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Industry Comments on NFPA 805 FAQ 08-0046, Incipient Fire Detection Systems 
 
The industry has reviewed the NRC’s draft interim position given in NFPA 805 FAQ 08-0046, 
Incipient Fire Detection Systems, and appreciates the opportunity to comment on this clarifying 
guidance. The industry further appreciates the NRC’s efforts to acknowledge that the “…current 
state of the art with respect to fire detection systems includes very highly sensitive detection 
systems designed to sense very slowly progressing degradation of electrical components before the 
flaming stage of fire occurs (incipient stage),” and further appreciates the NRC’s recognition that 
“…a very high percentage of components inside electrical cabinets inside nuclear power plants would 
be expected to exhibit this type of degradation.”  
 

Conservative Qualifications in Draft Interim Position 
 
While the draft interim position is an encouraging step towards advancement of fire PRA technology, 
the industry notes that the draft interim position still includes significant conservative qualifications. 
Specifically, the draft interim position states that “there is limited data from which the various 
factors can be derived. The EPRI report has cited a small number of tests that demonstrate the 
sensitivity of Very Early Warning Fire Detection systems (VEWFDS). The tests, however, do not 
address the duration or probability of the incipient degradation process that is a key factor in the 
true benefit of these systems,” and follows this statement by addressing the effectiveness issue with 
overly conservative and technically unsupported restrictions on the use of credit for incipient 
detection systems. 
 
Limitation to Low Voltage Control Cabinets: A major conservative qualification is the limitation of 
credit for incipient phase detectability to low voltage (less than or equal to 250V) control cabinets. 
The EPRI Interim TR 1016735 had already proposed a conservative interim limit on AC voltage of 
480 to be consistent with the observation that no high energy arcing faults had been identified at 
this voltage level in the EPRI Fire Events Data Base (FEDB). The voltage limit also restricts 
application credit for 480 VAC cable runs, junction boxes, and powered equipment which have not 
had such “fast acting” fires reported in the FEDB operating experience.  No realistic mechanisms for 
fast acting cable or junction box fires been identified, as supported by the absence of such fires 
from the FEDB be taken into account. 
 
The draft interim position states that 480 volt electrical cabinets and rotating equipment have a 
“higher probability of not exhibiting incipient behavior,” yet no technical basis is provided. Moreover, 
the actual data from the FEDB show no incidence of the postulated behavior. It is not clear how 
events that have never occurred can lead to a “higher probability of not exhibiting incipient 
behavior.”   
 
“Fast Acting” Fires: Another conservative qualification is that there is no credit proposed for VEWFDS 
for rotating equipment nor fans plus electrical cabinet components considered susceptible to “fast 
acting” fires unless some other undefined technical basis is provided. The term “fast acting” is not 
defined in the context of fire growth stages. There appears to be a mix of the notion of fast fire 
growth after flaming starts and the incipient stages of fire development which are not fast acting. 
Prompt ignition without incipient growth stages would require an enabling condition such as a 
severe electrical transient, an electromechanical failure with attendant arcing, or some other 
substantial external heat source. The NRC has not identified any of the “variety of failure 
mechanisms” that it claims could reasonably be expected to lead to “fast acting” fires. Moreover, the 
FEDB data shows that all fires identified for electric pumps, MG sets, other electric motors, and air 
compressors could have reasonably been detectable by VEWFDS. Fans, even at lower voltages, are 
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explicitly excluded in the draft interim position even though the experience indicates that VEWFDS 
could be effective.  
 
Note that the two incipient fire detection system incidents reported in EPRI Interim TR 1016735 in 
tale 3-1 involved successful detection and suppression of incipient fire conditions for a fan in a relay 
cabinet and a service water pump motor. According to the limitations placed on IFDS crediting, 
these successes would not be credited without some other undefined technical basis provided on a 
plant specific basis. That means that actual successful uses of VEWFDS in real plant applications are 
discounted in the absences of an undefined technical analysis to prove that they can be effective in 
all potential scenarios. 
 
The draft interim position also requires inclusion of a factor to represent the population of 
components that “might fail quickly” within a low voltage electrical cabinet. Yet no spontaneous “fast 
acting” fires were identified in the FEDB involving these or similar components. Appendix C of EPRI 
Interim TR 1016735 identifies the arcing faults from the potentially challenging fire incidents within 
the FEDB that could potentially involve fast acting fire ignition in low voltage electrical cabinets. All 
of the arcing faults involved maintenance errors by technicians who were able to promptly suppress 
the fire with only localized damage within the cabinets. No other “fast acting” fire incidents were 
identified. None of the maintenance caused “arcing” incidents were in low voltage cabinets of the 
HEAF category. The draft interim position does not seem to include consideration of this data in the 
position by requiring a split fraction based on component counts rather than observed fire counts. It 
would be more realistic to use the fractions identified in Appendix C and treat the arcing fault group 
as promptly detected, limited to subcomponent damage (local), and non-propagating.  
 
In general, there appears to be a misperception or confusion about the nature of incipient fire 
growth and fire growth stages after ignition (flaming) occurs. The physics of fires indicates that 
without energetic, high temperature ignition enabling conditions or the presence of a volatile 
accelerant, the components identified as “fast acting” will undergo incipient stages well before 
ignition (flaming) wherein detectable particulates will most likely be given off tens of minutes, hours, 
or more before ignition and the faster fire growth phases occur. Other than from arcing faults and 
substantial over current electrical transients, or purposefully set fires, the incipient fire growth 
stages will precede the “fast acting” fire stage with substantial detection time for VEWFDS.  This is 
because the temperature at which detectable particulates are given off (typified by the “thermal 
particulate point”) is substantially below the temperature at which visible smoke is given off, and 
that in turn is usually below the point at which open flaming occurs. 
 
Alarm Response: The draft interim position also includes conservative qualifications regarding alarm 
response. For example, the draft interim position states that the alarm response needs to be 
accurately modeled, which mischaracterizes the situation when VEWFDS is used in place of spot 
detection systems.  Due to the far superior ability to detect incipient fire conditions well before 
smoke and/or flame occur, the corrective actions are much more like an immediate corrective 
maintenance action. That is, the response to the VEWFDS alarm is more of a preventive action 
before gross failure than a mitigation action after gross failure to prevent spreading the failure.   
While some small fraction of incipient fire conditions may require more rapid response to prevent 
propagation of fire damage to other SSCs, the vast majority will have the character and time of 
more deliberate preventive/corrective maintenance actions. 
  
Alarm Response HEP: The draft interim position goes on to set the baseline human response to an 
incipient detection system alert or alarm at 10-2 without justification. This is equivalent to saying that 
a response to a fire alarm by trained staff with specific procedures requiring a response will not be 
taken one in one hundred times. This includes first an “alert” notification level of the VEWFDS, and 



3 

then an “alarm” level indication. The conservative, screening approach to HRA in the SPAR-H 
methodology provides a baseline execution error rate of 10-3 for nominal operator response.  A value 
of 10-2 would require existence of multiple degradations of performance shaping factors to occur.  
The draft interim position provides no basis for believing that any such factors would exist for the 
VEWFDS scenarios. To the contrary, the draft interim position and EPREI Interim TR 1016735 call 
for training and procedures to ensure high quality and reliable response to VEWFDS alerts and 
alarms. Therefore, it appears that the choice of this HEP is extremely conservative.  
 
Corrective Action Response: The draft interim position additionally includes a conservative 
assessment regarding plant operational staff corrective action response after the alarm has been 
properly responded to.  The NRC position is that there is a 100% probability of failure of the plant 
staff to take appropriate corrective actions. This assumes that there will be a fire for every incipient 
condition requiring traditional plant fire suppression response.  Yet, the majority of these incipient 
conditions will be identified and prevented from achieving ignition (flaming) in the vast majority of 
instances due to the substantial lead time that would be available prior to the onset of fire growth 
phases. Timeframes are at least tens of minutes, and more expectedly hours to days, for these 
types of incipient conditions to develop into significant fires. These conditions would be more like 
corrective maintenances than fire fighting incidents. From a fire prevention perspective, the 
response would be essentially 100% effective and would not pose a fire ignition and growth threat. 
It is certainly a gross over conservatism to assume 0% effectiveness. 
 
With the above assumptions, the draft interim position has produced an event tree that is quite 
similar to the event tree provided in EPRI Interim TR 1016735, but with the conservative 
quantification guidance discussed above. From a quantitative point of view, the most important 
aspect of the draft interim position involves the fraction of fires that can be effectively detected in 
their early incipient stages. The impact on the outcomes is directly proportional to this limitation. 
In summary, the draft interim position takes issue with several points in EPRI Interim TR 1016735 
based on general concerns that are not well specified or technically supported and apply 
unnecessarily conservative alternative positions.  The positions are inconsistent with operational 
experience in the FEDB.  Available data has not been used to technically support the proposed 
position nor to refute the issues of concern in EPRI Interim TR 1016735.  The NRC staff position 
states that “the EPRI report has cited a small number of tests that demonstrate the sensitivity of 
VEWFDS.”  But that “the tests do not address the duration or probability of the incipient detection 
process…” The EPRI report did more than cite a small number of tests; a technical discussion of the 
tests, their applicability, and some of the physics of the issue were discussed.i  All indications 
pointed to substantially superior detection capability in the very earliest stages of incipient fire 
development.  

 
Expectation of Justification for Deviation 

 
In addition to the conservative qualifications noted above, the draft FAQ states that, “deviations 
from the information provided in this position should be justified and prior to credit in NRC 
regulatory activities should be submitted to the NRC for review and approval.” This is inconsistent 
with the existing regulatory approach for addressing technical adequacy of PRA.  NRC should be 
specifying only the requirements that need to be met in order to take credit for incipient detection 
and how much credit (i.e., the probability of failure).  These requirements already exist in 
ASME/ANS RA-Sa-2009, which is endorsed under RG 1.200.  The RG 1.200 certification process 
should be the means by which the credit given in the FPRA is validated.  The following specific 
requirements of the Standard, which have been accepted by USNRC in 1.200, apply. 
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• FSS-D8; INCLUDE an assessment of fire detection and suppression systems effectiveness in 
the context of each fire scenario analyzed. 

• FSS-H7; DOCUMENT the assumptions made related to credited firefighting activities 
including fire detection, fire suppression systems, and any credit given to manual 
suppression efforts. 

• DA-D1; CALCULATE realistic parameter estimates for significant relevant generic and plant-
specific evidence unless it is justified that there are adequate plant- specific data to 
characterize the parameter value and its uncertainty. When it is necessary to combine 
evidence from generic and plant-specific data, USE a Bayes update process or equivalent 
statistical process that assigns appropriate weight to the statistical significance of the generic 
and provides an appropriate characterization of uncertainty.. CHOOSE prior distributions as 
either noninformative, or representative of variability in industry data. CALCULATE 
parameter estimates for the remaining events by using generic industry data. 

• DA-D2; If neither plant-specific data nor generic parameter estimates are available for the 
parameter associated with a specific basic event, USE data or estimates for the most similar 
equipment available, adjusting if necessary to account for differences. Alternatively, USE 
expert judgment and document the rationale behind the choice of parameter values. 

• DA-D3; PROVIDE a mean value of, and a statistical representation of the uncertainty 
intervals for, the parameter estimates of significant basic estimates. Acceptable systematic 
methods include Baysian updating, frequentist method, or expert judgment. 

• DA-E3; DOCUMENT the processes used for data parameter definition, grouping, and 
collection including parameter selection and estimation, including the inputs, methods, and 
results. For example, this documentation typically includes 

(a) system and component boundaries used to establish component failure 
probabilities 

(b) the model used to evaluate each basic event probability 
(c) sources for generic parameter estimates 
(d) the plant-specific sources of data 
(e) the time periods for which plant-specific data were gathered 
(f) justification for exclusion of any data 
(g) the basis for the estimates of common cause failure probabilities, including 

justification for screening or mapping of generic and plant-specific data 
(h) the rationale for any distributions used as priors for Bayesian updates, where 

applicable 
(i) parameter estimate including the characterization of uncertainty, as appropriate 

 
These requirements provide the basis upon which credit can be granted for incipient detection.  As 
with all other systems modeled in a FPRA, it is necessary to establish the performance criteria (i.e., 
function) for the system and the probability of the system failing to perform the function.  It makes 
clear that in cases where actual data for the specific equipment is insufficient or unavailable, the use 
of data for similar equipment and/or expert judgment, properly applied and documented, is 
appropriate for meeting the requirements of the standard.  This would be determined on a case-by-
case basis through the RG 1.200 process, and should not be based on a declaration by NRC or 
require case-by-case approval by NRC. Any approach to incorporation of credit for incipient 
detection that meets the requirements of FSS-D8, FSS-H7, DA-D1, DA-D2, DA-D3 and DA-E3 for 
Category II and is found acceptable under the RG 1.200 process should be considered acceptable 
for application under NFPA 805.   
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i See Reference C-3 from EPRI Interim TR 1016735: Custer, R.L.P. and Milke, J.A., “Fundamentals of 
Fire Detection,” Section 2, Chapter 6, Fire Protection Handbook, 20th ed., National Fire 
Protection Association, Quincy, Massachusetts, 2007. 
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