Electric arcing or sparks (non-HEAF), 

Electric failure resulting in overheating materials, and Overheated materials (lube oil, pump packing, 

thermal insulation, etc.) were the major causes of fire. Leak – Oil-Soaked Insulation fires commonly 

occurred in Turbine, Diesel Generator, and Containment (PWR) buildings and mostly involved 

Generators and Pumps. The major cause of ignition was Overheated materials (lube oil, pump packing, 

thermal insulation, etc.).  For Pressurized Gas Sources, these events were mostly in the Turbine building 

involving Generators with Explosion (hydrogen gas ignition, fuel vapor ignition, other volatile fluid 

vapor ignition) and Mechanical equipment malfunction/ failure being the major Fire Causes. 
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a. Fire Event Count in accordance with Building 

 

 
b. Fire Event Count by Component Group 

 

 

c. Fire Event Count by Fire Cause. 

 

Figure 15. Fire Event Count are represented for Electric-based fire events according to a) Buildings, b) Component Group, 

and c) Fire Cause. 
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a. Fire Event Count in accordance with Building 

 

 
b. Fire Event Count by Component Group. 

 

 
c.. Fire Event Count by Fire Cause. 

 
Figure 16. Fire Event Count are represented for Transient Materials according to a) Buildings, b) Component Group, and 

c) Fire Cause. 
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a. Fire Event Count in accordance with Building 

 

 
b. Fire Event Count by Component Group 

 

 
c. Fire Event Count by Fire Cause. 

 
Figure 17. Fire Event Count are represented for Liquid and Gas forms according to a) Buildings, b) Component Group, and 

c) Fire Cause.  
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4. DISCUSSION 

 

According to the modified fire severity criteria, 540 fire events were classified as challenging 

(challenging/ potentially challenging). Based on the results in the previous section, Table 5 represents 

the most frequent and challenging fires in NPP. The eleven types of fires in this table represent 74.2% 

of all challenging fires. The fire events are primarily identified and characterized through Primary 

Combustible Group – Types and Forms. Half of the challenging fire events in EPRI-FEDB are in the 

electrical and electronic equipment group, while transient and liquid fires contribute significantly to the 

number of events. The components typically involved in the challenging fire are electrical panel and 

pumps. The findings are comparable to the conclusions reached after examining the CREIPI database 

in [15], where for more than seventy percent of the fire events, significant risk contributors were 

identified to involve components classified as transients, electrical cabinets, and pumps in Japanese 

NPPs. The study in Ref. [15] only enlists the components involved and does not provide sufficient 

information on combustibles needed to relate the events to fire experiments.  

 
Table 5. Most frequent, challenging fire scenarios. 

 

 

The details of the most frequent challenging fire events were grouped and related to the types 

of fire experiments that could be used to quantify their burning behavior (e.g. heat release rate, flame 

height, gas temperature above fire, etc.).  The results of this are provided in Table 6. The table also 

provides the most common buildings, components involved, and fire cause. Additionally, these fire 

events primarily occurred in the Turbine Building with the major cause of the fires being overheating 

materials or electrical failure. The finding that most events occur in the Turbine Building is consistent 

with the analysis of the OECD database in Ref. [12], though details of the fire events were not provided.  

Fire experiment data are broadly used directly in PRA or used to validate models for PRA of NPPs. A 

Primary 

Combustible 

Groups 

Types/ Forms Counts 
Counts per 

Reactor Year 

(×100) 

Percentage of 

Challenging 

Fire Scenario 

In-Situ Other Electrical and Electronic 

equipment 

188 7.98 34.8 

Transient Temporary electrical wiring and 

equipment 

32 1.36 5.9 

Liquid Unconfined Spill 31 1.32 5.7 

Liquid Leak – Oil-soaked insulation 30 1.27 5.6 

Insulation Single Cable, Single Cable Trays 

and Multiple Cable not in a Tray 

or Bundle 

21 0.89 3.9 

Liquid Confined spill 19 0.8 3.5 

Transient Cellulosic Material including 

Wood Transient or other solid 

materials + Plastic Sheets 

19 0.81 3.5 

In-Situ Structural Component 17 0.72 3.1 

Transient Trash 16 0.68 3.0 

In-Situ Temporary Thermal Insulation 

Materials 

14 0.59 2.6 

Gas Pressurized in a container and Jet 

from a pressurized source 

14 0.59 2.6 

Total 401 17.01 74.2 
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description of the frequent challenging fire events and how they relate to previously performed fire 

experiments [24-34] is provided below.   

 
Table 6.  Fire Scenario occurrences in fire experiment. 

 

The most frequent of the challenging fires is electrical related equipment.  Other electrical and 

electronic equipment of the in-situ combustible group and temporary electrical wiring and equipment 

of transient groups were grouped because they both depict the materials placed inside an enclosure.  

Primary 

Combustible 

Group - Types/ 

Forms 

Fire Experiment  Building Component Group Fire Cause 

Other Electrical and 

Electronic 

equipment and 

Temporary 

electrical wiring 

and equipment 

Electrical Cabinet 

Turbine Building, 

Auxiliary Building, 

Main Transformer or 

Switch Yard 

Transformers, Pumps 

Electric Failure resulting in 

overheating materials, 

Electrical arcing or sparks 

(non-HEAF), Personal error 

Confined and 

Unconfined Spills 

Liquid fuel fires (pools, 

spills) 

Main Transformer or 

Switch Yard, Turbine 

Building 

Transformers, Pumps 

Overheated Material (lube 

oil, pump packing, thermal 

insulation, etc.), Electrical 

arc or sparks (non-HEAF), 

Electrical failure resulting in 

overheating materials 

Leak – Oil-soaked 

insulation 
Oil soaked materials 

Turbine Building, Diesel 

Generator Building, 

Containment (PWR) 

Generator, Pumps, 

Transformers 

Overheated Material (lube 

oil, pump packing, thermal 

insulation, etc.), Mechanical 

equipment 

malfunction/failure, 

Explosion (hydrogen gas 

ignition, fuel vapor ignition, 

other volatile fluid vapor 

ignition) 

Cellulosic Material 

including Wood 

Transient or other 

solid materials + 

Plastic Sheets 

Wood pallets / 

Combustible linings 

Turbine Building, 

Containment (PWR), 

Auxiliary Building 

Electrical Panel, 

Generator 

Hot work (Cutting/ welding/ 

grinding, etc.), Overheated 

Material (lube oil, pump 

packing, thermal insulation, 

etc.), Personnel error: 

Misuse of heating devices 

Trash 
Mixed Trash (paper, 

plastics) 

Turbine Building, 

Containment (PWR), 

Other 

Other, Not Labelled 

Hot work (Cutting/ welding/ 

grinding, etc.), Other (other 

personnel error, natural 

effect, etc. specify in 

comments), Electric Failure 

resulting in overheating 

materials 

Single Cable, Single 

Cable Trays, and 

Multiple Cable not 

in a Tray or Bundle 

Cables (single, multiple, 

trays) 

Turbine Building, 

Circulating Water Pump 

House/ Intake Structure, 

Containment (PWR) 

Electrical Panel, Cable/ 

Wiring, Pumps 

Electric Failure resulting in 

overheating materials, 

Electric arcing or sparks 

(non - HEAF), Other (other 

personnel error, natural 

effect, etc. specify in 

comments) 

Pressurized in a 

container and Jet 

from a pressurized 

source 

Flammable Gas Jets Turbine Building 
Generator, Electrical 

Panel 

Explosion (hydrogen gas 

ignition, fuel vapor ignition, 

other volatile fluid vapor 

ignition), Mechanical 

equipment 

malfunction/failure, 

Electrical arcing or sparks 

(non-HEAF) 
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These enclosures contain combustible materials and electrical circuits with power flowing through 

them, which can overheat or fail, resulting in a significant hazard event in an NPP.  To quantify the fire 

behavior of these fire events, electrical cabinet fire experiments have been conducted previously [26, 

35]. The electrical cabinet experiments typically evaluate the effect of burning behavior of combustibles 

inside the cabinet (circuit breakers, terminal blocks, power rails, relay circuits, switchboards, wiring, 

cables, etc.), ventilation into the cabinet, and cabinet size on the fire conditions  [26, 35]. 

 

Unconfined and confined spill forms represent the most common types of liquid fuel fires that 

can occur.  Unconfined spills are liquid fuel spills that occur on a surface without anything to control 

how large the fuel surface area can be (e.g., a flat floor). Conversely, confined spills have curbing or 

dykes around where a spill may be expected to control how large the fuel spill surface area will become.  

Since the surface area of the liquid is related to the heat release rate of the fire, the curbing or dykes are 

used to limit the heat release rate of the fire.  These liquid fires are typical in areas where spills may be 

expected such as transformers, pumps, etc.  Previous fire experiments have been conducted on both 

spill fires and confined spills.  Spill fire experiments have typically been conducted over different types 

of flat surfaces and have explored the effects of spill volume and continuous spill flow rate scenarios, 

both of which could occur in an NPP [36].  Confined spill burning behavior has also been explored 

through pool fire experiments in pans, where the burning behavior is dependent on pool diameter and 

the fuel-burning characteristics [37].  Confined spill burning rates are typically higher than unconfined 

rates in part due to unconfined spills being thin (on the order of 1.0 mm) resulting in more heat losses 

to the floor [36].   

 

Oil-soaked materials involve oil that has collected onto a surface over time and then ignited 

either due to self-heating or other ignition sources (e.g., sparks, elevated temperatures, etc.).  These fire 

events represent a more challenging fire than just the material since the oil in the material tends to 

enhance how easily it is ignited and the overall heat release rate of the material. Fire experiments on the 

burning behavior of oil-soaked materials are not common in the literature and need to be further studied.    

 

The most common transient type fires are pallets/combustible linings as well as trash.  Pallets 

can be wood or plastic-based, and fire experiments have explored the impact of the stacking height and 

material on the burning behavior [38].  Combustible linings are combustibles that are attached to walls 

or ceilings and can present a significant hazard due to flames being able to spread over their surfaces.  

These have been widely studied for different experimental configurations (walls, corners, ceilings, 

inside rooms, etc.) with the behavior significantly affected by the ignition and burning behavior of the 

material. Trash fires are fires that contain paper-based products and plastics in a container or bag.  Fire 

experiments have explored the effects of the ratios of paper and plastic, mass of trash, and bag/container 

type [38].  

 

Fires involving cables represent a significant hazard in NPP due to the amount of power cables 

through the plants as well as the impact of cable failure on plant operation. Cables can be found 

throughout an NPP in different configurations such as single cables, single cable trays, multiple cables 

not in a tray or bundle, and multiple cable trays. This is different from an electrical cabinet fire in that 

these cables are typically in the open and not located inside an enclosure.  Experiments have been 

conducted on all of these different types of cable configurations where the overall heat release rate, 

flame spread rate across cables, and ignition of items adjacent to burning cables have been measured 

[24, 36]. However, the burning behavior of cables is complex due to the effects of metal conductors, 

different combustibles through the thickness, spacing between cables, loading in trays, etc., making it 

difficult to accurately quantify the burning behavior.   

 

The last type of fire is a flammable gas jet from a container or pressurized source.  Based on the 

databased results, this is either hydrogen or hydrocarbon fuel.  Fire experiments have been performed 
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to explore the burning behavior of flammable gas jets including the effects of leak hole size and gas 

pressure on the heat release rate and flame length [39].     

 Future studies need to provide a detail review of the fire experiments provided above to 

highlight what experimental parameters have been explored as well as variables that have not been 

sufficiently investigated.  In addition, analysis needs to be conducted to determine which variables have 

the largest impact on the burning behavior to ensure sufficient data has been collected.   

5. CONCLUSION 

 

This research produced an electronic version of the publicly available data in the EPRI-FEDB 

to identify the most frequent and challenging fire event details.  From a database of 2,111 fire events, 

approximately 25% (540 events) of fire events were labelled as challenging using our simplified 

classification.  Of these challenging fire events, eleven types of fires represented the majority (74.2%) 

of challenging fires. The fire scenario details found by this analysis, such as location, components, and 

ignition mechanism, yielded similar results from previous studies [4, 12, 15].  However, the fire event 

attributes considered during this present study captured the plant-event characteristics more thoroughly 

by examining the combustibles involved together with components and nature of ignition during each 

fire event. The paper further leveraged this information to develop an association with fire experimental 

tests. 

   

For electric-based fire events (which consisted of other electrical and electronic equipment, 

temporary electrical wiring, and cables), most of the fire events occurred in the Turbine Building and 

typically involved electrical panel, pumps, and transformer component group. The fire cause for many 

of these events was reported as electrical failure resulting in overheating materials. Electrical cabinet-

related fires where combustible components are inside an enclosure represented the largest group of all 

challenging fires (40.7%).  Cable fires, where the cables are not inside an enclosure but in open as single 

cables or routed in trays, were also a significant contributor to the number of challenging fires (3.9%).   

 

Transient fires, including pallets, combustible linings, and trash, typically occurred in the 

Turbine Building and Containment (PWR) Building. The components typically involved in these fires 

included electrical panels and generator components, and the fire cause was mainly caused by hot work 

(cutting/ welding/ grinding, etc.). These types of fires were responsible for 6.5% of the challenging 

fires. 

 

Fires related to liquid and gaseous fuels included unconfined/confined spill fires, leak oil-

soaked materials, and pressurized gaseous fuel fires.  Unconfined and confined spill fires were primarily 

found in the Main Transformer or Switch Yard Building primarily caused by overheated material (lube 

oil, pump packing, thermal insulation, etc.), electrical arcing or sparks (non-HEAF), electrical failure 

resulting in overheating materials. The unconfined/confined spill fires accounted for 9.2% of the 

challenging fire events.  Leak oil-soaked insulation occurred mostly in the Diesel Generator Building 

and involved the generator component group. The fire cause was typically due to overheated material 

(lube oil, pump packing, thermal insulation, etc.).  Leak oil-soaked insulation was responsible for 5.6% 

of challenging fires. Pressurized gaseous fuel fires occurred mostly in Turbine Buildings and were 

reported as an explosion (hydrogen gas ignition, fuel vapor ignition, other volatile fluid vapor ignition) 

ignited by mechanical equipment malfunction/failure, electrical arcing, or sparks (non-HEAF). These 

fires accounted for 2.6% of the challenging fires and are not commonly investigated in experimental 

facilities and laboratories. 

 

The challenging fire events identified through the statistical analysis of the EPRI-FEDB were 

then related to fire experiment types that could be used to quantify the fire behavior of these events.  

The overarching goal of the research is to reduce the uncertainty in PRA through improving the 
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experimental data used for these risk assessments.  The results from this data analysis will be used to 

focus literature review of the experimental data to determine whether sufficient and accurate data exists 

for the most frequent and challenging fires.  This will be used to inform future experiments that can 

reduce the Fire PRA uncertainty.  
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