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MEMORANDUM TO:  Alexander R. Klein, Chief 
    Fire Protection Branch 
    Division of Risk Assessment 
    Office of Nuclear Reactor Regulation 
    
FROM:    Mollie Semmes, Fire Protection Engineer /RA/ 
    Fire Protection Branch 

Division of Risk Assessment 
    Office of Nuclear Reactor Regulation 
 
SUBJECT:   WHITE PAPER: VERY EARLY WARNING FIRE DETECTION 

SYSTEMS 
 
 

Enclosed is a white paper entitled, “Very Early Warning Fire Detection Systems.”  The 

paper offers a high level overview of very early warning fire detection systems, including how 

they work, their applications in U.S. nuclear power plants, and future research the U.S Nuclear 

Regulatory Commission is conducting on how to credit these system in Probabilistic Risk 

Assessments. 

Enclosure 
As stated: 
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ENCLOSURE 

 

White Paper: Very Early Warning Fire Detection Systems 

Introduction 

Since the inception of the Appendix R rule for safe shutdown in the event of a fire, many nuclear 
power plants were challenged to meet the requirements because they were already built or 
designed. The U.S Nuclear Regulatory Commission (NRC) has issued exemptions to plants that 
demonstrated an alternative way to achieve the separation of safety systems required by the 
rule (Reference 1).  While nuclear power plants in the U.S. are safe under the Appendix R rule, 
many licensees felt that the rule was burdensome because of its one-size-fits-all nature.  The 
NRC offered licensees an alternative to use a more risk-informed, performance-based licensing 
basis in the form of National Fire Protection Association 805, “Performance-Based Standard for 
Fire Protection for Light Water Reactor Electric Generating Plant,” otherwise known as NFPA 
805 (Reference 2).  By doing this, licensees are able to focus their resources on the highest risk 
areas of their plants and increase overall safety. Very Early Warning Fire Detection (VEWFD) 
systems are a tool licensees can use to enhance safety in high risk electrical cabinets.  The 
VEWFD systems discussed in this paper use continuous air sampling to detect the tiny particles 
of combustion released as a material heats up and degrades in the incipient stage of a fire, well 
before flaming occurs, and can be more sensitive than conventional smoke detectors 
(Reference 3, Reference 4).  The incipient stage is defined as the initial stage of a fire where 
there is smoldering, but no flaming, and at which point the fire can still be controlled or 
extinguished easily (Reference 4, Reference 5).  At this stage, plant personnel still have time to 
address the issue and prevent a fire from propagating and possibly damaging structures, 
systems, or components important to safety. VEWFD systems are used extensively in 
telecommunication facilities, where downtime caused by a fire can be costly. 

Very Early Warning Fire Detection Systems 

There are two main types of VEWFD systems: aspirating air sampling detectors (ASD) and 
spot-type detectors1, which more closely resemble conventional smoke detectors.  Both types of 
systems can be more sensitive than conventional smoke detectors, depending on the make and 
model used (Reference 6).  Frequently Asked Questions (FAQ) 08-0046, “Incipient Fire 
Detection Systems” (Reference 7), which provides interim guidance to licensees on how to 
credit VEWFD systems, only applies to aspirating air sampling detectors and therefore the rest 
of this paper will focus solely on this type of system2.  Air sampling detectors utilize a network of 
sampling pipes that continuously draw air in and through a very fine mesh filter, where dirt and 
dust is removed. The sample then enters the detection chamber.   There are two main 
technologies for detection: a laser detection chamber and a cloud detection chamber.  In a laser 
detection chamber, the small particles of combustion cause the laser beam to scatter.  The 
highly sensitive receivers within the chamber detect the scattered light and the system then 
alerts the user (Reference 4).  In a cloud detection system, the small combustion particles enter 
a chamber where distilled water is used to create a 100% humidity atmosphere.  The 
combustion particles bind to the water molecules to amplify their size so they can be detected 
(Reference 4).  Because of the highly sensitive nature of these detection systems, users may 
program different alarm levels based on the concentration of combustion particles in the sample 
(Reference 3).  Typical systems have multiple alert and alarm conditions, and are usually 

                                                           
1. Spot type VEWFD detectors utilize photoelectric smoke detection, combined with local air sampling using a small fan within the 

detector (Reference 4).  They resemble conventional smoke detectors.  They are rarely used in nuclear power plants and are 
outside the scope of this paper. 

 
2.     The NRC Office of Research is currently conducting research to better inform the state of knowledge on crediting VEWFD 

systems.  This is discussed further later in this paper. 
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installed in accordance with NFPA 76, “Standard for the Fire Protection of Telecommunications 
Facilities.”  NFPA 76 sets minimum sensitivity levels for alert and alarm conditions (Reference 
8). 

VEWFD systems can detect fires in the incipient stage, which allows the user to investigate the 
alarm and address the problem before a fire even starts.  Most maintenance and testing can be 
performed at the single point where the sampling pipes meet the detection chamber, however 
the filters must be replaced periodically and the sample piping network should be inspected at 
regular intervals to make sure no damage has occurred (Reference 9).  These inspections are 
important, because there is no mechanism to determine the airflow at a specific sampling point.  
If a pipe gets clogged or leaks, there is no way for the user to tell where the damage has 
occurred along the network.  For cloud detection systems, the distilled water supply must be 
replaced frequently (Reference 4).   Along with increased sensitivity and greatly improved 
response time comes a few unique challenges.  The tiered alarm system means that personnel 
response is crucial.  If personnel do not respond appropriately when an alert goes off they will 
not have time to address the problem and a fire may develop despite the early warning.  In 
nuclear power plants, there will be multiple alert and alarm levels and staff must be trained on 
how to respond to each one or the system may not function as intended.  Plants will typically put 
proper response processes into plant operating procedures.  This is especially true if the plant 
intends to take Probabilistic Risk Assessment (PRA) credit for the installation of the VEWFD 
system. 

Uses of VEWFD Systems 

Depending on the hazards and air flow in the room, the air sampling system may utilize many 
sampling pipes covering an entire area (as shown in Figure 1), a sampling pipe placed within a 
high-risk electrical cabinet, or a sampling pipe placed directly over a return air grill.  The latter 
option works best for larger, open spaces or areas where standard smoke detectors would not 
function well due to high airflow rates (Reference 9). 
  

 
Figure 1. Example Air Sampling System (Reference 3) 

VEWFD systems are traditionally used in facilities where a fire could cause expensive damage 
or where especially high value items are kept.  Telecommunication facilities use VEWFD 
systems to prevent costly work stoppages caused by a fire in their data centers.  Often times, 
overheated wires may cause smoking within servers which cannot be seen or are in 
unmonitored areas.  VEWFD systems alert staff to the problem so it can be corrected before 
flaming occurs and the equipment has to be shut down.  Other facilities, like museums, may use 
VEWFD because of the rarity of the artifacts they house.  Several of the Canadian CANDU 
reactors have been using VEWFD systems since the late 1990s as an added defense in depth 
measure to detect slow-building electrical fires (Reference 10).  The detection systems are 
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placed in control equipment rooms and cable spreading areas, as well as many electrical safety 
spaces (Reference 11) 

Licensee Use of VEWFD Systems 

Over the last decade, several U.S. nuclear power plants have installed VEWFD systems; both 
in-cabinet and area wide as part of the transition to NFPA 805 (see Appendix A for the full list of 
NFPA 805 plants with VEWFD systems)3.  The Shearon Harris plant was the first to receive a 
license amendment to transition to NFPA 805.  The plant installed VEWFD systems in electrical 
cabinets in high risk areas and in many ways has served as a test plant not only for the NFPA 
805 transition, but also for the installation of VEWFD systems.  In 2013, the plant was able to 
prevent one fire from occurring by lifting overheated wires away from plastic combustibles after 
receiving an alert signal, well before smoking or flaming occurred.  In the same year, the 
VEWFD system alerted the staff to an electrical failure more than two hours before the event 
occurred (Reference 12, Reference 13).   

In order to facilitate the use of VEWFD systems, the NRC staff and industry groups have 
published guidance on how to credit them in Fire PRA analyses.  In 2009, the NRC issued FAQ 
08-0046, “Incipient Fire Detection Systems” (Reference 7) to provide an interim position on the 
method for determining PRA credit given in Electric Power Research Institute (EPRI) Technical 
Report 1016735, “Fire PRA Methods Enhancements, Additions, Clarifications and Refinements 
to 1011989” (Reference 14).  This FAQ only applies to VEWFD systems installed to monitor 
electrical cabinets.  At this point in time, only in-cabinet systems are covered under the EPRI 
report.  The approach found in EPRI TR 1016735 uses an event tree to model the factors that 
could impact the effectiveness of a VEWFD system in performing its intended function 
(Reference 7).  The staff found that the EPRI approach was generally acceptable, and provided 
three additional considerations for licensees.  The first was to incorporate the failure of electrical 
components into the event tree, the second was to factor in the inherent uncertainty in the 
incipient phase degradation time, and the third was to add in a human response factor.  Based 
on these concerns, the NRC staff proposed an alternative event tree to more accurately capture 
the fire risk (Reference 7).  This event tree utilizes split fractions to determine the risk based on 
the outcome of several issues or events that would arise during a theoretical fire scenario.  

As mentioned earlier in this paper, personnel response plays an important role in how effectively 
the VEWFD system will perform.  As part of a larger effort to gain a better understanding of 
VEWFD systems and how to credit them in Fire PRAs, the NRC Office of Research is 
investigating human actions in response to VEWFD system alarms.  This research will examine 
the performance of personnel actions so that the actual risk reduction of VEWFD detector 
installation can be determined and appropriate PRA credit can be given.  In addition, this 
research covers the topic of how to credit area-wide VEWFD systems in a Fire PRA. 

Conclusion 

VEWFD systems can increase safety in some of the higher risk areas of nuclear power plants, 
as long as the system is installed and operated in accordance with applicable codes and 
standards and personnel are given the proper training.  At this point in time, only PRA credit for 
in-cabinet systems is covered in FAQ 08-0046 and EPRI Technical Report 1016735. As the 
NRC develops more sophisticated guidance on PRA credit and the industry gains more 
operating experience, it is likely that more licensees will incorporate these systems into their 
facilities. 
 
                                                           
3.     In addition, some U.S nuclear power plants installed VEWFD systems before the issuance of risk-informed, performance-based 

fire protection regulations in 10 CFR 50.48(c). 
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Appendix A: NFPA 805 Plants Crediting Very Early Warning Fire Detection Systems 
 
This table shows the NFPA 805 plants that either have installed VEWFD systems or will have 
them installed as part of the transition to NFPA 805.  
 

Nuclear Power Plants Application 
Area Wide In-Cabinet 

Shearon Harris Nuclear Power Plant (NFPA 805 Pilot) No Yes 
Cooper Nuclear Station No Yes 
Fort Calhoun Station, Unit 1 Yes No 
Virgil C. Summer Nuclear Station, Unit 1 No Yes 
Turkey Point Nuclear Generating, Units, 3 and 4 Yes Yes 
Brunswick Steam Electric Plant, Units, 1 and 2 Yes Yes 
Joseph M. Farley Nuclear Plant, Units 1 and 2 No Yes 
Arkansas Nuclear One, Unit 2 No Yes 
Palisades Nuclear Plant Yes No 
Browns Ferry Nuclear Plant Units, 1, 2, and 3 Yes Yes 
St. Lucie Plant, Units, 1 and 2 Yes Yes 
Diablo Canyon Nuclear Power Plant, Units, 1 and 2 No Yes 
H.B. Robinson Steam Electric Plant, Unit 2 Yes Yes 
Beaver Valley Power Station, Units 1 and 2 No Yes 
Arkansas Nuclear One, Unit 1 Yes No 
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