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1 Page 1-1 29 EPRI reports 1011989 and 1016735 can be referenced 
without the "TR" designator. 

Accept deleted "TR" from page 1-1 and 16-4 

2 Figure 1-1 31 Earlier in Executive Summary, it is noted that ion spots 
were faster than 3 of 5 ASD tested. (xviii line 51). There 
were 5 ASD tested in total, but not all evaluated at the 
same time; no more than 3 ASD were included in any 
test series. 

Accept Testing column of Figure, change "3" to "5" ASD systems 

3 Page 2-2 38 In the citation of NFPA 805, the quotation marks should 
be placed after "...Plant," instead of after "...2001 
Edition." 

Accept Changed per comment.  Also changed in Executive 
Summary 

4 Page 2-2 38 Consider rewording "The performance objective for 
using these VEWFD systems is to provide earlier 
notification to plant personnel that may allow for 
additional time for human intervention before fire 
conditions that threaten reactor safety" to "…before fire 
conditions threaten reactor safety" 

Accept deleted second "that" 

5 Page 2-2 38 Consider rewording "Section 13 of Supplement 1 titled, 
‘Incipient Fire Detection Systems,’ provides an interim 
position for determining the non-suppression probability 
for fire scenarios that have installed incipient fire 
detection systems installed" to remove the duplicate 
"installed." 

Accept deleted second "installed." 

6 Page 2-3 39 In the second sentence in Section 2.1.1, replace 
“probability of occurrence" with "frequency of 
occurrence." 

10 CFR 50 Apx A GDC 3 uses the 
term "probability" as does CMEB 
9.5.1 and RG 1.189.   

None  

7 Page 2-6 42 Where stated "while smokes from smoldering fires tend 
to have a larger fraction of particles micrometer sized or 
greater, and they tend to scatter more incident light that 
the fraction absorbed," replace "that" with "than.” 

Accept per comment 
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8 Figure 2-3 41 The growth profiles presented all reflect conditions after 
ignition, and do not indicate the available time during the 
incipient stage. This should be noted because the times 
are otherwise somewhat misleading. 

Accept Added note to figure caption "(Note: incipient, steady-state, 
and decay stages not shown) 

9 Page 2-6 42 For instance, flaming fires tend to produce smokes that 
have a large fraction of sub-micron particles that tend to 
absorb a greater fraction of incident light than the 
fraction scattered, while smokes from smoldering fires 
tend to have a larger fraction of particles micrometer 
sized or greater, and they tend to scatter more incident 
light that the fraction absorbed. 
 
Typical flaming fires produce more particles that are sub-
visible < 350 nm and smoldering fires produce more 
visible particles > 350 nm. The proportion of scattering to 
absorption is more related to the material rather than the 
burning method. Drysdale (the cited reference) does 
reference that agglomerated smoke particles can be 
greater than 1 μm, but does not appear to comment on 
the relative reflectance or absorbance or flaming versus 
smoldering fires. 

The existing text is a good generic 
description and fits the context of the 
next two sentences "Based primarily 
on these factors, an ionization type 
detector is better suited for detecting 
flaming fires and a photoelectric type 
detector is better suited for detecting 
smoldering fires.  Because of these 
differences, combination detectors 
have been developed and are 
available on the commercial market 
(Ref. 12)."  The comment does not 
add value and if added could result in 
confusion. 

No change 

10 Page 2-8 44 Where stated "The size of the particle produced by 
diffusion flame4 combustion also varies with the 
heating…" the superscript location should be after the 
word "combustion." 

Accept per comment 
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11 Page 2-8 44 The earliest indication of a fire occurrence usually 
involves the heating of materials during the pre-ignition 
(incipient) stages, which produces submicron particles 
ranging in size from 5×10-4 to 1×10-3 
micrometers.1x10-3 μm is only 1 nm, incipient stage 
combustion can produce particles much larger than this. 
If this is referring only to pyrolysis, these numbers are 
within range. The definition of incipient combustion 
includes the smoldering phase, which can produce 
particles much larger than 0.001μm 

Added "initially" and the appropriate 
reference for this which directs the 
reader to the more detailed write-up 
in the "Fire Alarm and Signaling 
Systems Handbook." also added (via 
pyrolysis) to clarify that this size of 
particle is typical of that phase. 

Modified sentence to state:The earliest indication of a fire 
occurrence usually involves the heating of materials during 
the pre-ignition (incipient) stages, which initially produces 
(via pyrolysis) submicron particles ranging in size from 
5×10-4 to 1×10-3 micrometers (Ref. 11).  
 
Also added footnote:This range is representative of the 
typical particle sizes observed during the early stages of 
pyrolysis.  Larger particles sizes outside of this range are 
likely and dependent on materials and/or smoldering 
combustion. 

12 Page 2-9 45 Use "·" for multiplication in the light obscuration 
equation, rather than "x" to be consistent with other 
equations in this section, and to avoid confusion on 
whether or not "x" is a variable rather than an operation. 

Accept per comment and added "·" to several of the equations 
above on the same page 
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13 Page 3-1 59 "Installed as risk reduction measures to support risk 
quantification studies"  
 
While each study may have different insights (whether 
deterministic or probabilistic), fire protection safety 
studies are performed to identify plant vulnerabilities and 
generation of insights that can be used to enhance plant 
safety. It may be misleading to characterize the 
installation of VEWFDS "as risk reduction measures to 
support risk quantification studies.” It is likely that these 
systems are installed to prevent or reduce the likelihood 
of a damaging fire in a critical area of the plant. 

The statement in the report is based 
on information provided by the plants 
visited (as the statement indicates).  
For the non-deterministic 
applications, the systems were 
installed either to support IPEEEs or 
PRAs that supported NFPA 805 
transitions.  Although these VEWFD 
systems were installed to reduce the 
likelihood of a damaging fire, their risk 
reduction was also quantified in the 
study.  Therefore the authors believe 
that the report documents the 
statements made. 

None  

14 Page 3-5 63 It appears that the differences in plant response/alarm 
response are not due to the analysis (IPEEE versus 
modern fire PRA methodology), but rather due to plant 
location. The first case is -ex control room and the 
second case is within the control room. 

Revise to clarify changed sentence to indicate that PRA vs IPEEE operator 
responses were "very similar, with some slight 
differences..."  Authors do not believe that the differences 
in operational response were due to plant location, but 
rather utilities choice on the response they felt was 
appropriate. 
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15 Page 3-5 63 The focus of this report appears to be upon VEWFDS 
response and a comparison/development of a method to 
credit VEWFDS in fire PRA methodology. The use of 
"fire PRA case" and "non-fire PRA case" may cause 
confusion. Suggest rewording these paragraphs to 
describe the application of the technology "to protect x" 
versus the analysis application. The plant risk due to fire 
is the plant risk due to fire. Unless plant practices, site 
knowledge, or physical plant modifications are made, the 
actual plant risk will not change. Over the course of 
developing fire PRA technology we can do a more 
realistic or detailed approach to more accurately 
characterize plant risk, but we're not actually changing 
the actual plant risk without first understanding 
vulnerabilities, etc. Therefore, it would be best to leave 
the analysis goals (IPEEE - to search for vulnerabilities 
versus fire PRA - NFPA 805, etc.) out of the description. 

Revised to remove distinction 
between PRA vs non-PRA 
applications 

Referred to specific site applications generically. 

16 Page 3-5 63 Suggest spelling out RTGB, it is not a common acronym. Accept acronym deleted from entire report and spelled out. 

17 Page 3-8 66 In the statement "The basis for using VEWFD systems 
as specified in NASA-STD-8719.11 Revision A, Safety 
Standard for Fire Protection (Ref. 24)," the word "as" 
should be changed to "is." 

Agreed  Changed per comment 

18 Page 3-8 66 Fewer nuisance alarms were installed than spot 
detectors. 
 
It appears that this should have read “Fewer nuisance 
alarms occurred than where spot detectors were 
installed” 

Agreed  changed per comment 
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19 Page 4-2 74 Alert level of 0.2 %/ft obscuration at each port (or 
sensitive spot detector), and an Alarm level of 1.0 %/ft 
obscuration, these were the target sensitivities for ASDs 
and the sensitive spot detector.  
 
These are the minimum allowable levels to meet the 
definition of VEWFD system. If set to these levels (at 
each hole location), then it may be equivalent to high 
sensitivity spot detectors. For area-wide detection, the 
added benefit of the active air sample would likely 
improve ASD performance, but in cabinets with very little 
forced airflow there should be no difference. The primary 
benefit of ASD is that you can set them to alert at much 
more sensitive levels, whereas the 0.2 %/ft is about the 
limit for most high sensitive spot detectors. 
 
The in cabinet tests did evaluate pre-alarm levels for 
ASD less than 0.2 %/ft. The sensitivity of the ASDs 
differed for each test. It would be helpful if some 
discussion could be provided to the effect of sensitivity 
on ASD performance. 

Comment has two parts.  Agree to 
part 1 and modify text accordingly.  
The 2nd part of the comment is 
addressed in other areas of this 
report and the data directly and 
indirectly. 

Added 
These are the minimum allowable levels to meet the 
definition of VEWFD system.  If set to these levels (at each 
hole location), then it may be considered to meet the 
minimum sensitivity requirements of NFPA 76 for VEWFD.  
For area-wide detection, the added benefit of the active air 
sample would likely improve ASD performance, but in 
cabinets with very little airflow there may be little to no 
difference.  The primary benefit of ASD is that you can set 
them to alert at much more sensitive levels, whereas the 
0.2 %/ft obscuration is about the limit for most high 
sensitive spot detectors. 

20 Page 4-3 75 Reference is broken (not found). Agreed  fixed broken link. 
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21 Page 4-6 78 The first 10 materials were degraded by conduction of 
heat from a copper block bus bar whose temperature 
was ramped from ambient to 450 ºC or 485 ºC.The ramp 
time is critical to establish detection differences between 
detection technologies. The best method may have been 
to ramp to a single temperature and determine whether 
detection could occur or not, and identify the minimum 
wire temp that could be detected, not to ramp to the 
highest temperature and compare times to detection. 
Thus, the reported time may be arbitrarily linked to the 
heating rate of the block, not any real in-plant scenario. 
A difference of a few seconds in the tested scenarios 
may be the difference of several minutes to hours in a 
real event. 

The report clearly state the 
temperature ramp is a parameter and 
we cover a range, later log and 
exponential rates are compared to the 
max temp at a fixed time.  A 
discussion on heat conduction and 
ignition potential is also provied in 
Section 5.8 of the report.  Since the 
particle generation is a first order 
function of the temperature it does not 
make sense to conduct heat and hold 
experiments. 

No change 

22 Page 4-6 78 Early scoping experiments were conducted with fewer 
than five wires, but it was observed that the best 
chances for conventional alarm response were realized 
with the five-wire arrangement.  
 
This statement indicates that the conventional detectors 
required more smoke. The conclusions do not state this 
clearly and this point is not discussed in any subsequent 
section. 

The intent was to compare 
performance of VEWFD systems to 
conventional. We chose to focus on 
events that would eventually be 
detected (usually) by both 
technologies in the configurations 
chosen. 

No change 

23 Page 4-9 81 A load cell was used to weight the wire samples before 
and after each test 
 
Change “weight” to “weigh.” 

Agreed  changed per comment 
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24 Page 4-19 91 In Figure 4-17, it appears one ASD was sampling from 
the 4th hole while the other two were sampling from the 
3rd hole, a transport difference of 0.61 m. This may not 
have a major impact, but could cause a few seconds of 
difference. 

Drawing is as tested. The ASD 
sampling the 4th hole is ASD 1, whose 
results are given in the appendix only, 
ASD2 and ASD3 sampled from the 
third holes the respective pipes. 

No change 

25 Page 4-45 
to 4-48 

Figures 4-
45 to 4-49 

117 ASD 4 and 5 sample orientations 
 
The number and orientation of sampling points is 
different on the return air grill and for area wide. The 
issue is that the spacing for the ASD4 between the 
cabinets is 3.35 m but for ASD5 is 5.08 m, with no 
samples between the rows. Suggest adding some text to 
clarify the observed difference. 

ASD 4 Designed to meet the intent of 
NFPA 76. ASD 5 design supplied by 
system vendor. 

Modified last sentence for grammar and added sentence 
The piping network design was supplied by the system 
vendor, and also meet the intent of NFPA 76. 

26 Page 4-49 121 The average smoke response times for three 
measurements at the first cabinet were 19.4 ± 2.4, 33.2 
± 6.7 and 13.7 ± 0.2 seconds for ASD1, ASD2 and 
ASD3, respectively. The measurements at the last 
cabinet were 20.3 ± 1.8, 32.0 ± 1.7 and 15.3 ± 1.2 
seconds for ASD1, ASD2 and ASD3, respectively.  
 
The transport time for ASD2 at the last cabinet is shorter 
than for the first cabinet. 

Obviously an outlier in first cabinet 
ASD2 measurement (note large 
sigma).  All measurements were 
within the 60 second requirements for 
VEWFD per NFPA 76. 

No Change 
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27 Page 5-1 133 It is important to note that this experimental research 
was not designed to assess the performance of VEWFD 
models or types against one another, but rather, was 
designed to assess the potential VEWFD performance 
against conventional detectors.Different detectors 
operate using unique principles, and one-to-one 
comparative analyses conducted by matching the 
obscuration levels are not always appropriate. In reality, 
the alarm threshold levels specified for each device 
installed would be unique. 

This point is stated in Section 4.1.  In 
the context of NFPA 76 the minimum 
sensitivity is fixed. Minimum 
sensitivities are not uniquely listed for 
detectors using different sensing 
technologies.  The vendor of the 
cloud chamber device is activity 
addressing this now. The potential 
performance differences have been 
assessed and they cover a range that 
may be experienced in the field, (not 
just one installation).  

No change 

28 Page 5-3 135 The report compares the Pre-alert response (0.1%/ft for 
light scattering ASD) to the alarm response for the spot 
ionization detector (1.0 %/ft) and concluded that the ion 
was performing much faster and more reliably. Although 
ionization may be more sensitive to pyrolyzed material, 
better detection at an order magnitude less sensitive 
setting is unusual. 

These results are actually not really 
surprising when considering the 
particle size distribution and particle 
concentrations measured. For very 
small particles the light scattering is a 
function of the particle diameter to the 
6th power (Rayleigh scattering).  

No change 

29 Page 5-26 158 The draft concludes that the ASD were faster performing 
than the ion, but the SS photo was also faster. This is a 
major reversal from the previous in-cabinet, no airflow 
tests. This observation should be further discussed. 

See Comment 30 for response See Comment 30 for document modification 
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30 Page 5-32 164 The SS spot at 0.2 %/ft consistently alerted before the 
light scattering ASD5 at 0.13 %/ft.   
 
Since this was a change from the previous test results, 
this observation should be further discussed. It may be 
the result of using XLPE and CPPE wire only, which 
were among the largest smoke particles. 

Both of these comments (#29 & #30) 
refer to observations related to 
comparisons between experiments 
that had different conditions, primarily 
the variation of test materials.  The 
trends are as reported for the given 
configurations and would expect 
trends to vary for any other infinite 
configurations (materials, etc).  
Section 5.9 addresses these 
variations in the evaluations.   

No change 

31 Page 5-55 187 The results indicated that, as the ventilation rate 
increased, the effectiveness of any smoke detector 
technology in detecting the incipient source decreased. 
 
This was not the case for all conditions, low ventilation 
rates improved response of light scattering ASD and SS 
in some cases. 

Clarification added Statement generalized and point comment identifies is now 
included in the report. 

32 Page 6-1 193 Ultimately, all fire scenarios are summed to determine a 
core damage frequency due to fire. However, the 
number is just one part of the equation and the 
development of risk insights is equally or more important 
than the development of a number. 

Agreed  The fundamental concept of a fire PRA is to estimate the 
total core damage frequency (CDF) arising from fire 
initiators and develop risk insights.  

33 Page 6-2 194 The discussion of previous quantification approaches in 
the body of the report may cause confusion. Suggest 
focusing Part II on the probabilistic modeling approach 
and move information not relevant to the revised method 
into an appendix. 

No change. The previous method is 
discussed to add perspective and to 
support addressing Objective G. 

None  
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34 Page 6-7 199 In addition to simulation, decisions trees and expert 
judgment, time to detection can also be determined via 
empirical equations; see Milke's correlation and 
Mowrer's correlation. 

Revised "empirical equations" only provide a time to detection 
estimate and do not represent a method (by themselves) to 
quantify the non-suppression probability.  Text has been 
changed to clarify "detection/suppression estimates" 
should have been the "non-suppression probability 
estimate" 

35 Page 6-7 199 Crediting a detection or suppression system is 
anticipated to reduce the calculated fire risk. Typically, 
event trees are used to evaluate differing end states (fire 
causes damage to initiating component, fire causes 
damage to secondary targets, fire causes damage to 
room (HGL)) and the credit of any detection or 
suppression system. Suggest this sentence be 
reworded. 

Revised changed "risk improvements" to "risk reductions" and 
added sentence at the end of paragraph to describe end 
states per comment 
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36 Page 6-9 201 End state of "cabinet damage" may still be 
overestimated based on a review of fire event 
experience related to electrical cabinet fires which 
suggest that even cabinets that have observed flaming 
tend to stay localized within the cabinet. 

Although in many cases this 
statement may be true, the current 
state-of-the-art fire PRA methods 
assume that a t-squared fire growth 
begins at time of ignition.  This is 
described in Section 2.2 of this report.  
If methods become available that 
incorporate either a pre-growth or 
different growth profile (duration) then 
the methods presented in this report 
can be adjusted to incorporated any 
changes.  However, since this 
concern is not specific to VEWFD 
systems, it is considered to be 
outside the scope of this work. 

None  

37 Page 6-5 197 The 1 – pi3 and 1 – pi1 branches (Figure 6-5) effectively 
remove credit for automatic detection and suppression. 

Revised Event trees has been modified to account for automatic 
detection and suppression for the cited branches. 

38 Page 7-1 203 It is understood that it is difficult to discern the fraction of 
fires that exhibit incipient detection from fire event data. 
The event review focused on fires that exhibited an 
incipient stage of 30 minutes or greater. Unfortunately, 
this introduces a conservatism that assumes fires with 
an incipient stage less than 30 minutes cannot be 
suppressed prior to flaming. Some attempt should be 
made to quantify this time duration/event set. 

Similar to comment #143.  See 
Comment #143 for resolution. 

See Comment #143 for document modification. 
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39 Page 7-4 206 This paragraph discusses events that are in Bin 4 - Main 
Control Board. This discussion seems out of scope since 
the focus of this method is on Bin 15. 

Don’t see any reference to Bin 4 on 
this page.  

This comment may possibly be related to the operating 
experience gained from fast acting components from two 
LER sources. These sources may have been included in 
the Bin 4- Main Control Board. If so then any insights that 
were made to fast acting components would still be 
relevant and within the scope of this analysis. The bin 4 
main control boards are only out of scope for timing and 
credit due to the fact that the area is continuously occupied 
and an incipient system might not perform better than the 
human nose. The cabinet types are however of a similar 
design and function to others within bin 15. Events that 
were not in the EPRI FEDB were not used for estimation in 
this report. 
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40 Page 8-1 215 The “cabinet damage” end state seems more consistent 
with fire severity classification - fires extending beyond 
the component of origin. Also, it is unclear why 
suppression activities constitute “cabinet damage.” 

Single component failures are 
screened from the fire frequency 
database. "Cabinet damage" is simply 
related to the loss of equipment within 
the enclosure given there is a fire and 
suppression activates taking place. It 
does not extend the boundary of the 
enclosure. The terminology and 
modeling approach would be similar 
to that found in FAQ 13-005 Special 
Cases Cable Fires. The entire cable 
tray is assumed damaged given a 
cable fire because it is unknown 
which adjacent cables could be 
damaged. Same principal for the 
electrical enclosure fire.   

Added "within the electrical enclosure" to stress we are not 
talking about components beyond the origin (origin being a 
single electrical enclosure) 

41 Page 8-4 218 Roughly 15% of electrical cabinet fires are detected by 
fixed detection systems. Most of the remaining fires are 
detected by plant personnel or other control room 
indications. Therefore, it is likely that the installation of 
incipient detection systems would increase the number 
of fires detected by fixed detection systems. There has 
been substantial industry OE with respect to incipient 
detection that suggest early component failures are 
being detected on a more frequent basis. 

EPRI  and NEI has been asked for 
OE related to incipient fires on 
multiple occasions and all relevant 
OE received to date has been 
included in this report  

None  

42 Page 8-4 218 Where stated "the phenomena that effect the duration of 
the incipient stage," the word "effect" should be replaced 
with "affect" 

Agreed  changed per comment 
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43 Page 8-4 218 Where stated "but could potentially follow a logarithmic 
or, exponential growth profile, or anyone in between," 
the word "anyone" should be changed to "anything." 

Agreed  changed per comment 

44 Section 9.3 238 There is limited guidance on how to account for the 
larger area in the analysis. 

True, this is due to the vast amount of 
unknown variables (e.g. room size, 
content of room).  There is no 
"prototypical" scenario to be 
assessed here. 

None 

45 Page 10-14,  
Table 10-1 

252 Table 10-1 attempts to justify the 30 minute time window 
for the fire event review, however it appears from the 
event timeline that a technician or other plant personnel 
may be in the location of interest within 7-14 minutes (if 
not sooner). It is likely that even with a few minutes that 
an operator would be able to locate and control an early 
stage fire regardless of the fire progression (nearing the 
end of the incipient state or entering flaming (but prior to 
t-squared) conditions). Again, the thirty minute time 
window appears to be a severe limitation of this method. 

For the final report, the timing 
analysis has been modified, both time 
available and time required, with new 
information.  The thirty minutes is a 
screening criteria for development on 
the fraction of fires that do not exhibit 
an incipient stage. 

The timing analysis has been modified in the final report. 

46 Page 12-4 284 Accordingly, the non-suppression probability is the sum 
of sequences I, M and N, which is 0.457+ 0.050+ 0.00 = 
0.507. However, in Figure 12-2, Sequence I is shown as 
0.434 and the Total is shown as 0.484. The sentence on 
Page 12-4 should be updated to use the appropriate 
numbers. 

All examples have been double 
checked with developed 
spreadsheets  

Fixed 
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47 Part II – 
General 

  The quantification of incipient detection requires 
significantly more analysis than conventional fire 
detection and suppression methods. This may be 
warranted, as these systems can detect early fire 
signature and the human response plays a more pivotal 
role in a successful end state. Have the authors 
benchmarked real world operational experience against 
this method? 

Real world operational experience 
was evaluated wherever possible to 
gain insights into the development of 
this method. Operator interviews were 
conducted, vendors were contacted, 
equipment failures and system 
malfunctions were investigated and 
the fire events database was 
evaluated for relevant information  

None  

48 Section 12 281 Sections 7-11 describe pieces of the method, but 
Section 12 goes right into illustrative examples. It would 
be helpful to summarize and provide guidance on 
parameter selection early in Section 12 and then go into 
the examples. 

Section 6.4 has been revised to 
provide suggested clarification. 

Modified Section 6.4 which provides high level overview of 
the event tree along with references to the subsequent 
sections where the parameters are estimated.  Excel 
spreadsheets have also been developed to support a 
consistent application of the approach. 

49 Page 12-4 & 
Figure 12-2 

284 The non-suppression probability is the sum of 
sequences I, M and N, which is 0.457+ 0.050+ 0.00 = 
0.507. However, in Figure 12-2, Sequence I is shown as 
0.434 and the Total is shown as 0.484. The sentence on 
Page 12-4 should be updated to use the appropriate 
numbers. 

All examples have been double 
checked with newly developed 
spreadsheets  

Fixed 
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50 Page 12-10 
& 

Figure 12-2 

290 According to Section P.1.5, the non-suppression 
probability is the sum of Sequences I, M and N, which is 
5.0×10-1 + 0.0 + 0.0 = 6.1×10-1. However, in Figure 12-
2, Sequence I is shown as 5.71E-01 and the Total is 
shown as 5.71E-01. The sentence on Page 12-10 
should be updated to use the appropriate numbers. 

All examples have been double 
checked with newly developed 
spreadsheets  

Fixed 

51 General 307 Right now enhanced is defined as:"Success in the 
enhanced suppression event represents the probability 
that any potential fire is suppressed before fire damage 
to targets of concern." (page 6-8) "This section 
documents the review of fire events from the fire events 
database where an operator was present in the room of 
origin when a flaming condition began." (Page D-19)This 
term is used throughout the report. It appears to be very 
similar to prompt suppression. If these are not meant to 
represent the same concept, how they are defined 
should be clearly stated. This could be added as a term 
in section 15 for clarification. 

Add definition of enhanced detection 
in section 16 

Definition added to Section 16 "Definitions" 

52 General   There are multiple places throughout the report where 
the word "area-wide" does not include a hyphen. 
Suggest adding a hyphen between this word. 

Accept area-wide 

53 Figure 2-3 41 The growth profiles presented all reflect conditions after 
ignition, and do not indicate the available time during the 
incipient stage. This should be noted because the times 
are otherwise somewhat misleading. 

See Comment #8 for resolution. See Comment #8 for document modification. 
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54 Section 2.3 
Page 2-6 

Lines 33-38 

42 For instance, flaming fires tend to produce smokes that 
have a large fraction of sub-micron particles that tend to 
absorb a greater fraction of incident light than the 
fraction scattered, while smokes from smoldering fires 
tend to have a larger fraction of particles micrometer 
sized or greater, and they tend to scatter more incident 
light that the fraction absorbed.   
 
Typical flaming fires produce more particles that are 
subvisible (< 350 nm) and smoldering fires produce 
more visible participates (> 350 nm). The proportion of 
scattering to absorption is related more to the material 
than to the burning method.  Drysdale (the cited 
reference) does reference that agglomerated smoke 
particles can be greater than 1 μm, but does not appear 
to comment on the relative reflectance or absorbance of 
flaming versus smoldering fires. 

See Comment #9 for resolution. See Comment #9 for document modification. 

55 Section 
2.4.1 

Page 2-8 
Lines 5-7 

44 The earliest indication of a fire occurrence usually 
involves the heating of materials during the pre-ignition 
(incipient) stages, which produces submicron particles 
ranging in size from 5×10-4 to 1×10-3 micrometers. 
 
1x10-3 μm is only 1 nm; incipient stage combustion can 
produce particles much larger than this. If this is referring 
only to pyrolysis, these numbers are within range. The 
definition of incipient combustion includes the 
smoldering phase, which can produce particles much 
larger than 0.001μm 

See Comment #11 for resolution. See Comment #11 for document modification. 
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56 Page 3-5 
Line 16-19 

63 It appears that the differences in plant response / alarm 
response are not due to the analysis (IPEEE versus 
modern fire PRA methodology), but rather due to 
location within the plant. The first case is ex-control room 
and the second case is within the control room. 

See comment #14 for resolution. See Comment #14 for document modification. 

57 Page 3-
5Line 21-43 

63 The focus of this report appears to be on VEWFDS 
response and a comparison / development of a method 
to credit VEWFDS in fire PRA methodology. The use of 
"fire PRA case" and "non-fire PRA case" may cause 
confusion. Suggest rewording these paragraphs to 
describe the application of the technology "to protect x" 
versus the analysis application. The plant risk due to fire 
is the plant risk due to fire. Unless plant practices, site 
knowledge, or physical plant modifications are made, the 
actual plant risk will not change. Over the course of 
developing fire PRA technology we can employ a more 
realistic or detailed approach to more accurately 
characterize plant risk, but we're not actually changing 
the plant risk without first understanding vulnerabilities, 
etc. Therefore, it would be best to leave the analysis 
goals (IPEEE - to search for vulnerabilities versus fire 
PRA - NFPA 805, etc.) out of the description. 

See comment #15 for resolution. See Comment #15 for document modification. 

58 Page 3-8 
Line 20 

66 The insights from non-nuclear experience note that at 
one point NASA had over 100 ASD systems, but none 
remain. Is there any insight into why these systems are 
no longer installed? 

clarified why discontinued. Clarified that only the Cloud chambers were discontinued 
and not the laser-based tech.  Also added reason for 
removal was maintenance related. 



COMMENT TRACKING SHEET 
Document ID:  NUREG-2180   Revision #: Draft  

Document Title:  
Determining the Effectiveness, Limitations, and Operator Response for Very Early 
Warning Fire Detection Systems in Nuclear Facilities 

 

Date: June 2015 

 

 

20 
 

# 
Document 
Page / 
Figure 

PDF 
page 
# 

Comment Proposed Resolution Document Modification 

59 Page 4-2 
Lines 8-11 

74 Alert level of 0.2 %/ft obscuration at each port (or 
sensitive spot detector), and an Alarm level of 1.0 %/ft 
obscuration, these were the target sensitivities for ASDs 
and the sensitive spot detector. 
 
These are the minimum allowable levels to meet the 
definition of a VEWFD system. If set to these levels (at 
each hole location), then it may be equivalent to high 
sensitivity spot detectors. For area-wide detection, the 
added benefit of the active air sample would likely 
improve ASD performance, but in cabinets with very little 
forced airflow there should be no difference. The primary 
benefit of ASD is that you can set them to alert at much 
more sensitive levels, whereas the 0.2 %/ft is about the 
limit for most high sensitivity spot detectors. 
 
The in cabinet tests did evaluate pre-alarm levels for 
ASD less than 0.2 %/ft. The sensitivity of the ASDs 
differed for each test. It would be helpful if some 
discussion could be provided as to the effect of 
sensitivity on ASD performance. 

See Comment #19 for resolution. See Comment #19 for document modification. 
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60 Page 4-6 
Lines 8-9 

78 The first 10 materials were degraded by conduction of 
heat from a copper block bus bar whose temperature 
was ramped from ambient to 450 ºC or 485 ºC. 
 
The ramp time is critical to establish detection 
differences between detection technologies. The best 
method may have been to ramp to a single temperature 
and determine whether detection could occur or not, and 
identify the minimum wire temperature that could be 
detected, not to ramp to the highest temperature and 
compare times to detection. Thus, the reported time may 
be arbitrarily linked to the heating rate of the block, not 
any real in-plant scenario. A difference of a few seconds 
in the tested scenarios may be the difference of several 
minutes to hours in a real event. 

See Comment #21 for resolution. See Comment #21 for document modification. 

61 Page 4-
6,Lines 22-

24 

78 Early scoping experiments were conducted with fewer 
than five wires, but it was observed that the best 
chances for conventional alarm response were realized 
with the five-wire arrangement.This statement indicates 
that the conventional detectors required more smoke to 
be present for detection to be achieved. The conclusions 
do not state this clearly and this point is not discussed in 
any subsequent section. 

See Comment #22 for resolution. See Comment #22 for document modification. 

62 Page 4-19, 
Figure 4-17 

91 It appears one ASD was sampling from the 4th hole 
while the other two were sampling from the 3rd hole, a 
transport difference of 0.61 m. This may not have a 
major impact, but could cause a few seconds of 
difference. 

See Comment #24 for resolution. See Comment #24 for document modification. 
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63 Page 4-45 
through 4-

48 
Figures 4-
45 through 

4-49 

117 ASD 4 and 5 sample orientations 
 
The number and orientation of sampling points is 
different on the return air grill and for area wide. The 
issue is that the spacing for the ASD4 between the 
cabinets is 3.35 m but for ASD5 is 5.08 m, with no 
samples between the rows. 
 
Suggest adding some text to clarify the observed 
difference. 

See Comment #25 for resolution. See Comment #25 for document modification. 

64 Page 4-49 
Line 44-45 

121 The average smoke response times for three 
measurements at the first cabinet were 19.4 ± 2.4, 33.2 
± 6.7 and 13.7 ± 0.2 seconds for ASD1, ASD2 and 
ASD3, respectively. The measurements at the last 
cabinet were 20.3 ± 1.8, 32.0 ± 1.7 and 15.3 ± 1.2 
seconds for ASD1, ASD2 and ASD3, respectively. 
 
The transport time for ASD2 at the last cabinet is shorter 
than for the first cabinet. 

See Comment #26 for resolution. See Comment #26 for document modification. 

65 Page 5-1 
Lines 42-44 

133 It is important to note that this experimental research 
was not designed to assess the performance of VEWFD 
models or types against one another, but rather, was 
designed to assess the potential VEWFD performance 
against conventional detectors. 
 
Different detectors operate using unique principles, and 
one-to-one comparative analyses conducted by 
matching the obscuration levels are not always 
appropriate. In reality, the alarm threshold levels 
specified for each device installed would be unique. 

See Comment #27 for resolution. See Comment #27 for document modification. 
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66 Page 5-3 
Figure 5-1 

135 Alarm and pre-alert 
The report compares the Pre-alert response (0.1%/ft for 
light scattering ASD) to the alarm response for the spot 
ionization detector (1.0 %/ft) and concluded that the ion 
was performing much faster and more reliably. Although 
ionization may be more sensitive to pyrolyzed material, 
better detection at an order magnitude less sensitive 
setting is unusual. 

See Comment #66 for resolution. See Comment #66 for document modification. 

67 Page 5-26 
Figures 5-

27 and 5-28 

158 The draft concludes that the ASD were faster performing 
than the ion, but the SS photo was also faster. This is a 
major reversal from the previous in-cabinet, no airflow 
tests. This observation should be further discussed. 

See Comment #29 for resolution. See Comment #29 for document modification. 

68 Page 5-32 
Figures 5-

34 and 5-35 

164 The SS spot at 0.2 %/ft consistently alerted before the 
light scattering ASD5 at 0.13 %/ft. Since this was a 
change from the previous test results, this observation 
should be further discussed. It may be the result of using 
XLPE and CPPE wire only, which produced among the 
largest smoke particles. 

See Comment #30 for resolution. See Comment #30 for document modification. 

69 Page 5-
55Lines 4-6 

187 The results indicated that, as the ventilation rate 
increased, the effectiveness of any smoke detector 
technology in detecting the incipient source decreased. 
This was not the case for all conditions; low ventilation 
rates improved response of light scattering ASD and SS 
in some cases. 

See Comment #31 for resolution. See Comment #31 for document modification. 

70 Page 6-1, 
Line 10 

193 Ultimately, the sum of the contributions for all fire 
scenarios is used to determine a core damage frequency 
due to fire. However, the number is just one outcome of 
the fire PRA. The development of risk insights is at least 
as important as the development of a number. 

See Comment #32 for resolution. See Comment #32 for document modification. 
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71 Page 6-2 194 The discussion of previous quantification approaches in 
the body of the report may cause confusion. Suggest 
focusing Part II on the probabilistic modeling approach 
and move information not relevant to the revised method 
into an appendix. 

See Comment #33 for resolution. See Comment #33 for document modification. 

72 Page 6-2 
Line 84 

194 A reduction in NSP of 0.39 would be realized if there 
was 0 minutes until target damage (NSP = 0.613 with in 
cabinet, or NSP = 1). The difference in NSP versus time 
to target damage looks a bit like this: 

Changed to reflect comment.  The 
0.39 is the maximum reduction in the 
non-suppression probability by 
incorporation of the 5 mintues. 

Clarified 0.39 is maximum reduction. 

73 Page 6-7 
Line 239 

199 In addition to simulation, decision trees and expert 
judgment, time to detection can also be determined via 
empirical equations; see Mike's correlation and Mowrer's 
correlation. 

See Comment #34 for resolution. See Comment #34 for document modification. 

74 Page 6-7 
Line 242 

199 Crediting a detection or suppression system is 
anticipated to reduce the calculated fire risk. Typically, 
event trees are used to evaluate differing end states (fire 
causes damage to initiating component, fire causes 
damage to secondary targets, fire causes damage to 
room (HGL)) and the credit of any detection or 
suppression system is an element of the conditional 
probability for these respective damage levels. Suggest 
this sentence be reworded. 

See Comment #35 for resolution. See Comment #35 for document modification. 

75 Page 6-9 201 End state of "cabinet damage" may still be 
overestimated based on a review of fire event 
experience related to electrical cabinet fires which 
suggest that even fires in cabinets that have observed 
flaming tend to stay localized within the cabinet. 

See Comment #36 for resolution. See Comment #36 for document modification. 



COMMENT TRACKING SHEET 
Document ID:  NUREG-2180   Revision #: Draft  

Document Title:  
Determining the Effectiveness, Limitations, and Operator Response for Very Early 
Warning Fire Detection Systems in Nuclear Facilities 

 

Date: June 2015 

 

 

25 
 

# 
Document 
Page / 
Figure 

PDF 
page 
# 

Comment Proposed Resolution Document Modification 

76 Page 7-1 203 It is understood that it is difficult to discern the fraction of 
fires that exhibit incipient detection from fire event data. 
The event review focused on fires that exhibited an 
incipient stage of 30 minutes or greater. Unfortunately, 
this introduces a bias that assumes fires with an incipient 
stage less than 30 minutes cannot be suppressed prior 
to flaming. Some attempt should be made to quantify 
this time duration / event set. 

See Comment #38 for resolution. See Comment #38 for document modification. 

77 Page 7-2 204 Were any fires excluded from the review? How were on 
demand failures during work activities treated? 

No fires were excluded from the 
review if they were included in the 
database and counted towards 
frequency. If on demand failures were 
screened from the fire events 
database however they would also be 
screened from this analysis because 
they were deemed not challenging 
and therefore would not be applicable 
to this analysis  

None 

78 Page 7-4 
Lines 22-34 

206 This paragraph discusses events that are in Bin 4 – Main 
Control Board. This discussion seems out of scope since 
the focus of this method is on Bin 15. 

See Comment #39 for resolution. See Comment #39 for document modification. 

79 Page 8-
1Lines 11-

13 

215 The “cabinet damage” end state seems more consistent 
with fire severity classification - fires extending beyond 
the component of origin. Also, it is unclear why 
suppression activities constitute "cabinet damage". 

See Comment #40 for resolution. See Comment #40 for document modification. 
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80 Page 8-4 218 It may not be appropriate to compare the performance of 
incipient fire detection systems with conventional 
detection systems. Roughly 15% of electrical cabinet 
fires are detected by fixed detection systems. Most of 
the remaining fires are detected by plant personnel or 
other control room indications. Therefore, it is likely that 
the installation of incipient detection systems would 
increase the number of fires detected by fixed detection 
systems. There has been significant industry operating 
experience with respect to incipient detection that 
suggest early component failures are being detected on 
a more frequent basis. 

See Comment #41 for resolution. See Comment #41 for document modification. 

81 Page 8-5 219 How were fire events treated if detected and suppressed 
by fixed suppression systems in this method? 

Fire events detected and suppressed 
by fixed suppression systems were 
treated in the same manner as other 
fire events detected by personnel. If 
there was indication that the fire 
displayed an incipient stage (30 min 
or greater) prior to extinguishment 
then the fires would have been 
classified as such when calculating 
the alpha term in section 7.1  

None  
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82 Page 8-5 219 The point of Assumption #2 is not clear – there could be 
an incipient fire that just is not suppressed in time. That 
doesn't mean that it did not have an incipient stage. For 
example, in one fairly recent fire event, operators 
smelled an odor / smoke for days before the event, but a 
fire still occurred. 

This comment is not relevant to 
Assumption #2.  Assumption #2 is 
identifying that the analysis was only 
applicable to Bin 15 type 
components.  The comments is 
related to how the database 
characterizes incipient fires and 
questions if they were reviewed. 

None  

83 Page 10-14 
Table 10-1 

252 Table 10-1 attempts to justify the 30 minute time window 
for the fire event review, however it appears from the 
event timeline that a technician or other plant personnel 
may be in the location of interest within 7-14 minutes (if 
not sooner). It is likely that even with a few minutes 
available, an operator would be able to locate and 
control an early stage fire regardless of the fire 
progression (nearing the end of the incipient state or 
entering flaming (but prior to t-squared) conditions). 
Again, the thirty minute time window appears to be a 
severe limitation of this method. 

See Comment #45 for resolution. See Comment #45 for document modification. 

84 Part II, 
General 

  The quantification of incipient detection requires 
significantly more analysis than conventional fire 
detection and suppression methods. This may be 
warranted as these systems can detect an early fire 
signature and the human response plays a more pivotal 
role in a successful end state. Has an attempt been 
made to benchmark real world operational experience 
against this method? 

See Comment #47 for resolution. See Comment #47 for document modification. 
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85 Section 12 281 Sections 7-11 describe pieces of the method, but then 
Section 12 proceeds immediately into illustrative 
examples. It would be helpful to summarize and provide 
guidance on parameter selection early in Section 12 and 
then illustrate the process using examples. 

See Comment # 48 for resolution. See Comment #48 for document modification. 

86 Figure 1-1 31 Earlier in Executive Summary, it is noted that ion spots 
were faster than 3 of 5 ASD tested. (xviii line 51).  There 
were 5 ASD tested in total, but not all evaluated at the 
same time; no more than 3 ASD were included in any 
test series. 

See Comment #2 for resolution. See Comment #2 for document modification. 

87 Page 2-3 39 Second sentence in Section 2.1.1, replace" probability of 
occurrence" with "frequency of occurrence". 

See Comment #6 for resolution. See Comment #6 for document modification. 

88 Xviii line 15 20 “evaluated both in-cabinet and area wide detector 
response is a small room.” 
 
Change to “in” a small room. 

Accept per comment 

89 Xviii line 27 20 “ASD sampling ports and spot-type smoke detectors in 
to” Delete “in”. 

Accept per comment 

90 Page 1-1 31 EPRI reports 1011989 and 1016735 should be 
referenced without the technical report, "TR" designator. 

Accept "TR" removed  

91 Page 3-1 59 "Installed as risk reduction measures to support risk 
quantification studies"  
 
While each study may have different insights (whether 
deterministic or probabilistic), fire protection safety 
studies are performed to identify plant vulnerabilities and 
generation of insights that can be used to enhance plant 
safety. It may be misleading to characterize the 
installation of VEWFDS "as risk reduction measures to 
support risk quantification studies". It is likely that these 

See Comment #13 for resolution. See Comment #13 for document modification. 
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systems are installed to prevent or reduce the likelihood 
of a damaging fire in a critical area of the plant. 

92 Page 3-5 63 Suggest spelling out RTGB; it is not a common acronym. See comment #16 for resolution. See Comment #16 for document modification. 

93 Page 3-8 66 Fewer nuisance alarms were installed than spot 
detectors. 
 
It appears that this should have read “Fewer nuisance 
alarms occurred than where spot detectors were 
installed”. 

See Comment #18 for resolution. See Comment #18 for document modification. 

94 Page 4-3 75 Reference is broken (not found). See Comment #20 for resolution. See Comment #20 for document modification. 

95 Page 4-9 81 A load cell was used to weight the wire samples before 
and after each test. 
 
Change weight to weigh. 

See Comment #23 for resolution. See Comment #23 for document modification. 

96 Page 4-23 
Line 5 

95 heap-filter air cleaner. 
 
This may be a typo, should it be HEPA-filter? 

Agreed  changed per comment 
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97 Page 4-50 
Line 39 

122 ASD2 were 0.069 kPa for the first two sampling ports 
(closest to the detector), and 0.64 kPa This is a major 
difference (perhaps a typo); should the second number 
be 0.064 kPa? 

Agreed  changed per comment 

98 Page 7-6 
Line 45 

208 There appears to be a typo in the unreliability number. Agreed  removed duplicate "10" 

99 Page 10-6 
Tables 10-6 

through 
Tables 10-

14 

244 There appears to be a typo in the first footnote to each 
table - EHP should be HEP. 

Agreed  Secion 10 has been changed. 

100 Page 11-2 
 

Line 17 

278 The EPRI report number is incorrect. It should be 
3002002936. 

Agreed  changed per comment 

101 Page 13-
1Line 32 

301 largest partial size for the materials tests.Is this a typo, 
possibly referring to “particle” size? 

Agreed  changed per comment 
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102 Page 2-8 & 
2-9 

Section 
2.4.2 

2-9 Revise as: 
The Lambert-Beer Law (also known as Bouguer’s law) 
provides an expression for the light intensity reduction 
due to light absorption and scattering by particulates in 
smoke.  The Lambert-Beer Law is shown mathematically 
as: 
 
I=I_0 exp	 (-κCL) 
 
where: I  = intensity of transmitted monochromatic light 
over path length L, (cd) 
  I0 = initial intensity of monochromatic light, (cd) 
κ = extinction coefficient, (m2/g) 
  C = mass concentration of smoke particles, (g/m3) and 
  L = path length of the optical beam passing through 
smoke, (m). 
 
The use of this law allows for the development of a 
parameter known as the extinction coefficient expressed 
in m-1, 
 
 
k=1/L ln(I/I_0 )=κC 
 
Obscuration is the effect that smoke has on reducing 
visibility.  Higher smoke concentrations result in higher 
obscuration, which results in lower visibility.  Light 
obscuration in percent is defined as: 
 
(I_0-I)/I_0  x100 
 
Obscuration is the standard definition of smoke detector 
sensitivity in the fire protection industry today.  Detector 
sensitivity is reported in units of percent obscuration per 
unit length (e.g., %/ft or %/m obscuration).  Percent 
obscuration per unit of length (foot or meter) is shown 

change to be consistent with SPFE 
HB and UL 268.  Equations provided 
in comment had error, as did the draft 
version of the report wrt OD. 

changed "L" to "d" and OD equation changed to 
(1/d)log_base10(Io/I)=kC/2.303 
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mathematically as: 
 
[1-(I/I_0 )^(1/d) ]·100 
 
where: d  = distance between detector light source and 
sensor, (ft or m) 
 
It should be noted that the definition of De in the revised 
report is incorrect and should be replaced by: 
 
D_e=ln(I/I_0 )=κCL 
 
In fact, it is more common to express optical density on a 
base-10 logarithm basis: 
 
D=〖log〗_10 (I/I_0 )=κCL/2.303 
 
It is probably even more common to express the optical 
density per unit distance: 
 
D_u=1/L 〖log〗_10 (I/I_0 )=κC/2.303 
 
If RES prefers optical density over the extinction 
coefficient, it is recommended that the equation for D or 
Du be used. 
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103 Page 4-7 & 
4-18, Figure 

4-15 

79 Instrument cabinet ceiling view, was there any 
consideration given to whether the test setup geometry 
possibly affected the detection results?  For example, 
was the flow rate through the ASD piping sufficiently 
below that of the fire source plume flow, such that there 
was ‘plenty of smoke’ to share between detection 
technologies?Were any flow rate measurements 
performed in the test cabinet?  If the enclosure around 
the test cabinet was ventilated and there are connection 
vents between the test cabinet and enclosure, it is 
unlikely that the environment inside the test cabinet is 
quiescent. Also, why were there no tests in this setup 
with a ventilated test cabinet, especially considering that 
VEWFDS often outperform spot detection in high-airflow 
environments and because mechanically ventilated 
cabinets exist in nuclear power plants? 

Q1- we did consider the effects of the 
detector/sampling port configurations 
and deemed them to be small, (ie, the 
performance of a single sampling port 
or spot detector versus three ports 
and multiple spot detectors). Q2-The 
argument is that the thermal plume 
carrys excess flow to the cabinet 
ceiling than is being removed from 
the three ports when the conditions 
(temperature) of particle formation 
exist. If there are any thermal sources 
in a cabinet convection flows will exist 
to provide the movement of smoke to 
the sampling port(s). The suction 
flows are not thought to significantly 
affect the smoke entry into the spot 
detectors. Q3 – No flow/velocity 
measurments were performed, 
however, in the ventilated cabinet 
experiments the cabinet air exchange 
rate was estimated. In a ventilated 
room with cabinets with no forced 
flow we would expect the room 
ventilation to affect the cabinet flows 
during the heating events, that was 
the purpose of conducting those 
experiments. Q4- We conducted 
ventilated and un-ventilated full scale 
cabinet experiments in the laboratory 
at NIST using NPP cabinets and the 
associated ventilation flows.  

No Change 
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104 Page 4-21 
Figure 4-19 

93 NPP cabinets used in large cabinet experiments, what is 
the justification for the combustible loading shown for the 
naturally ventilated versus the forced ventilated cabinet? 
Why was the cabinet shown on the left not tested with 
forced ventilation, and why was the cabinet on the right 
not tested with natural ventilation? 

Cabinets tested as received. The 
forced ventilated cabinet had a fan 
and ducting installed, the natural 
ventilated cabinet was not set up for 
ventilation. 

No Change 

105 Section 
4.4.3 

95 a. Figure 4-26 on page 4-27 shows the five-cabinet spot 
detector and ASD sampling port configurations. Were all 
the bays of the cabinets open like shown in this 
photograph or was this before obstructions and dividers 
were put in place?b. The text on page 4-28 (line 4) refers 
to three small muffin fans used in some experiments. 
Were these fans specified based on some analysis of 
the typical flows seen in ventilated cabinets?  What is 
this typical flow and was it measured before or during 
testing? 

a. Fig 4-23 and 4-28 shows the only 
separating wall partition, the four and 
five cabinet open configurations look 
like the open configuration of figure 4-
26. b. The flows were not intended to 
represent typical forced ventilated 
cabinet flows, but a low flow indicative 
of pressure gradients and flows 
imposed on cabinets is spaces. We 
wanted to see if a minor flow would 
have major beneficial or negative 
effects for aspirated or spot detectors 
on the ceiling. The fan flows were not 
measured, but a mean air exchange 
rate of 8 ACH (air changes per hour) 
was measured indicating flow from 
the fans. The large cabinet used for 
forced ventilated flow in the laboratory 
had a measured air exchange rate of 
~360 hr.   

No Change 
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106 Page 4-29 
Lines 6-7 
Section 

4.4.4 

101 Area-wide, small room configuration, it is stated that the 
piping system was modified for this configuration. Does 
this mean the system was modified from the in-cabinet 
configuration, or was it modified from typical installation 
configuration?  What was the basis for the hole 
diameter, the number of holes, and their locations? Were 
they chosen based on manufacturer installation 
requirements? 

It was modified from in-cabinet 
configuration (sampling location and 
number of ports). Hole diameter is 
typical and modeled using piping 
design software. Number of holes and 
locations are per NFPA 76 coverage.  

No Change 

107 Pages 4-
49Lines 15-
17Section 

4.5.2 

121 Laboratory large cabinet experiments, the port pressures 
in these tests appear to be significantly lower than those 
obtained in the instrument cabinet experiments. This 
implies that the flows were somewhat lower in the large 
cabinet experiments. Why were the port pressures not 
adjusted to obtain consistent flow rates between different 
series of experiments? 

Comment is incorrect.  The pressure 
is static not a pressure difference. 
Lower static pressures are a result of 
slightly large sampling port diameters. 
The system flow is “fixed” by the 
detector suction fan and monitored. 
The initial instrument cabinet 
experiments used a smaller port 
diameter, but when moving to small 
room tests, low flow indication on one 
ASD because of greater pressure 
drop from the more complicated 
piping required an increase in the 
sampling port diameter which was 
translated to all ports in those tests. 
Upon returning to the lab the larger 
ports were used. The static pressure 
measurement is an indirect measure 
of the equivalence of flows from all 
individual ports. 

No Change 
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108 Page 4-49,  
lines 38-39,  

Section 
4.5.3 

121 Small room in-cabinet experiments, the port pressures 
and transport times are significantly different (lower and 
higher, respectively) from the laboratory cabinet 
experiments. Explain why this is acceptable and does 
not affect the comparisons between ASD systems and 
spot detectors. 

Port pressures explained in response 
to #107, the transport times are a 
function of the piping length and 
flowrate. All experimental 
configurations met NFPA 76 transport 
time. 

No Change 

109 Page 4-50,  
lines 16-18,  

Section 
4.5.4 

122 Small room area-wide experiments, the port pressures 
are again different and transport times in this case are 
not reported (were they not measured?) 

See response to #107 & #108. The 
transport times were reported. Page 
4-50 line 18 “Smoke response times 
were less than 30 seconds for all 
ASDs and sampling holes.” 

No Change 

110 Page 4-50,  
lines 38-41,  

Section 
4.5.5 

122 Large room single-zone in-cabinet experiments, similar 
comment as in the previous section. 

The transport times for the large room 
single zone in-cabinet experiments 
were not recorded. However, the 
furthest sampling point was tested for 
transport times and all were less than 
60 s. 

No Change 

111 Page 4-57 
to 4-59, 
Section 

4.6.4 

129 Full-scale, large room tests, Table 4-14 should be split in 
two, one for the multi-zone in-cabinet large room tests, 
and a second table for the multi-zone area-wide large 
room tests. 

Footnote added to Table 4-14 to 
clarify the locaiton of the source 
materials.  Both in-cabinet and area-
wide detection zones were monitored 
for these set of tests. 

Added footnote "Refer to Figure 4 42 for a graphical 
representation of the various source locations.  Numbers 
represent the cabinet that the source was located in the 
bank of instrumented cabinets." 
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112 Page 5-2, 
lines 24-26, 
Section 5.1 

134 Laboratory, Small-Cabinet Tests, in the last sentence on 
page 5-1 it is stated that the settings for the ASD2 were, 
most likely, the factory default settings. What is the basis 
for suspecting that the vendor used less sensitive 
settings? The cloud chamber detectors seem to activate 
faster than the light scattering ASD, which might imply 
that the settings were actually more sensitive? 

That ASD factory default setting is 
defined in the product engineering 
guide. There was no documented 
equivalency between %/ft obscuration 
and the sensitivity settings of ASD2. 
The nature of the initial smoke 
(typically very small particles 
emanating from the heated wire 
insulation) is different from the UL 
smoke box cotton smolder smoke (or 
equivalent) used to specify detector 
sensitivity. In reality this detector 
appears to be set up more, not less 
sensitive. 

No Change 
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113 Pages 5-3 
to 5-38,  

Table 5.2 

135 Nominal Sensitivities for Laboratory – Small Scale Tests, 
a comparison of the port sensitivities for the ASD 
systems in this table to those in Tables 5-4 through 5-9 
indicates that there were some (significant) variations 
between the different series of experiments, while the 
sensitivities for the spot detectors did not change. 
Explain why this does not affect the comparisons 
between the ASD and spot detector response times. 

We are not suggesting that a change 
in sensitivity will not affect results.  
For a group of experiments the 
sensitivities are fixed. In comparing 
the results from different groups of 
experiments one must consider the 
effect of differing materials sets and 
physical configurations (cabinet or 
room size). If one wanted to study a 
particular particle generation 
configuration (material, heating rate) 
across multiple physical 
configurations it is true that the port 
sensitivity will affect the alarm time. 
For the particular ASDs the variation 
in sensitivity is as follows: 
 
ASD 1 was used in two test series, 
and the detector sensitivity was fixed 
to give VEWFDS alert and alarm 
sensitivities with 4 ports, the small 
room in-cabinet tests had 6 ports 
thus, the port sensitivities were 67% 
less sensitive. I consider this a small 
change, but one can compare ASD1 
and ASD3 to assess the effects for 
specific experiments.  
 
ASD3 port sensitivities for alert and 
alarm were nominally NFPA 76 
minimum. The exception was the 
large room multizone in-cabinet port 
sensitivities which were 67% lower 
(more sensitive). This is due to the 
difference between the number of 
ports in the incabinet (4) and 

No Change 
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areawide(6) ports.  The detector 
sensitivity is fixed across all zones 
and we chose to fix the areawide at 
NFPA 76 and accept the more 
sensitive in-cabinet ports. 
 
ASD2 presented some challenge 
because of the initial lack of 
information. Factory default detector 
sensitivity was used for instrument 
cabinet, NPP cabinet, and essentially 
small room in-cabinet (port 
sensitivities varied due to 4 ports in 
Lab and 6 ports in small room).  
 
For the large room multizone tests, 
ASD detector sensitivity was fixed 
(per vendor design) and the port 
sensitivities varied due to 4 or 6 ports 
on a particular zone. The large room 
single zone tests had a slightly lower 
alarm sensitivity than the multizone 
case, the alert was a factor of 2 lower. 
These last three VEWFDS alarm 
setting were comparable to the pre-
alert sensitivities for all the other 
cases, so if so inclined, one could 
dive deep and look at the particle 
counts  and come up with an 
equivalent alert and alarm time for the 
cases not conducted in the large 
room. 
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114 Page 5-23, 
Figure 5-24 

155 Mean alert or alarm times for small room, 1, 4 and 5-
cabinet mock-up configurations, 65 min HRP 
experiments, is there an explanation for the superior 
performance of the conventional detectors for 1C? 

Not beyond speculation No Change 

115 Page 5-49,  
Section 

5.9.2 

181 Comparison between common detection systems and 
VEWFD systems (Objective B), Figures 5-51 and 5-52 
seem to imply that there is not much advantage of using 
ASD-LS over ION, and that overall ASD-CC is the best 
performer. However, because of its unique technology, it 
is not clear how the sensitivity of the ASD-CC compares 
to that of the ASD-LS and ION. It is possible that in the 
experiments the sensitivity of the ASD-CC system was 
significantly higher than that of the other detectors, 
which would imply that it may be more susceptible to 
nuisance alarms. How was it assured the ASD-CC 
settings used in the tests do not result in unacceptable 
susceptibility to nuisance alarms? 

Clarification added to different section 
where this issue is discussed 

Clarification added to Page 4-2 at the end of the paragraph 
that starts with "There was an issue…"  added text includes 
"The vendors process involved initially setting the detector 
to a gain setting commonly used for the application.  Then 
the background signal is observed of a period of time to 
ensure remains below a specific reading to reduce the 
likelihood of nuisance alarms.  If it does (as it did for our 
testing) that set point is maintained.  Since this process 
differs from how the light scattering based detectors were 
configured, direct comparison between the two 
technologies is not strait forward." 
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116     It’s not clear whether the 1-π2 or 1-π3 terms in the event 
tree approach should be treated with special 
suppression curves when the operator is lined up at a 
bank of cabinets but unable to locate the cabinet which 
is on fire for either in-cabinet or area wide VEWFDS 
respectively, as it’s not clear what benefit the PRA 
should give when the field technician cannot locate the 
offending cabinet. In this case, the fire will not be 
addressed early via the VEWFDS signal. 

Special suppression curves were 
used because of the fact that an 
trained field technician would be in 
front of the bank of cabinets or within 
the room of origin in these cases. For 
the in cabinet applications MCR 
curves were used because they 
would be expected to be within the 
bank of cabinets and the operator 
would perform as good as if the fire 
was developing in a continuously 
occupied space such as the MCR. 
For the area wide applications plant 
experience for when an operator was 
present within the room during a fire 
event was used given that the 
operator would not necessarily have 
located the fire source but would be 
stationed and prepared to suppress 
the fire 

None  
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117     Many of the assumptions in the HRA seem overly 
optimistic, which could mislead an analyst to presume a 
credit that doesn’t accurately reflect a licensee’s 
particular plant or procedure with regard to how to apply 
a PRA credit for VEWFDS. 

Some of the HRA qualitative analysis 
was inappropriately marked as 
"assumptions" in the draft report.  The 
final report correctly indicates which 
information is based on NPP inputs 
for real installations.  Also, the final 
report includes only a few actual 
assumptions. 

Final report revisions more clearly state which information 
is based on actual NPP incipient fire detector installations 
versus an assumption.  Most of the information listed as 
"assumptions" in the draft report are now properly identified 
as information collected from NPPs. 
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118     Application of the MCR non-suppression curve for fires 
outside the MCR, and the generation of a “new” NSP 
curve for area-wide application, seem overly optimistic 
for many scenarios.  Nothing more optimistic than the 
welding/cutting NSP should be employed anywhere, if at 
all (better would be use of the logical NSP solely for 
electrical fires, since these are the types of fires against 
which the VEWFDSs are defending).  Note that these 
are non-SUPPRESSION, not non-DETECTION curves.  
The two most optimistic, MCR and cutting/welding fires, 
are based for CONTINUOUS OCCUPATION of an area 
by staff in addition to “immediate” detection.  VEWFDS 
can, at best, provide only the latter.  The suppression 
aspect will still be delayed.  Therefore, it is inappropriate 
to employ any NSP more optimistic than cutting/welding 
fires (and especially MCR fires) for VEWFDS, and that 
includes deriving a new NSP that still produces a more 
optimistic result than cutting/welding NSP. 

Welding and cutting curves are not 
applicable to this type of fire event 
based on the way that they enter the 
fire events database. Welding and 
cutting fires are not based on 
continuous occupation as stated in 
the comment. Generally welding and 
cutting fires are screened from the 
database if the trained fire watch 
personnel or the person doing the 
welding and cutting puts out the fire 
themselves. See EPRI TR1025284, 
Section B.1.4 Fire Severity Override 
Guidance "Hot Work Fires 
Extinguished by a Posted Fire 
Watch". The welding and cutting fires 
that are included in the FEDB are 
those fires that were not detected or 
suppressed by the fire watch or those 
fires which required more than minor 
means of suppression.  

None  

119 Page 2-14, 
lines 10-12 

50 It’s not clear why low air flow areas should be avoided 
since many detectors are often installed in such areas. 
Similarly, it should be noted that one of the reasons for 
selecting an ASD system is to address high air flow 
areas, where spot-type detectors might not operate at all 
as indicated in the preceding paragraph. 

Accept Added clarification WRT air flow and added why high air 
flow can effect detector performance. 
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120 Section 3.1 59 It is unclear whether or how most of the operating 
experience discussed in this section was used in the 
subsequent approach. 

Revise to clarify Clarification added to identify that site visits supported test 
plan development and general insights to support HRA and 
human factors analysis.  Clarification also added to identify 
that other operating experience, such as the EPRI FEDB 
was reviewed and used, but the details of that review are 
documented in different sections (7, 8, apx d). 

121 Page 3-2, 
lines 30-31 

60 citing RG 1.174 might be more appropriate than citing 
NFPA 805, which doesn’t contain a risk metric. 

Agreed  Changed per comment. 

122 Page 3-3, 
line 33 

61 Was any attempt made to confirm whether this site 
continues to set the cloud chamber detector at a gain of 
7 or 8 and if the setting has been change, what was it 
changed to and why? 

Clarification added added "Plant documents were not reviewed to identify if set 
points were changed from the initial commissioning of the 
system." 

123 Page 3-3, 
line 42 

61 Why a BS standard and which systems was this used 
for? 

The NFPA 76 Annex B "Performance 
Test Procedures for Very Early 
Warning and Early Warning Fire 
Detection Systems" are based on the 
BS 6266 Annex test set up. 

Added "NFPA 76 Annex B" to bullet 

124 Page 3-4, 
line 36 

62 It would be good to explain what an infant mortality 
failure is referring to, i.e., reliability failure or normal life 
failure, to avoid any confusion. 

Infant mortality failure is a common 
term in the reliability engineering field 
and as such a definition is not 
needed. 

None  
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125 Page 3-7, 
lines 20-26 

65 It should be clarified whether pre-alarm is synonymous 
with alert and an explanation provided for why the 
operator would attempt to clear a pre-alarm indication. 

Agreed  Clarified "pre-alarm" is synonymous to "alert."  Added a 
description of possible reasons for operators attempting to 
clear alert. 

126 Page 3-8, 
line 47 

66 This observation should be corrected or clarified. See Comment #18 for resolution. See Comment #18 for document modification. 

127 Page 4-2, 
lines 21-32 

74 This paragraph seems to suggest that it was not 
possible to set the cloud chamber system to units that 
would be comparable to those of the other systems 
tested, thereby making it impossible to compare system 
performance, which was the underlying purpose of the 
experiments. The fact that the vendor might have found 
it necessary to set the system differently during the last 
set of experiments then seems to suggest that the 
system might not have been set correctly during other 
experiments or was, perhaps, set higher than the other 
systems during the last set of experiments. This also 
presents a fundamental challenge with regard to 
confirming whether a system is actually installed and 
maintained in accordance with codes of record. At a high 
level, this lack of continuity represents a serious flaw in 
the experimental results since a direct comparison for 
performance, e.g., effectiveness, is not possible. 

System performance was compared, 
see response to #113 for more details 
on sensitivities. I don’t believe at a 
high level it will make a significant 
difference compared to the response 
of other technologies (particle number 
counts tend to rise quickly from 
background, followed be particle 
growth which allows ions and light 
scattering detector alarms). If one 
wants to focus on the last series or 
adjust the earlier series results that is 
also possible.   

No Change 

128 Page 4-2, 
lines 47-49 

74 if this statement is true, then how is the quantitative 
credit developed later on and used in the event tree 
valid? This seems to suggest that these systems will be 
credited for detecting fires that don’t occur or have not 
been observed in the field, as such, this statement 
should be clarified. 

Clarified per comment suggestion. Clarified that "...there is no consensus on the duration and 
equipment failure mechanisms of a challenging incipient 
fire scenarios that … 
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129 Page 4-3, 
line 47 

75 reference error See Comment #20 for resolution. See Comment #20 for document modification. 

130 Section 4-4 89 There seems to be many variables in how and where the 
various detectors were placed. For instance, not all 
detectors were tested in all configurations, which might 
have affected the results for comparison. 

The experimental design was 
configured to maximize the 
information across many potential 
scenarios for the funds provided. One 
should use engineering judgement to 
generalize which was done in the 
following section.  

No Change 

131 Page 5-17, 
lines 8-9 

149 More explanation should be provided for whether or why 
the sensitive spot detector activated relative to the other 
detectors. In general, there were many variables over 
the course of the series of experiments, which makes it 
very difficult to discern how each of the detectors, and 
their respective technologies, compare to each other, 
which was the underlying purpose of the experiments. 
For instance, licensees considering whether to replace 
an existing detection system with sensitive spot 
detectors in certain cabinets and utilize the device 
address for locating a smoke source might not be able to 
quantify an appropriate PRA credit using this document. 
Conceptually, placing a more sensitive, addressable 
detector closer to a smoke source should yield a quicker 
response time and a commensurate PRA credit, 
however, it’s not clear whether this document would 
support such an argument. 

The experiments were not designed 
to model the detector response, nor 
was any modeling attempted. 

No Change 

132 Page 6-6, 
line 199 

198 parameters should be parameter’s. Agreed  changed per comment 
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133 Page 6-6, 
line 205 

198 VEWFSD should be VEWFDS Agreed  changed per comment 

134 Page 7-1, 
line 8 

203 It should be clarified why only durations greater than or 
equal to 30 minutes were used. This implies that shorter 
duration events either don’t occur or would not benefit 
from quicker detection. 

The footnote identifies that the basis 
for this 30 minute criterion is 
presented later in this section.  The 
information is presented on page 7-3.  
It uses the assumed 15 minute 
maximum operator response time and 
the test data results showing that the 
detectors entered an alert state 
approximately 50% or later of the 
testing incipient stage.  Based on 
these two pieces of information, a 
factor of 2 was applied to the 15 
minute maximum operator response 
time to arrive at the 30 minute 
threshold.  The 30 minutes is not 
intended to indicate that incipient 
stages are less than 30 minutes in 
duration but to represent that the 
fraction of fires that do have short (< 
30 minutes) incipient stages will be 
difficult for operators to respond to 
prior to exhibiting flaming conditions.  
Without knowing plant specific 
scenario information, this is the best 
generic estimate that can be 
provided. 

Additional clarification added to page 7-3 where the basis 
for the 30 minute threshold is presented. 
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135 Page 7-4, 
lines 47-50 

206 Sentence is confusing and likely missing a word or two. changed several words per 
comments suggestion 

added comma after "(i.e., locked rotor)", changed "does" to 
"do", changed "length" to "duration" 

136 Page 10-30, 
lines 5-21 

268 It would be useful to provide an example of the time or 
reduction provided via addressable devices, e.g., less 
the time assumed for using obtaining a portable sniffer 
and locating a source. In general, more discussion 
should be provided on the importance of addressability 
with regard to locating a source. 

The HRA approach for the final report 
is different from that in the draft 
report; the time required for cabinet 
and component identification are no 
longer required for any of the cabinet 
configurations considered.  
Consequently, there is no longer a 
distinction in HRA quantification 
between addressable (or single 
cabinets) versus 3-, 6-, or 10-cabinet 
installations. 

The HRA approach in the final report is different than that 
for the draft.  The final report discussion makes it clear that, 
for the same detector type, there is no difference in time 
required (or HEP assignment) for different numbers of 
cabinets in an installation.  

137 Table 10-15 273 In cases where a field operator is dispatched from the 
plant to serve as a fire watch, e.g., Table 10-15, it should 
be clarified whether the responding operator will be 
prepared to extinguish a fire or de-energize the 
appropriate equipment to prevent damage. The report 
seems to fluctuate between describing the responding 
operator as being posted as a fire watch vs. staged to 
extinguish a fire. For instance, on page 3-4, it is stated 
that the responding technician will only have a portable 
ASD. 

The HRA section clearly describes 
the field operator as being required to 
have the training needed to provide 
fire suppression capability.  The 
technician is trained to use a portable 
"sniffer."  The HRA defines a human 
failure event for the combined field 
operator and technician response to 
use in the event trees shown in 
Section 6. 

The final report is revised from the draft report.  However, 
on this topic, nothing has changed. 
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138 General   In general, the report does not appear to distinguish 
between the role and timing associated with fixed 
suppression systems, e.g., sprinklers vs. fixed 
extinguishing systems, e.g., carbon monoxide or Halon. 
A given operator response to an alarm signal would 
likely vary depending on whether a system is designed 
to extinguish a fire rather than suppress or limit the 
growth of a fire. For instance, extinguishing systems are 
typically activated manually or via a combination of 
actions such as local or cross-zoned detectors and limit 
access into the fire area of origin to allow the 
extinguishing agent to perform its function. The time 
associated with this course of events is different than the 
time necessary for heat to reach and actuate a sprinkler 
head followed by fire brigade operations to extinguish a 
fire. In the context of HRA, e.g., Section 9.2.1.1, and 
non-suppression probability, the difference in timing or 
response can be significant. 

Section 9.2.1.1 does not relate to 
suppression timing because of the 
format of the event trees. 
Conventional suppression, sprinklers 
or fixed systems are credited in the 
same manor they would be in 6850 
using the lower branches of the event 
trees provided.  No additional 
consideration was given to the 
differences in timing between the 
systems.  

None  
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139 Section 
11.1, lines 

37-45 

277 it should be clarified whether the intent is to detect fires 
before flaming or before damage to targets outside the 
cabinet of fire origin. It’s not clear whether the presence 
of a flaming fire constitutes damage to other components 
within the cabinet of origin either. In addition, what is the 
basis for the value of λ=0.324 and use of the MCR curve 
outside of the MCR? Recent operating experience at 
Harris, for example, demonstrates how a failure to locate 
the source location can result in a failure to prevent the 
event entirely. 

These lines and this term develop the 
portion of the event tree where the 
fire has already transitioned to a 
flaming condition. That is, the field 
response technician was not able to 
reach the cabinet of origin before the 
fire transitioned from an incipient 
stage to a flaming condition but is in 
front of the bank of cabinets. The 
main control room curve was used 
because of the fact that a trained field 
technician would be in front of the 
bank of cabinets or within the room of 
origin in these cases. For the in 
cabinet applications MCR curves 
were used because they would be 
expected to be within the bank of 
cabinets and the operator would 
perform as good as if the fire was 
developing in a continuously occupied 
space such as the MCR.  

None  

140     Specific comments provided in PDF MARKUP Editorial changes made Editorial changes made. 
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141 General   The NUREG test results performed on a single sample 
wire provided a repeatable specimen for each detector, 
however, there are many different components in 
electrical panels that give off various gases and products 
of combustion that are different that the sample wire in 
the test program.  It is also important to recognize that 
the sensitivity of the detector must be able to respond to 
a wide range of degraded components.  Therefore, the 
demonstration of the detector's sensitivity during the 
initial commissioning must be proven. 

At this moment we are aware of the 
BS wire test and the heated epoxy 
source. Their relation to the various 
components in a NPP “electrical 
enclosure" is questionable.  There is 
no problem following manufacture 
specific guidance, but we must be 
cognizant of NFPA 76 requirements 
and demonstrate the one meets or 
exceeds them if that is the Code 
being enforced.  If there is a need for 
such a coverage, it may be 
encourageable to approach a national 
standards organization such as NFPA 
and work with them to develop a 
consensus standard specific to 
nuclear facilities and these hazards. 

No Change 

142 General   The VEWFDS systems must comply with the National 
Fire Codes NFPA 72 and NFPA 76.  NFPA 76 states the 
system must not exceed a maximum air transport time of 
60 seconds to bring the smoke sample back to the 
detector and have a detection sensitivity at each sample 
port of not less sensitive than .2% obscuration/ft.  
Following the initial installation, the commissioning test 
must be able to demonstrate and physically prove the 
system is performing within the NFPA parameters.  
Likewise, any subsequent modification to the system or 

Agreed No Change 
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change in the operating environment should also include 
a performance test. 

143 General   In order for the system to be fully recognized and 
accredited for meeting NFPA requirements, the system 
must have the capability to physically prove it is 
operating within the guidelines of NFPA 72 and NFPA 
76.  The only way to accomplish this is to physically test 
the transport time and sensitivity requirements (at each 
sample port) when it is installed and commissioned.  The 
equipment vendor, customer and their qualified fire 
protection representative should witness the tests to 
verify the system is operating within the parameters of 
NFPA 72  and NFPA 76.  This ensures the design is 
reliable and credible in receiving very early warning 
credit. 

Agreed to the transport time 
comment.  Currently are not aware of 
a field device that is approved/listed 
as being capable of 
verifying/testing/calibrating the 
sensitivity of these devices in a 
similar fashion as UL 268/217 
sensitivity testing.   

No Change 
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144 General   We also feel it is important that the plant have the ability 
to inspect and prove the detector is operating within 
NFPA guidelines at any time necessary without a 
physical test each time.  Once the VEWFDS has been 
physically tested and proven during the SAT (site 
acceptance test), the VEWFDS must also have the 
ability to display parameters proving the system is 
operating within the same NFPA guidelines without the 
physical tests.  This V&V (validation and verification) of 
the physical test will offer displayed information and 
operating parameters which must be based on the 
combined physical U/L test approval data and the results 
of the physical SAT testing.  This will give the plant the 
ability to ensure the system is operating within NFPA 
guidelines without the need to physically test the system 
each inspection. 
Note: The VEWFDS should be physically re-tested and 
verified once per year. 

Agreed, this is good language to be 
placed in licensing documents or an 
applications guide. 

No Change 

145     The draft NUREG frequently compares the requirements 
of NFPA 72 and NFPA 76.  NFPA 72 is a code written 
for the installation of fire alarms and signaling for 
occupant safety.  NFPA 76 is a standard written for 
telecommunication facilities for the protection of the 
equipment in those facilities.  These represent two 
different protection goals and should not be directly 
compared to one another. 

A comparison was is not intended.  
There currently is not standard for 
these types of systems specific to 
NPPs.  As such, typical nuclear 
facility users have picked portions of 
these codes/standards to implement 
as part of their implementation. 

No Change 

146 Page 2-1 37 Draft NUREG reference "NFPA standard 76' Fire 
Protection of Telecommunication Facilities.'"  The correct 
reference is NFPA 76, "Standard for Fire Protection of 
Telecommunication Facilities." 

Agreed  changed per comment 
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147 Page 2-6 42 Draft NUREG references the "NFPA Glossary of Terms" 
for the listed definitions.  We would recommend 
referencing these definitions form the document that 
most closely matches the scope of the draft NUREG's 
application.  The NFPA Glossary of Terms is comprised 
of definitions taken from various documents to assist in 
identifying similarities and differences between 
commonly used terms.  The Glossary of Terms is not a 
source document and may not be updated as frequently 
as the source documents. 

affects "Pyrolysis", "Pre-alarm 
condition", "Diffusion Flame", "alarm 
condition" 

Alarm condition and pre-alarm conditions now references 
NFPA 72 2013.  Pyrolysis and Diffusion Flame reference 
NFPA handbook. 

148 Page 2-22 58 Draft NUREG states that NFPA 76 requires the use of 
NFPA 72 for performance based applications.  NFPA 76 
however only requires the use of NFPA 72 for 
prescriptive based applications. 

Agreed  changed to "prescriptive" and added a sentence indicating 
that some licensees have committed to the portions of 
NFPA 72 related to inspection, testing, and maintenance. 

149 Page 4-2 74 Draft NUREG states that the requirements cited are from 
"NFPA 72, 13th edition."  NFPA publications reference 
specific years, not edition numbers.  The correct edition 
of NFPA 72 is the 2013 edition 

Agreed  changed "13th edition" to "2013 edition" 

150 Page 12-16 296 Item number three, of the draft NUREG references 
Annex A of NPFA 76.  The likely intended reference is 
Annex B, not Annex A. 

Agreed  changed "A" to "B" 

151 Page 12-16 296 item number five, of the draft NUREG references a 
requirement from NFPA 76 for cloud chamber alerts.  
NFPA 76 does not contain this requirement. 

Agreed  Moved "NFPA 76" reference to light scattering line item 
and added a note to the particle count set point to indicate 
that NFPA 76 does not specify this. 
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152 General   Exelon appreciates the thoroughness of the testing 
performed by the National Institute of Standards and 
Technology (NIST) (reference Chapter 5) and believes 
that this data will be useful in developing a better 
understanding of the usefulness of VEWFD systems. 
However, there are several limitations and assumptions 
embedded in the testing and supporting subsequent 
analysis that raise some concerns. Although Chapter 5 
highlights some of these limitations and recommends not 
drawing conclusions from them, other sections of the 
document proceed to use this information and attempt to 
draw conclusions anyway, which might be unjustified. 

This comment addressed in the 
individual comments provide by 
Exelon.  The authors of the report 
believe that all assumptions, 
limitations, and conclusions have 
been justified and documented in the 
report.  The lack of specific examples 
or data to support the comment may 
be evident of a bias in the 
commenters’ beliefs.  The review of 
operating experience which support 
fire PRAs has shown a wide range in 
incipient stage duration and ignition 
potential. 

No Change 

153 General   Chapter 5 provides a significant amount of statistical 
analysis and data reduction; however, all data is 
analyzed based on a "response time" with no 
relationship to the temperature of the heated wire that is 
the source of the gasses. The temperature ramp-rate of 
the heated wire is an arbitrary rate set by the 
experiment, so basing detection time conclusions off of 
this rate could be misleading, and only embeds the 
arbitrary ramp-rate in the resulting data. For the results 
to provide meaningful insight related to incipient 
detection response, the results should be based on the 
time for the detector to respond after the source exceeds 
a particular critical temperature. 

The basis for selecting the linear 
heating ramp is provided in Section 
4.2.1 (starting on page 4-48) and 
graphically illustrated in figure 4-4.  
Since the ramp is linear, times can be 
correlated to temperatures.  Since the 
fire PRA detection/suppression 
analysis is a time based analysis, the 
time was reported rather than a 
temperature. 

No Change 
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154 General   Chapter 6, Section 6.4 does not appear to give 
appropriate credit for "traditional brigade response" in 
areas where incipient detection is provided. If an 
investigation is undertaken upon incipient alarm, then 
the non-suppression probability of the traditional brigade 
response should be lower than it would otherwise be 
without incipient detection in the area. With personnel 
standing in the area (i.e., investigating incipient alarm 
and prepared to suppress with extinguishers if 
necessary), then the usual delays with traditional brigade 
response are eliminated, as well as any uncertainty with 
responding to traditional detection alarms. The 
individuals in the area can immediately alert the Main 
Control Room (MCR) of a "confirmed fire," attempt to 
suppress with an extinguisher, and get immediate 
brigade activation to the correct location, without the 
need to lookup detection zones. Fault Trees (reference 
Figures 6-4 and 6-5) do not give traditional brigade credit 
in the top four cut sets (when MCR identification of the 
VEWFD alarm and dispatch of the Field Operator is 
successful). In these top four cut sets, a failure of the 
incipient suppression would not preclude a traditional 
brigade response, so some form of traditional brigade 
response should also be reflected in these top four cut 
sets. 

There is not a need to provide 
traditional brigade response for the 
top 4 end states, because the 
enhanced suppression provided 
improved suppression curves that are 
better (larger lambda parameter) than 
the traditional fire brigade response.  
Crediting traditional fire brigade 
response after the enhanced 
suppression would be double 
crediting manual response and as 
such is not appropriate. 

No Change 
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155 General   The test protocol does not appear to consider the 
presence of heat sources that would normally exist in the 
cabinets tested. Based on the review from one Exelon 
station, average MOR cabinet heat loads were 665W 
and average Relay Room cabinet heat loads were 
1,015W. This would tend to drive internal convection 
currents and air changes that would tend to bring 
particles up to the detectors faster than was observed in 
the testing. To simulate this in testing would require 
providing a heat source and waiting for temperatures to 
stabilize, and convection currents to form, before 
initiating each test. This would be expected to 
significantly affect the results of the card-file cabinet 
shown in Figure 4-19. 

See Comment #180 for resolution. See Comment #180 for document modification. 
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156 General   Sections 9.2.1.1 through 9.2.2.8 discuss human factors 
considerations (HRA) that would apply to the station's 
response to a VEWFD alarm, and Chapter 10 attempts 
to quantify each of these considerations in a way that 
could be used in a Fire PRA. Exelon noted that the vast 
majority of the actions being quantified in these sections 
are identical to actions that would be taken for a 
traditional brigade response (determine location, open 
correct procedure, dispatch people, etc.). These actions 
are not unique to VEWFD systems, and are routinely 
performed for every fire detection alarm and fire drill. 
Hence, there does not appear to be a need to compute 
these detailed Human Reliability Analysis (HRA) factors. 
Most of these HRA factors appeared to be chosen based 
on simple judgments, and there is a possibility that the 
factors being derived for these actions may not align with 
actual plant experience performing these actions. In 
addition, currently, neither NRC nor industry guidance 
expects traditional brigade response to be quantified in 
the way that was performed in these sections. Instead, 
traditional brigade response is quantified based on a 
time-based non-suppression probability curve. This 
leads to a situation where one quantification method is 
being used for VEWED response while a completely 
different method is being used for traditional brigade 
response. Generally speaking, since all these Human 
Factors are part of a traditional brigade response 
already, there is nothing unique about the incipient 
response that requires these factors to be applied and 
penalized.If the HRA process in Chapters 9 and 10 will 
be retained, Exelon recommends that the NRC consider 
performing a comparison between the HRA results 

For the VEWFDS application 
addressed in this report, the field 
operator responding to an "alert" for 
the incipient detector must be fire 
brigade trained.  In this report, the 
HRA models the field operator's 
arrival at the "alert" location and field 
operator monitoring of conditions at 
the "alert" location so that, when or if 
flaming conditions occur, the field 
operator can suppress the fire.  As is 
traditionally done in fire PRAs, fire 
suppression itself is NOT modeled by 
HRA. 

None 
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achieved and existing traditional brigade non-
suppression curves, to confirm that the results are 
consistent, and to explain any significant differences. 
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157 General   Several graphs in the draft NUREG are not legible when 
printed (e.g., Figure 8-2, Figure 8-3, Figure 10-1, and 
Figure 12-7). 

Made plot lines larger weight to 
ensure that the conversion to PDF will 
not lose data as happened in the draft 

bolded lines for  
Figure 8-2 bolded mean line and added information in 
caption to identify dashed line as mean 
Figure 8-3 changed line type to long dash from dots for 
ASD LS & Sensitive Spot 
Figure 10-1 changed line type to long dash from dots for 
ASD LS & Sensitive Spot 
Figure 12-7 

158 General   Experience from the National Aeronautics and Space 
Administration (NASA) is not provided in the report. 
Given the small number of systems installed in Nuclear 
Power Plants (NPPs), experience from other industries 
(e.g., Fossil, NASA, Telecommunications) should be 
used to develop a first pass of reliability data, response 
times, and incipient fire behavior similar to how 
Individual Plant Evaluations of External Events (IPEEE) 
reliability estimates were performed using reliability data 
from more than just the NPP  Industry. Despite the large 
amount of data available in Telecom and NASA, the 
report does not provide much information about their 
response times to alarms, their experience in incipient 
fire behavior, or electrical equipment failure behavior. 

See Comment #166 for resolution. See Comment #166 for document modification. 
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159 General   Section 7.1 attempts to determine the fraction of 
potentially challenging events that exhibit an incipient 
growth stage. As discussed in this section, there has 
been 
significant dialog and industry disagreement on this 
subject (e.g., EPRI 1025284, FAQ 08-0046 Staff Interim 
Position). Exelon believes that given the background of 
this prior disagreement, it would seem that a more 
deliberative process to resolution would have been 
prudent. Section 7.1 indicates that two authors reviewed 
the EPRI Fire Events Database, but did not obtain 
additional clarification for those events that 
were noteworthy. Exelon believes that there are better 
options for reaching consensus to resolve the existing 
differing opinions that exist. Exelon recommends that a 
process such as the EPRI/NRC collaborative be used to 
reach consensus on the topic. 

A substantial amount of effort was 
used to review and categorize those 
events, especially for the low-voltage 
control cases which affect the FAQ 
and the objective of the confirmatory 
research work.  In actuality, those 
events were reviewed numerous (4-6) 
times by each of the two individuals 
identified in the report.  In addition, 
senior staff from the program office 
reviewed and challenged the 
characterization of those events.  This 
report represents the NRC consensus 
opinion on the classifications given 
the definitions found in this report and 
fire PRA characterization of 
challenging fires.   

No Change 
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160 General   The text does not give the appearance that application-
specific pre-alarm settings were established for the cloud 
chamber device (Aspirating Smoke Detector - ASD2). 
Per NFPA 76, Appendix B, "Performance Test 
Procedures for Very Early Warning and Early Warning 
Fire Detection Systems," the pre-alarm settings should 
have been tuned prior to the experiment. This leads to a 
potential disparity where the settingsfor ASD3 appear to 
have been tuned for the experiment, but those of ASD2 
have not. Furthermore, although the introductory text on 
page 5-1 indicates that a comparison should not be 
made between ASD2 and ASD3, there is significant 
information and statements made in the subsequent 
pages of Section 5 and Appendix 8.3 that does make 
these sort of comparisons. For the test to give valid 
comparisons, both ASD2 and ASD3 should have been 
tuned in accordance with NFPA 76, Appendix B prior to 
the tests being run.Excerpts provided below (emphasis 
added)Page 5-iIt is important to note that this 
experimental research was not designed to assess the 
performance of VEWFD models or types against one 
another, but rather, was designed to assess the potential 
VEWFD performance against conventional detectors. 
The VEWFD system sensitivity settings and system 
designs may not be optimal for the configuration being 
studied and will vary based on the environmental 
conditions of the application. The guidance on in-cabinet 
applications is less developed than the area-wide design 
specifications; therefore, in-cabinet designs rely on input 
from manufacturers and system integrators. 

NFPA 76 Annex B is not (in the 
commenters’ words) a "tuning" test.  
That test is to ensure that the detector 
is functioning, and that the transport 
times are met.  The Annex B tests B.2 
provides sufficient amount of smoke 
for the detectors to respond, but not 
so much smoke that it would 
negatively affect the electrical 
components in the room (see scope 
and objectives section of Annex 
B).Annex B was conducted for each 
light scattering VEWFD device prior 
to testing and the devices did detect 
that source.The statements are 
intended to re-inforce the fact that 
NIST is not a third-party evaluator of 
products and does not compare 
commercial products.  As such, this 
comment is not technically correct 
WRT the Annex B of 76 test.  In 
addition, the testing was setting the 
devices to the minimal requirements 
of NFPA 76 to achieve VEWFD 
sensitivities.  In one case, the devices 
was improperly set to 0.3 versus 0.2 
%/ft obscuration.  In that case, those 
results were not used in the estimate 
quantification presented in Part II of 
the report.  For the cloud chamber 
device, there was no guidance from 
the vendor that is directly tied back to 
the UL sensitivity tests that would 
allow setting up the system to meet 
the NFPA 76 requirements for 
VEWFD.  As such, the settings were 

No Change 
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varied to evaluate the sensitivities 
and for larger scale testing, the 
devices were commissioned by the 
vendor.  If applications allow for 
higher sensitivities, there is not 
restriction to using these higher 
sensitivities.  However, it should be 
acknowledged that higher sensitivities 
may reduce margin between 
background levels and may result in 
additional nuisance alarms. 
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161 General   Follow-on from Comment 160*Page 5-2The ASD and 
spot detector sensitivities are listed in Table 5-2. ASD 
piping configuration was nominally 3.7 meters long with 
four equally spaced sampling ports (T-connections), in 
which three draw ambient laboratory room air and one 
draws cabinet air. In the case of the ASD3, the pre-alarm 
and alarm sensitivities represent the port sensitivities 
equal to 0.2 % per foot obscuration and 1.0 % per foot 
obscuration. The sensitivities for ASD2, the cloud 
chamber device, were factory default settings, and not 
necessarily what would be used for in-cabinet VEWED 
system applications, but most likely lesssensitive 
settings.Page 5-45Detector response to smoke 
signature from materials included in the test program is  
resented generically. The in-cabinet, naturally ventilated 
test data is used. This data set limits variability of cabinet 
ventilation rate, and area-wide detector-to-source 
location influences on detector response. Figure 5-49 
presents data from all one-hour Heating Ramp Period 
(HRP) tests. The figure shows the detection time for 
each detector type and material. The "alert" response is 
reported for the following VEWED systems (SS, ASD 
CC, ASD LS1, and ASD LS2) and the "alarm" response 
for the conventional spots (PHOTO and ION). Note that 
the "alert" response is the 0.2 % per foot obscuration of 
the laser based systems (ASD LS1, ASD LS2, and SS), 
while the "alert" response for the ASD CC is the vendor 
recommended sensitivity. Since the latter doesn't report 
in percent obscuration per foot, comparisons between 
the ASD CC and other VEWFD systems should not be 
inferred to be tested at equivalent sensitivity settings. 
Instances in which the detector did not respond before 
the end of the test are not shown. Plots for the 15-minute 
and four-hour HRP show similar responses and are 
presented in Appendix B.  

See Comment #160 for resolution See Comment #160 for document modification. 



COMMENT TRACKING SHEET 
Document ID:  NUREG-2180   Revision #: Draft  

Document Title:  
Determining the Effectiveness, Limitations, and Operator Response for Very Early 
Warning Fire Detection Systems in Nuclear Facilities 

 

Date: June 2015 

 

 

65 
 

# 
Document 
Page / 
Figure 

PDF 
page 
# 

Comment Proposed Resolution Document Modification 

162     There appears to be inconsistencies between sections 
concerning what the outcome is that the incipient 
detection system is being evaluated as preventing. 
 
In some places the document discusses preventing fire 
damage outside the cabinet. Other places discuss fire 
damage to targets within the cabinet. 
 
In general, each real-world application might be trying to 
prevent a different outcome. For example, one 
application might desire to prevent spread between 
bundles within a cabinet, another might desire to prevent 
spread to an adjacent cabinet via an unsealed opening, 
while another might desire to prevent damage to targets 
above a cabinet. By picking one outcome and fully 
developing the Probabilistic Risk Assessment (PRA) 
values for that application, the report would leave a user 
trying to prevent a different outcome without valid factors 
to use. 

The testing and supporting analysis is 
not intended to represent every 
specific application.  The authors 
conducted several site visits to 
support development of the testing 
program that would be most 
representative of those field 
applications (within the limitations of 
the test facilities).  Although the event 
trees presented in Section 6.4 could 
be used to characterize "No damage 
beyond initiating component," 
"cabinet damage," or "fire damage 
outside cabinet" end states, 
refinements beyond these end states 
would require detailed information on 
the specific cabinet. 

No Change 
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163     Appendix B.2 General Comment: Section 4.3.3 of the 
main body of the report states that the Electrical Low 
Pressure Impactor (ELPI) discussed in Appendix B.2 
was used to measure aerosol size distribution during 
tests. Time-varying response graphs are presented in 
Appendix B.2 showing the response of various 
instruments during the tests; however, there is no 
information provided discussing the response time of the 
sampling instruments discussed in Appendix B.2 (i.e., 
transport time plus detector response time). Without 
response time information for these instruments, it might 
not be possible to correlate the information  provided in 
the graphs in Appendix B.2 to the performance of the 
smoke detector systems being tested. 

Added clarification in Section B.2.1.2 Added 'In the various laboratory test configurations, the 
transport time from the in-cabinet sample inlet to the 
various instruments was on the order of 2 seconds or less.  
The response time (95% of input change) of each 
instrument varied, with values for the TEOM, ELPI, CPC 
and EAD on the order of 5, 5, 2, and 2 seconds, 
respectively.' 
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164     General Human Factors (HF) comment: 
 
The HF evaluation treats the action of "removing power 
from degraded component" as essential to satisfying the 
objecting of the incipient detection system. This is not 
necessarily true in all cases. For an overheating piece of 
electronics, standing by with a CO2 or Halon 
extinguisher might be sufficient to avert the fire damage 
scenario that is of concern in the analysis. For example, 
if the scenario that is desired to be averted is fire spread 
outside of a cabinet, then standing by with a clean agent 
extinguisher might be sufficient to prevent the scenario. 
This is evident by the survey plants' responses to 
Questions #10 and #16 in Appendix C, 
in which neither took credit for removing power, and both 
credited the individual standing by as preventing fire 
spread beyond the initial failed component. 
 
Conversely, for a hot spot in a switchgear, removing 
power is likely the only viable way to prevent the 
undesired outcome (standing by with an extinguisher 
would not be very beneficial).  
 
These nuances are not present in the HF review. 

This comment is incorrect, both a 
suppression and de-energization 
strategy were evaluated (see figures 
9-1 and 9-1).  Chapter 9 states," Plant 
personnel can take one of two 
strategies to respond to incipient fires, 
either a fire suppression strategy or a 
de-energizing strategy.  A fire 
suppression strategy is one in which 
the end state is a posted fire watch at 
the affected cabinet and, thus, 
personnel are in position for prompt 
suppression.  A de-energization 
strategy is one in which the end state 
is removing power from the affected 
cabinet (or part of the cabinet) and 
repairing the degraded component; 
this is a prevention 
strategy/approach."  De-energizing is 
never referred to as "essential" for 
satisfying the objective of the system. 

No Change 
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165     Table D-1 comment:Table D-1 appears to discount all 
high-resistance connections in breakers as not being 
possible to detect at the incipient stage. Exelon's 
experience has been that there are a fraction of cases 
(not all) where high-resistance connections at breakers 
take time to develop into a fire, and some time is 
available from the first reports of smoke or odors, until a 
fire eventually occurs. Exelon believes that discounting 
these events without further explanation does not seem 
appropriate. In some cases, events that appear very 
similar are binned differently (e.g., Events 38 and 89). 

The events are binned based on the 
definitions presented in section 7.1 
and the available information found in 
the FEDB.  The descriptions provided 
in Table D-1 are summaries and the 
supporting information in the FEDB 
provided additional information that 
support the reviewers disposition of 
these events.  For the events 
identified, event #38 was identified as 
a failure during a test of a run 
contactor which resulted in excessive 
current in the CPT that ignited and 
damaged adjacent component.  event 
#89, was an internal short of a CPT 
during normal operation (not a test).  
More detailed timing information may 
allow for rebinning either of these 
events, but it is not currently 
available, and may not be available. 

No Change 
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166     NASA experience is not provided in the report. Given the 
small number of systems installed in NPPs, experience 
from other industries (Fossil, NASA, 
Telecommunications) must be used to develop a first 
pass of reliability data, response times, and incipient fire 
behavior (similar to how IPEEE was performed). Despite 
the large amount of data available in 
Telecommunications and NASA, the report does not 
provide much information about their response times to 
alarms or their experience in incipient fire behavior, or 
electrical equipment failure behavior. 

Representatives from the 
telecommunications industry were 
contacted to obtain such date, but it is 
considered proprietary to those 
businesses and information that they 
do not openly share.  As such, this 
information is not available for use 
here. 
 
NASA data was not provided in a 
manner that would allow for a 
calculation of reliability (unreliability).  
The contact at NASA did not have the 
data to support such a calculation 
readily available.  Only NASA 
Goddard was visited.  In those 
applications the systems were used 
primarily in clean room (tent) 
applications where satellite 
components were being constructed.  
It is unclear how the components of a 
satellite would represent the types of 
electrical enclosures found in NPPs.  
Regardless, such information from 
NASA was not provided in sufficient 
detail to draw any conclusions. 

No Change 



COMMENT TRACKING SHEET 
Document ID:  NUREG-2180   Revision #: Draft  

Document Title:  
Determining the Effectiveness, Limitations, and Operator Response for Very Early 
Warning Fire Detection Systems in Nuclear Facilities 

 

Date: June 2015 

 

 

70 
 

167 page iii, line 
27-29 

5 It has been shown that variables in NPPs such as 
ventilation, fuel type, system application/design, and 
operator response play a significant role in the 
performance of these systems to detect low-energy 
fires.Most of these "variables" would normally be 
resolved by modification acceptance testing during 
installation, and would not be variables in a final design 
at a site.  Exelon believes that it  might not be 
appropriate to treat these as uncertainties. 

The statement made in the Abstract is 
a general statement that remains 
valid.  The method presented in Part 
2, based on the information collected 
as described in this report, show how 
the system performance changes with 
these variables.  It is unclear how a 
modification acceptance test changes 
these influencing factors.  For the 
VEWFD systems tested, all met either 
the Annex B of NFPA 76 performance 
testing (light scattering) or the aerosol 
generation method as prescribed by 
the vendor (cloud chamber).  The 
testing has shown that the variables 
identified to influence the system 
response, even though all VEWFD 
system met the "acceptance testing."  
No technical basis is provided to 
support this comment.The authors 
are assuming that the comment is 
referring to the performance tests 
described in Annex B of NFPA 76.  
These tests are used to demonstrate 
that the VEW and EW fire detection 
system response to smoke and 
responds within the desired transport 
time.  These tests do not represent a 
sensitivity calibration test, nor does 
this test validate that a detector is 
configured to the proper set points. 

No Change 
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168 page 2-2, 
line 3-6 

38 ASD VEWFD systems have been  used at several U.S. 
NPPs (e.g., Three Mile Island and Robinson) for over a 
decade as a measure to reduce fire risk contributors 
identified during the individual plant examinations of 
external events (IPEEEs) or for enhanced fire detection 
means to support exemptions (Ref. 2 and 3). 
 
Also Clinton Power Station. 

Added 'Clinton Power Station' and 
provided full name to TMI and 
Robinson. 

(e.g., Three Mile Island Nuclear Station, H.B. Robinson 
Steam Electric Plant, Clinton Power Station)' 

169 page 2-3, 
line 16-18 

39 Change text from "This concept was fist introduced in 
NRC Branch Technical Position, Auxiliary and Power 
Conversion 17 Systems Branch 9.5-1 (BTP APCSB 9.5-
1) as a result of Browns Ferry Special Review Group 
recommendations (NRC IN 92-46, Attachment 1)."To 
"This concept was fist introduced in NRC Branch 
Technical Position, Auxiliary and Power Conversion 17 
Systems Branch 9.5-1 (BTP APCSB 9.5-1) as a result of 
Browns Ferry Special Review Group recommendations 
(NUREG-0050).Information Notice (IN) 92-46 does not 
appear to be a relevant reference here, as it does not 
contain the Brown's Ferry Special Review Group 
recommendations.  Exelon suggests replacing the 
reference with NUREG-0050. 

As proposed replaced 'NRC IN 92-46, Attachment 1', with 'NUREG-
0050' 
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170 page 4-2, 
line 21-32 

74 There was an issue identified concerning sensitivity 
settings for the procured cloud chamber ASDs, which 
was not fully resolved.  These ASDs do not report 
detector sensitivity in terms of ANSI/UL 268 standard 
engineering units of percent of obscuration per foot, but, 
in terms of numeric (dimensionless) settings.  That being 
said, for the testing performed to support this research, 
the dimensionless units were converted to a nominal 
particle number concentration obtained from the cloud 
chamber ASD software.  An assumption was made that 
the number concentration is a linear function of the 
obscuration, as would be the case with low 
concentrations of the same smoke particles.  The cloud 
chamber ASD sensitivity settings were selected to 
represent Alert and Alarm settings that covered a range.  
These settings were not fixed, but may have changed for 
different experimental configurations.  The exception 
was the last series of experiments with the multi-zone 
cloud chamber ASD, in which the vendor commissioned 
the system, and provided the sensitivity settings. 
 
In a permanently-installed system in a NPP, the system 
would have had full-commissioning testing as part of the 
installation, with calibration performed per NFPA 76, 
Appendix B. 
 
Exelon believes that the lack of calibration prior to 
testing of these ASDs calls into question the results 
provided by the tests, and the numerous comparisons 
made later in the document between different systems. 

NFPA 76 does not have an 'Appendix 
B'.  If the comment was intended to 
identify 'Annex B' then the comment 
is technically incorrect.  Annex B of 
NFPA 76 is a performance test, not a 
calibration test.  NFPA 76 does not 
discuss calibration anywhere within 
that standard or within any of its 
annex's.  The sensitivity of the 
detector is listed via a UL listing.  
Although, the comment is accurate 
that a permanently-installed system in 
a NPP, the system would have had 
full-commissioning testing as part of 
the installation, that testing would not 
provide a sensitivity calibration.   
 
All tests performed for this project 
were commission tested to either the 
NFPA 76, Annex B (light scattering 
VEWFD) or to the vendor specified 
method (cloud chamber VEWFD). 
 
The issued identified is that the 
software and manufacture literature 
for the cloud chamber does not report 
in obscuration as the listing for the 
cloud chamber system is provided by 
UL.  As such, there is not 
documentation to allow the end user 
to setup a cloud chamber system 
from this vendor to ensure that the 
port sensitivities prescribed in NFPA 
76 for VEWFD are met for the as-
designed/as-built system. 

No Change 
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171 page 4-5, 
line 17-18 

77 Wires 4, 6, 7, and 11 were classified as qualified per 
IEEE 383, "IEEE Standard for Type Test of Class 1E 
Electrical Cables, Field Splices and Connections for 
Nuclear Power Generating Stations."Exelon requests 
that the NRC clarify that reference to IEEE 383 here 
indicated the flame test of IEEE 383-1974 (or IEEE 1202 
current edition).  The current edition of IEEE 383 no 
longer contains flame test protocol, as it has been 
relocated to IEEE 1202. 

Clarified to 1974 flame propagation  Clarification added. 

172 page 4-11, 
lines 26-27 

83 A series of heated wire tests were performed, following 
the performance test procedures in Annex B of NFPA 
76, 2012 Ed., and based on British Standard BS 6266. 
 
This appears to be the installer's acceptance test that is 
nominally performed as part of the initial system 
calibration in accordance with NFPA 76, Appendix B. 
 
Note that NFPA 76, Appendix B, paragraph B.2.3.2 says 
to disable the "alarm verification or time delay features" 
for this test.  Exelon requests that the NRC clarify the 
report to discuss whether this was done. 

Clarification added. added sentence to clarify "For these tests, any alarm 
verification or time delay features were disabled." 

173 page 4-48 120 Section 4.5.1 comments: 
Exelon requests that the NRC state whether the system 
was calibration per NFPA 76, Appendix B.2 or B.3 prior 
to each experiment. 

Clarification added to Section 4.5. Added 'Either heated wire test per NPFA 76 Annex B.2 or 
vendor recommended performance tests were conducted 
prior to each series of tests.' 
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174 page 5-1, 
line 35-40 

133 The ASD Pre-alarm and Alert settings were not held 
constant throughout the different 36 experimental 
setups.  In the case of light scattering ASDs, the Pre-
alert setting ranged from 4 to 10 times the sensitivity of 
the VEWFD Alert setting (0.2 %/ft obscuration).  In the 
case of cloud chamber ASDs, the Pre-alert, Alert and 
Alarm settings in all experimental setups except the 
large-room, multi-zone experiments in which the vendor 
specified the sensitivity settings. 
 
Exelon is requesting further clarification on how the 
changes in set points are accounted for in the test 
results. 

No clarification needed.  The 
setpoints were clearly stated in a 
table in each sub-section of section 5 
where the individual test results were 
presented. 
 
Two sentences added to Section 
7.2.3 to clarify what setpoints / 
system response data was used for 
the risk scoping study. 

No Change 

175 page 5-18 150 Table 5-5 shows calibration data for detector ASD1l; 
however, none of the subsequent results on pages 5-19 
thru 5-37 report results for ASD1. Exelon is requesting 
further clarification why ASD1 results were not provided. 

ASD1 was inadvertently configured to 
be less sensitive than the 
requirements of NFPA 76.  As such, 
to avoid mis-us of that data, the 
experimental results are not shown 
for ASD 1 in that section. 

No Change 
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176 page 5-23 
and 5-24 

155 Figures 5-24 and 5-25 show line plots of detector 
response for different cabinet configurations. The use of 
line plots suggests that a relationship is expected to exist 
between the adjacent data points. However, since each 
test is a unique cabinet configuration, it appears that a 
line plot might not be an appropriate way to represent 
the results. 

The lines help present the changes in 
the response of a specific system for 
different experimental configurations.  
Ideally these lines would have been 
more benificial if a trend had appread.  
However, the authors still believe that 
the use of these lines allow for 
comparions of a single systems 
response to different cabinet/source 
configuraitons.  It should not be 
interpereted to compare different 
system performance. 

No Change 

177 page 5-38 170 In Table 5-9, Exelon requests further clarification 
concerning the basis for the sensitivity values for ASD4, 
as they appear to be approximately two to five times 
more sensitive than previous tests. 

The ASD 4 system was 
commissioned by the vendor.  These 
are their recommended sensitivity 
settings.  The settings used are within 
agreement to the 
service/maintenance manual supplied 
by the vendor for these systems use 
in NPP applications. 

No Change 



COMMENT TRACKING SHEET 
Document ID:  NUREG-2180   Revision #: Draft  

Document Title:  
Determining the Effectiveness, Limitations, and Operator Response for Very Early 
Warning Fire Detection Systems in Nuclear Facilities 

 

Date: June 2015 

 

 

76 
 

# 
Document 
Page / 
Figure 

PDF 
page 
# 

Comment Proposed Resolution Document Modification 

178 page 5-45, 
lines 3-6 

177 Although the experiments do show that a small pilot 
flame can ignite pre-heated wires, it is not unreasonable 
to expect that such pre-heated wire could ignite from a 
brief electrical arc, or glowing conductor, following an 
electrical failure; without sufficient pre-heating, ignition 
would not occur. 
 
Exelon is requesting further justification for why "piloted 
ignition" is an appropriate threshold to sue for cable 
temperatures.  It appears that if a cable is overheated, 
that "auto ignition" temperature would be more 
appropriate. 
 
Lowering the threshold to "piloted ignition" temperature 
would mean that a very unlikely coincidence occurred 
and that a separate energy source chose that exact 
moment to also fail, causing ignition of the pre-heated 
wire. 
 
Also a brief electrical arc is not the same as a candle 
flame.  Arcs are poor ignition sources for solids, unless 
something has already pre-heated the solid material. 

Information to address this comment 
is in the draft report section 4.2 
incipient fire source.  That section 4.2 
reference this section 5.8 and 
provides a detailed discussion as to 
why the incipient source design and 
ramp rate was chosen.  The end of 
the test is within the auto ignition 
range for the materials tested, as 
presented in Table 4-2. 
 
All topics identified by this comment 
are already provided in Section 4.2 
with justification. 

Added 'Refer to Section 4.2 for more detail on the design 
and intended purpose of the incipient fire source.' 
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179 Page 5-53, 
lines 24-28 

185 For the in-cabinet applications, the test data was initially 
analyzed for system effectiveness for two cases (i.e., 
naturally ventilated and forced ventilation conditions). 
However, the data showed a large discrepancy, an order 
of magnitude difference between the two cases. Further 
evaluation of the forced ventilation dataindicated that the 
reactor protection system cabinet, taken out of a U.S. 
NPP had a much lower VEWFD system effectiveness 
compared to the mock-up cabinet used in the MCPTA 
tests, and the naturallyventilated case. Further 
evaluation of the differences between cabinet design 
and testing conditions identified several parameters that 
are likely influencing these results.Exelon is unsure what 
this paragraph is portraying.  Exelon suggests providing 
a photo or figure, illustrating what this paragraph is 
discussing. 

2nd sentence modified to clarify and 
sentence added at end to reference 
sections where the cabinet 
configurations and photographs are 
provided. 

Modified 2nd sentence to state 'The data showed a large 
discrepancy, an order of magnitude difference between the 
two cases, with regard to system effectiveness.'  Reference 
sentence added to end 'Photographs and descriptions of 
these cabinet configurations are shown in Sections 4.4.2 
and 4.4.3.' 
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180 Page 5-54, 
lines 6-10 

186 Air streams within the cabinet caused by internal 
structural members used to hold circuit card, power 
supply, electronic modules, etc. and cabinet vent 
locations in relation to the location of the ASD sampling 
point may reduce effectiveness.  If the products of 
combustion cannot be sampled by the VEWFD system, 
then the system should be expected to either not 
respond or to experience a delayed response. 
 
Based on figure 4-19, it appears that numerous full-
plane obstructions existed in this cabinet. With no 
internal heat sources present to drive convection within 
the cabinet, it is surprising that smoke did not migrate 
through the cabinet wall. 
 
Based on one station reviewed, average MCR cabinet 
heat loads were 665W and average relay room cabinet 
heat loads were 1,015W.  This would tend to drive more 
air changes for cabinets such as the one shown in 
Figure 4-19 that occurred in the test. 

Valid comment, but it doesn't provide 
supporting data to justify the effect of 
having 665 or 1,015W loads present 
in the cabinet.  The cartridge heater 
used in the test was 500W, and 
provided sufficient thermal energy to 
transport the generated particles to 
the ceiling the  full room tests.  Thus, 
for these cabinet tests, it would 
provide similar buoyant energy as the 
MCR example given.  However, the 
intent of the paragraph commented 
on, as described on page 5-53, is to 
identify the parameters that are likely 
influencing the results [differing 
effectiveness].  The commented 
paragraph identifies that based on the 
test results and literature, cabinet 
design and ventilation rates have an 
effect on smoke dilution and thus 
detector effectiveness for low energy 
fires. 

No Change 
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181 Page 7-3, 
lines 1-5 

205 A nominal minimum threshold of 30 minutes should be 
used to classify 1 as being of "sufficient duration."  The 
30-minute threshold is assumed to be a factor of 2 larger 
than the assumed maximum 15-minute response time 
for plant personnel to arrive at the scene.  However, the 
30-minute rule is not the sole determiner of whether or 
not an event is classified as having an incipient 
stage.Given that all the other factors used in estimating 
probabilities involve some likelihood of success vs. 
failures, Exelon believes that it might be inappropriate 
here to double the 15-minte response time to 30 minutes 
and use it as a purely "pass/fail" criteria.  Similar to 
traditional brigade response, incipient response is based 
on a continuum, not a simple pass/fail based on an 
arbitrary time value.  Exelon believes use of an arbitrary 
30-minutes time value embeds undocumented 
conservatism into the probability estimates.Additionally, 
Table 10-1 estimate the Field Operator would be on-
scene within three to ten minutes, not 15 minutes as 
stated in this paragraph.Exelon requests that the NRC 
resolve this discrepancy between 30 minutes used in 
Chapter 7 and three to ten minutes used in Chapter 10. 

See Comment #134 for resolution. See Comment #134 for document modification. 
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182 Page 2-8, 
lines 25-28 

44 Exelon is requesting further clarification on whether the 
10-year period is really valid considering the extensive 
preventive maintenance testing performed on these 
systems. 

Outside the scope of this project.  As 
stated, 'Smoke detectors are typically 
designed for a life expectancy of 10 
years or more.'  The 10 year criteria is 
based on smoke detection industry 
standards and vendor 
recommendations.  The end user is 
responsible for ensuring that their 
system can function after 10 years of 
initial service. 

No Change 

183 Page 3-2, 
line 5 

62 Change "zero combustibility zones" to "transient 
combustible control zones" 
In the TMI example given, the zones discussed are 
marked to control transient combustibles in accordance 
with Appendix R.III.K.  They are not combustible free 
zones which would indicate compliance with Appendix 
R.III.G.2.d 

Agree Changed as proposed. 

184 Page 3-2, 
lines 24-25 

60 Change "Unfortunately these cases were not 
documented" to "Unfortunately, documentation of these 
events could not be located." 
Exelon believes that it would be incorrect to assume the 
event was undocumented considered it resulted in an 
unexpected Control room alarm along with subsequent 
work requests to repair the issue.  However, given the 
age of the issue, documentation (CAP entry) was not 
readily retrievable. 

Statement modified Last sentence changed to 'Unfortunately, documentation of 
these events were not readily retrievable." 

185 Page 4-3, 
line 47 

75 There appears to be a reference error associated with 
Table 4-2. 

See Comment #20 for resolution. See Comment #20 for document modification. 
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186 Page 4-18, 
line 7 

90 Figure 4-15 lists Item F - Infrared Radiation (IR) camera 
view port, but it is not indicated on the diagram. 

Agree Added "F" and arrow pointing to IR viewport. 

187 Page 4-23, 
line 5 

95 This line begins by describing a "heap-filter" air cleaner. 
Exelon believes that this might be a typographical error 
and should read as "HEPA-filter" air cleaner. 

See Comment #96 for resolution. See Comment #96 for document modification. 

188 Page 8-5 219 Three assumptions are made on page 8-5 that seem 
reasonable to a degree, but there is still quite a range of 
uncertainty, especially in the third assumption, that the 
linear heat-ramp is an approximation in the incipient 
stage and the smoke generation might not follow this 
approximation. The assumption to use the test data may 
be reasonable, but an inherent uncertainty with the 
actual electrical panel failure modes may not be a valid 
assumption. 

See Comment #153 for resolution. See Comment #153 for document modification. 

189 Page 8-3 217 Figure 8-3, showing the potential time for plant 
personnel to respond to an alert or alarm notification is 
important, but it is not clear what the y-axis means. What 
is the Complementary Cumulative Distribution Function 
in terms of something measurable that a user can 
achieve with the Very Early Warning fire detection? 
Exelon suggests using fire parameter instead, since it is 
commonly understood. 

Changed axis label Label on axis changed to "Time Available" "Pr [ T > t ], 
CCDF" 
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190 Page 8-7, 
lines 1-14 

221 ... Since the VEWFDS detection type was known (Cloud 
Chamber) the timing information from that event could 
be used directly for the cloud chamber estimate.  
However, those two events timing information was 
adjusted for the other detectors by using the normalized 
mean difference in performance.  For instance, if a cloud 
chamber event provided for 60 minutes of advanced 
warning from the VEWFD "alert," and detector X 
provided half of the advanced warning as the cloud 
chamber (based on normalized mean time to detection), 
then detector X would have allowed for 30 minutes of 
advanced warning for that event. The last estimate 
was from the interim staff position, and since this value 
was presented in both industry and NRC documents, it 
could reviewed as somewhat of a consensus opinion. 
However, neither the industry nor the NRC document 
provided any technical basis to support such an 
estimate. Review of operating experience has also 
demonstrated that these assumptions are not bounding. 
Since the interim staff position does not differentiate 
between detection technologies, the estimate is 
assumed to be applicable to all VEWFD systems. 
 
As estimate is made on page 8-7 that the report says 
has no technical basis, yet an assumption was made 
that applies to all the detector technologies.  It does not 
seem clear that the detection actually allows 30 minutes 
of advanced warning.  If so, what will be the way to verify 
the assumption?  Can we use the smoke developed?  
Also, 30 minutes of advanced warning just happens to 
be 50% of the cumulative distribution function on Figure 

Comment questions the use of the 
FAQ opinion in the time available 
estimate, how it is used, and it 
applicability.  The authors agree that 
the use of this data point may not 
best serve the estimate and as such 
have removed the 1-hour point from 
the curve.  The report has been 
updated in the other appropriate 
sections.  Note that this changes the 
curves minimally and as such, does 
not significantly alter the HRA 
sections, however minor change in 
the final quantification examples will 
occur.  Removal of the data point 
changes the lambda exponential 
distribution parameter less than 5% 
for any of the distributions. 

Removed FAQ 1-hour data point from curve. Updated 
curves 8-3, 10-1, D-1, Table d-2 and associated 
discussion.  Also changed tables 10-4, 10-12, 10-13, and 
10-14. 



COMMENT TRACKING SHEET 
Document ID:  NUREG-2180   Revision #: Draft  

Document Title:  
Determining the Effectiveness, Limitations, and Operator Response for Very Early 
Warning Fire Detection Systems in Nuclear Facilities 

 

Date: June 2015 

 

 

83 
 

# 
Document 
Page / 
Figure 

PDF 
page 
# 

Comment Proposed Resolution Document Modification 

8-3.  Exelon requests further clarification regarding the 
significance. 
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191 Page 9-3, 
lines 36-39 

225 The technician is responsible for gathering necessary 
equipment, traveling to the fire location, and using the 
equipment to find the incipient fire source.Page 9-3, line 
36 states that in addition to dispatching a Field Operator 
who serves as a fire watch, there is a technician 
responsible for gathering equipment, traveling into the 
fire location, and using the equipment to find a fire 
source. Figure 9-2 shows the flow chart for the actions. 
Specifically, the flow chart has the technician providing 
the specific location of the affected panel back to the 
Field Operator. So to this point, it appears that the 
technician is doing external testing. At some point the 
technician has to open the panel and start searching for 
the degraded component. This implies that Operations 
must choose those panels that they are comfortable 
entering at power. Some panels can cause a reactor trip 
(scram) and that must beweighed against the 
technician's ability. In addition, a technician will almost 
never be sent inside a panel without a pre-job brief, 
which includes configuration control methods, etc. 
Therefore, Exelon believes that it would prudent to have 
pre-engineered documents that discuss the actions that 
should be taken, recommended suppression agents, 
how to power down cabinets, etc. 

Agreed,  it would be prudent pre-
engineered documents that discuss 
the actions that should be taken, 
recommended suppression agents, 
how to power down cabinets, etc. 

No Change 
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192 Page 9-12 
to 9-13 

234 Section 9.2.2.1.4 discusses Thermal Imaging (TI) 
cameras. TI has been great for finding hot spots in 
electrical cabinets and switchyards. Is there evidence of 
the extent that thermal imaging would be useful in the 
early phases of an incipient fire where the heat source is 
not yet fully developed, but is developed enough to 
release some atoms and compounds that are 
detectable. Is it possible that the TI device may be used 
a little too early and present results that could be 
misinterpreted as no fire? In this case, would one 
continue to use the very early monitoring to verify that 
there still is a concern until TI picks up the concern? 
Portable ASDs might be helpful, but is there a way to 
figure out how successful they will truly be? 

Although TI is a useful tool to locate 
overheated components, it is up to 
the licensee to determine if use of 
such a device is warranted to located 
the incipient source.  As such, this 
section is providing an overview of 
the technology and pros/cons for 
using them.  WRT using TI too early, 
there may be cases where the TI is 
not able to locate the overheated 
component.  For example, if the 
overheating condition was a transient, 
without a flaming fire, then the 
component may have cooled down 
sufficiently to not allow the TI camera 
to successfully locate the overheating 
device.  However, for non-transient 
events, the thermal particulate point is 
typically greater than 150 degrees 
Celsius and as such, the component 
would likely be at a temperature 
above its TPP.  Regardless of 
whether the TI locates the source or 
not, the user should continue to 
identify the overheating component 
until it is found or the alert/alarm has 
cleared and no evidence of fire exists.  
The best method to determine the 
effectiveness of portable ASDs would 
be to rigorously document their 
performance in the field for real 
scenarios. 

None 
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193   234 Section 9.2.2.4 for training has all the types of training 
for the Operators and technicians. The plant has fire 
watch and fire brigade training as well, but there appears 
to be something missing in this section. When energized 
electrical cabinets are opened in the plant, there needs 
to be a greater focus on human performance training 
and human performance tools in order to remain safe 
and to ensure that there is no inadvertent scram of the 
reactor. It is important to ensure that proper 
configuration control is maintained. Therefore, Exelon 
suggests that the NRC consider adding further 
discussion about electrical safety and human 
performance briefs and training. 

Agreed. Added discussion in Section 9.2.2.4 

194 Page 7-4, 
lines 11-13 

206 Per the FAQ approach, for electrical cabinets that 
contain "fast acting" components, those elements/parts 
are to be proportioned, and a fraction should be 
estimated as the (number of fast acting components) / 
(total number of components within the cabinet.)  
Change "... of fast acting..."There appears to be a 
typographical error.  Exelon believes that the word "fact" 
should be replaced with the word "fast." 

Agreed Changed to 'fast' 
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195 Page 7-5, 
lines 5-12 

207 There may be cases where the use of VEWFD systems 
combined with appropriate operator actions may 
enhance the likelihood of preventing high-energy arc 
fault (HEAF) type events (Ref. 41).  There are also 
cases where use of these systems has not prevented 
HEAF events (Ref. 42). Although the use of VEWFD 
systems to protect power distribution type equipment in 
combination with adequate and prompt operator 
response could help reduce the likelihood of HEAF (Bin 
16) type event fires; it should not be considered a HEAF 
prevention system. Evaluating the risk benefit from the 
use of these systems with regard to HEAF events is 
outside the scope of this project. 
 
Switchgear cubicles contain a mixture of high voltage, 
and low voltage (control and instrument) cabling and 
devices.  Not all failures in a switchgear cubicle would 
behave as a HEAF. Exelon believes that the VEWFD 
should provide benefit for faults in the 
control/instrumentation potions of a switchgear. 

Agreed.  Table 7-1 credits "power 
cabinets" as having a faction of 
events that are thermal events that 
have an incipient stage.  This fraction 
(based on operating experience - 
EPRI FEDB) represents the incipient 
fires of switchgear type components 
as identified in the footnote of that 
table 7-1. 

No Change 
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196 Page 7-6, 
lines 5-7 

208 Operating experience data collected from site visits 
shows that there is a large variation in system downtime.  
The maximum likelihood estimate for an average annual 
system downtime is 14.7 hours (hrs.)/year/device.  This 
results in a generic unavailability estimate of 1.70x10-3. 
 
In cases where system downtime is compensated for 
with fire watches (which is typically the case), there is no 
loss of protection when the system is unavailable for 
testing or maintenance.  This would eliminate this factor 
from the PRA calculation. 

Partially disagree with comment.  The 
comment implies that the fire watch is 
providing an equivalent form of 
detection over the smoke detection 
system.  There is no supporting 
information to justify this statement.  
The types of fire watches and actions 
by the fire watches would have to be 
justified to make such a statement.  
For instance, it is the authors opinion 
that a roving fire watch would not 
provide an equivalent level of "very 
early warning fire detection," and 
even a continuous fire watch may not 
provide an equivalent level, 
depending on the configuration of the 
system and physically layout of the 
plant fire zone/area.  If the 
components being protected were 
within electrical enclosures would the 
doors of those enclosures be open to 
allow prompt identification of any 
imminent fire hazard?  Therefore, a 
generic statement is not justified for 
this report.  

Added sentence that states 'A plant specific (or fleet 
specific) unavailability estimate may be used if sufficient 
data is available to support such an estimate.' 
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197 Page 7-6, 
lines 40-46 

208 Germany NPPs Foreel and Einarsson reported that 
three of the six German NPP units (2 PWR and 4 BWR) 
investigated for fire protection systems and component 
reliability data included data on the performance of ASD 
systems.  Approximately 250 ASDs were included in the 
research, which identified 5 failures in 12.19 million 
operating hours (Ref. 25). This operating experience 
results in an expected failure rate of 4.5x10-7/hr and an 
unreliability of 9.86x1010-4 based on a semi-annual 
surveillance.Replace failure rates and unreliability rates 
with vales reflecting there were no unannunicated 
failures of the equipment from Reference 25.The 
concern with the "unreliability" parameter is the 
hypothetical situation where the VEWFD system is 
inoperable, but the plant Operators are unaware that it is 
inoperable due to a "silent failure" of the 
device.Reference 25 states that all five failures were 
"self-signaled" (i.e., annunciated by the device's 
supervision circuitry).  The design of VEWFD equipment 
contains numerous self-test features and generates a 
supervisory alarm when parameters are out-of-
specification.  If such a system were installed in a U.S. 
NPP, a Technical Requirements Manual (TRM) would 
prescribe action statements (e.g., a fire watch) until the 
condition could be rectified.  Therefore, there would be 
no reduction in protection.Exelon believes that the data 
in Reference 25 has been misinterpreted.  Since there 
were no "silent failures" of devices in the Reference 25 
sample population, the conclusion reached in NUREG-
2180 regarding the expected failure rate and unreliability 
is questionable. 

The method described in NUREG-
2180 is consistent with the approach 
taken in EPRI 1016735.  The NUREG 
provides a generic estimate of 
unreliability.  If site specific data is 
used to develop estimates and a 
reduction in expected failures is 
accounted for based on the 
silent/versus non-silent argument, 
then it would be reasonable to have 
an evaluation showing that the 
compensatory measure (fire watch) 
provides an equivalent level of 
perfection to the VEWFD system.  
This will likely vary depending on the 
type of fire watch, type of components 
covered, extent of outage time, air 
flow, among others.  Because this 
estimate is generic, there will not be 
an attempt to justify the equivalency 
of fire watches during system failure 
periods.This comment doesn't 
accurately characterize the reference 
document.  The Ref. 25 paper was 
reviewed subsequent to this comment 
and unable to find anywhere in the 
paper where the five failures identified 
for ASD systems were specifically 
identified as "self-signaling".  The 
referenced document does make a 
general statement that is not specific 
to any component regarding self-
signaling failures. 

No Change 
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198 Page 7-8, 
lines 1-5 

210 U.S. NPPs 
U.S. NPP unreliability estimates are based on 
information collected during the site visits and 
information obtained from the EPRI report 1016735.  
Information on 181 system years shows 4 system 
failures.  This results in an expected failure rate of 2.84 
x10-6/hr. and an unreliability of 6.22x10-3. 
 
Unreliability should be based on an un-anticipated 
system failure (silent failures).  Given the self-test and 
supervisory features of the VEWFD systems, the data 
presented in Table 7-2 should be reviewed and the 
unreliability estimate re-performed.  If a VEWFD system 
annunciates a system failure, and fire watch's are posted 
(discussion in Chapter 3, Page 3-44), then there has not 
been a period of time where the protected space has 
been unprotected. 

See Comments #196 &197 for 
resolution. 

See Comments 196 & 197 for document modification. 
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199 Page 7-8, 
lines 46-49 

210 Based on the information collected from Germany and 
U.S. NPP operating experience along with the reliability 
estimates provided by the vendors (UL 268 or MIL-
HDBK-217), the generic unreliability of 4.5x10-3 is 
estimated based on a seismic annual surveillance period 
and equal weighting of these four sources of data.Exelon 
is requesting further clarification on how the generic 
unreliability estimate of 4.5x10-3 was arrived at.  Exelon 
reviewed the information provided on this page and 
attempted to verify the computation; however, we did not 
get the same numeric answer.Also, Exelon suggests that 
the NRC review the German and U.S. NPP data again, 
and specifically consider whether the system would have 
annunciated the inoperability and have been 
compensated for by a fire watch.  If the system 
annunciated a problem and a fire watch is posted, then 
there is no less of detection for the area. 

Reviewed calculations and estimates 
stated in report are corrected based 
on equations stated in report.  One 
typographical error was found.  Draft 
stated 4 sources of data were 
average, but it was actually only 3 
(German, USA, and averaged 
vendor) 

Added sentence on the use of a semi-annual surveillance 
rate = 4380 hours.  Fixed typo (4 to 3).  Inserted equation 
for final estimate. 
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200 Page 8-1, 
line 29-33 

215 The analysis assumes that since the fire probabilistic risk 
assessment (PRA) is quantifying the risk from potentially 
challenging or greater fires that ignition can be expected 
to occur at some point if not  prevented/hampered by 
plant personnel, per the definition of fires characterized 
by the fire ignition frequency. 
 
Exelon believes that this discussion is too simplistic, in 
that is assumes that every heated wire will eventually 
burst into flames.  It is also possible that the 
fuse/breaker will open (per the electrical protection 
design) or the wire will open.  Not every electrical 
mishap results in a fire.  Just because more mishaps are 
detected earlier, does not result in more of them 
becoming fires. 

The report does not imply that every 
overheated wire results in a 
potentially challenging or challenging 
fire.  However, there is a fraction of 
overheating events that transition in 
to a fire that is characterized as 
potentially challenging or greater, per 
the EPRI FEDB.  As such, this 
section of the report is using the test 
data to represent that fraction of 
incipient fires that to develop into 
potentially challenging or greater 
fires, to develop timing information 
that the HRA can use to estimate 
human error probabilities.  Statement 
is accurate, it is addressed in the fire 
frequency estimation and has no 
relevance to this portion of the report. 

No Change 



COMMENT TRACKING SHEET 
Document ID:  NUREG-2180   Revision #: Draft  

Document Title:  
Determining the Effectiveness, Limitations, and Operator Response for Very Early 
Warning Fire Detection Systems in Nuclear Facilities 

 

Date: June 2015 

 

 

93 
 

# 
Document 
Page / 
Figure 

PDF 
page 
# 

Comment Proposed Resolution Document Modification 

201 Page 8-2, 
lines 15-20 

216 At some point following flaming combustion, if the "fire" 
is not precluded from manifestation as such before the 
burning phase, the cabinet is damaged because of fire 
growth and if not successfully suppressed, the fire may 
develop such that targets external to the cabinet become 
damaged.  Details on how to model the fire growth 
stages are not discussed here; however, the generic 
concepts will be highlighted as they relate to estimating 
the non-suppression probabilities.Based on NUREG-
2178 and NUREG/CR-7197, not all cabinet fires 
grow/propagate. Exelon recommends that the discussion 
should be revised to reflect that without accelerants, 
most cabinet fires do not grow/propagate, and self-
extinguish. 

As report describes, the modeling of 
fire growth after established burning 
is not within the scope of this work 
(modeling smoke detector response 
to incipient fires).  As such, the 
statements are needed to bound that 
scope.  A sentence at the end of the 
paragraph has been added to 
reference NUREG-2178.  The 
comment may be slightly biased in 
that only a limited number of 
experiments documented in 
NUREG/CR-7197 used accelerants.  
Other test data within that same 
report as well as historical and 
international test data indicate that 
electrical enclosure fires can 
propagate without the use of 
accelerant.  The NUREG-2178 
provided additional detail on these 
other experiments and their 
applicability for use in 
developing/updating methods to 
model fire growth, following 
established burning. 

Sentence added to reference NUREG-2178. 
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202 Page 8-3, 
lines 12-14 

217 Figure 8-2 presents the test results showing the 
normalized time for in-cabinet VEWFD system response 
with an "alert."  Statistical K-S tests were run between 
the groups and found to be pool able.  The pooled 
dataset is shown as "All" in Figure 8-2 and has a median 
of 0.54 and mean of 0.56. 
 
Since the rate-ramp of the source was arbitrary set by 
the experiments, Exelon believes that it is not clear how 
normalizing the results with respect to time provides any 
conclusions about the detector response time.  If the 
data had been correlated based on the time after the 
source exceeded some particular critical temperature, 
this might be more informative, and also more practical 
to apply in a real world application. 

Similar to comment #153. 
 
In addition, since linear HRPs were 
used with a basis provided in Section 
4.2.1, it is unlikely that applying a 
critical temperature assumption would 
alter normalized the results. 

See Comment #153 for document modification. 

203 Page 8-3, 
lines 14-15 

217 These results support development of an estimate for 
operator response time availability as discussed in the 
next section. 
 
Exelon believes that this statement might not be 
supportable and it appears that subsequent conclusions 
in Chapter 8 based on this are also  unsupportable. 
Chapter 4 indicates that the ramp-rate is an arbitrary 
value chosen by the experimenters, and not based on 
any real-world phenomenon. Also, Chapter 4 uses 
"piloted ignition" temperature as its metric, but does not 
justify why piloted ignition is valid, and why "auto 
ignition" was not a more appropriate consideration. 

See comment #153 regarding the 
HRP justification. 
 
See comment #178 for the "pilot" 
versus "auto ignition" justification. 
Note that the end of the HRP are 
within the range of auto ignition for 
the materials tested. 

See Comments #153 & #178 for document modification. 
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204 Page 8-5, 
lines 41-43 

219 Thus, the use of the test data seems reasonable, but 
has inherent uncertainty associated with its ability to 
represent actual electrical equipment failure 
modes.Exelon believes that it might not be reasonable to 
use the test data.  The testing has not investigated the 
electrical failure modes of equipment in sufficient detail 
to reach a positive conclusion about the realism of the 
heat/smoke source in the tests or its ramp-rate. 

Comment does not provided evidence 
to support.  The report has provided 
sufficient documented information to 
support the statement in question. 

No Change 

205 Page 8-6, 
line 1-8 

220 However, it should be understood the process followed 
contributes its own uncertainties, which may not be 
adequately quantified to represent an informed technical 
community's beliefs. The authors of this report suggest 
that a formal process (such as an expert elicitation) be 
followed if better resolution of this quantification is 
needed. It is also suggested that any such effort employ 
experts knowledgeable in electrical component design 
and failure characteristics, such as individuals from 
vendors of the equipment being protected (i.e., relays, 
transformers, power distribution equipment, etc.) or from 
industries with extensive operating experience and 
components similar to those found in NPPs. 
 
Given the large effect that the test design, ramp-rate, 
and assumptions have over the outcome of this 
document, Exelon believes that it might not be 
appropriate to publish results that have not addressed 
the electrical characteristics of the equipment involved. 

Comment does not provided evidence 
to support.  The report has provided 
sufficient documented information to 
support the statement in question. 

No Change 
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206 Page 9-4 226 Figure 9-1 comments: 
The Field Operator is shown serving as the fire watch. In 
that role, if a fire is observed, his immediate action is to 
notify the Control Room (to initiate full fire brigade 
activation and update the Control Room of conditions), 
and then to attempt to suppress fire. If a technician is 
also present, the Field Operator may ask the technician 
to notify the Control Room while the Field Operator 
attempts to suppress the incipient fire. In any case, the 
Field Operator would ensure the Control Room is 
notified, and the Control Room would immediately 
dispatch the fire brigade. This process flow is currently 
not reflected in the flowchart. The flowchart currently 
only shows that the full fire brigade is activated based on 
general area detection alarms. 

In this case, there is not  a visible sign 
of fire.  It may be an overheating 
cable that will turn into a fire.  This is 
one generic depiction of response to 
one scenario, certainly others are 
possible and aspects of response will 
vary from plant to plant.  Also, they 
are sending the fire brigade on 
incipient alarm (i.e. alarm occurs at 
1.0 %/ft. obscuration) not a general 
area detection alarms).   An alert 
occurs before an alarm (0.2 %/ft 
obscuration - alert) which is the 
trigger for the FO and tech response. 

Added footnote to address comment 
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207 Page 9-15 
to 9-16, 

Lines 49-50 
and 1-4 

237 One strategy would be to "pre-locate" the isolation 
devices for all ignition sources within each cabinet in an 
effort to speed up the process.  This would include 
predetermining the isolation devices, conveniently 
displaying that information for use in response to 
VEWFD alerts, training responders to rapidly locate and 
operate the isolation devices(s), and conducting drills to 
periodically demonstrate this ability.Section 9.2.2.7 
places an inordinate emphasis on de-energizing panels.  
Removing power from a piece of equipment requires 
careful consideration of the operating impacts, Technical 
Specification compliance, and human performance 
pitfalls that could occur, all of which will vary based on 
the current plant conditions.  It is unlikely that a plant 
would be able to generically prescribe actions to remove 
power from a cabinet or component the way this section 
suggests.  There may only be a handful of components 
where this is possible.If a Field Operator is standing by 
with the ability to immediately extinguish a fire, then 
except for HEAF scenarios, Exelon believes the 
individual should be able to mitigate the incipient fire, 
even without de-energization. 

It is unlikely that a field operator 
would apply suppression means to an 
incipient fire (no visible flame).  
However once the incipient fire 
transitions to a flaming fire, the field 
operator would likely apply 
suppression means.  Operating 
experience has shown that for cases 
where the operators respond prior to 
the transition to a flaming fire, the 
cabinet doors may be closed and 
locked, with the possibility of the key 
being returned to the main control 
room.  In those instances, 
suppression at the onset of flaming 
conditions would be difficult to identify 
and suppress.  As such, the 
information in this report provides 
information on one possible approach 
"de-energization" and the activities 
that would need to be performed.  
Other approaches may be possible, 
and the report does not intend to limit 
other possible approaches. 

None 
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208 Page 10-3, 
line 35 

241 There is very limited information on existing VEWFD 
applications in NPPs. 
 
NASA and Telecommunications companies have 
decades of experience with VEWFD systems.  Much of 
their experience would be relevant to this section, but it 
seems that it was not considered.  Exelon recommends 
that the NRC consider not limiting their human factors 
investigation to only NPP data sources. 

See Comment #166 for resolution. See Comment #166 for document modification. 

209 Page 10-5 
to 10-6, 

lines 24-25 
and 4-5 

243 …once an VEWFD system alert/alarm occurs, response 
to the VEWFD system signal is the priority for all of the 
operating crew in the MCR… 
…In particular, MCR operators are trained to "drop 
everything" when a VEWFD system signals… 
 
The quoted text appears to give the impression that 
response to a VEWFD alert/alarm would take priority 
over safe plant operation and/or monitoring numerous 
plant parameters for abnormal conditions.  Exelon 
requests further clarification regarding the intent of the 
statement and suggests that the discussion be revised to 
avoid giving this impression. 

The scope of this VEWFD system 
installation is that there cannot be any 
higher priority plant concerns at the 
time of an "alert" or "alarm" from the 
detector.  The specific operator 
response described in the report is 
consistent with current NPP 
installations of VEWFD. 

None 

210 Page 10-7, 
line 1 

245 …dispatched by the MCR operator 4… 
Footnote 4 is not defined on this page. 

The footnote is not needed in the final 
report; the footnote has been 
removed. 

Final report revisions eliminated this footnote. 
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211 Page 10-8 
to 10-12 

246 Section 10.4 does not appear to give credit for traditional 
fire brigade response to augment/supplement the 
incipient response by the Field Operator.Currently, 
Section 10.4 suggests that if an incipient  response Field 
Operator arrives on the scene and subsequently fails to 
suppress an incipient fire, that the scenario is considered 
a failure.In reality, once the Field Operator has arrived 
on the scene the individual performs the duties of fire 
watch and incipient suppression. In that role, if a fire is 
observed, the individual's immediate action is to notify 
the Control Room (to initiate full fire brigadeactivation 
and to update the Control Room of conditions), and then 
to attempt to suppress the fire.  Based on this notification 
from the scene, the Control Room would immediately 
dispatch the fire brigade. This fire brigade response 
would be expected to be faster than a traditional brigade 
response, due to their knowing the location of the fire 
based on eyewitness report from the Field Operator, 
knowing the fire was confirmed already (no additional 
verification or confirmatory alarms needed), and knowing 
the nature of the fire. Thus, in the scenarios where the 
Field Operator is in the room, there is both an incipient 
suppression response, and (if fire exists) a full fire 
brigade response. 

The field operator in the VEWFDS 
application addressed in this report 
provides the fire suppression 
capability.  In particular, when the 
incipient phase ends, the field 
operator is expected to perform fire 
suppression activities before the fire 
brigade arrives.  The HRA discussion 
makes clear that the field operator 
must have fire suppression training.  

None 
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212 Page 10-14 252 1 cabinet: 0, 3 cabinets: 5, 6 cabinets: 10, 10 cabinets 
15 
The third row of Table 10-1 shows that for multi-cabinet 
installations, the time duration to identify the affected 
cabinet appears to be based on the time to check all of 
the cabinets. This suggests that the problem will always 
be in the last cabinet that the technician looks in. Exelon 
suggests that the NRC consider that these values should 
actually be ranges, based on the possibility that in some 
cases, the problem will not be in the last cabinet the 
technician examines. This would be similar to other 
values given in Table 10-1, which are also expressed as 
ranges. 
 
Exelon recommends this change be made to similar 
tables throughout Chapters 10, 11, and 12. 

The final report revisions no longer 
uses time required for the technician 
to identify the affected cabinet.  

The final report revisions have eliminated this concern. 

213 Page 10-15, 
lines 48-49 

253 Change "…30 minutes after "alert" (which, from Table 
10-1) is approximately the maximum amount of time for 
the field operator to be positioned for immediate fire 
suppression." 
To "…3 to 10 minutes after "alert"…" 
Exelon believes that based on Table 10-1, it appears 
that this should be three to ten minutes, not 30 minutes. 

The HRA approach documented in 
the final report uses 3-10 minutes as 
the total required time for all cabinet 
configurations. 

Since the HRA approach in the final report is different than 
in the draft report, this concern has been eliminated.  

214 Page 10-17 255 Exelon believes that the data in Tables 10-2, 10-3, and 
10-4 is misleading given that the heat source ramp-rate 
was arbitrarily chosen by the experiment, and the 
different detection devices were not calibrated 
consistently per NFPA 76, Appendix B prior to the 
experiments. 

See comment #153 regarding the 
HRP.  Regarding the calibration, the 
comment is incorrect.  See comment 
#170 for further details. 

See Comments #153 & #170 for document modification. 
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215 Page 10-18, 
lines 29-38 

256 For the multi-cabinet systems discussed in lines 28-38, 
Exelon recommends that the time the technician 
identifies the correct panel be expressed as a range, 
since the issue will not always exist in the last cabinet 
that is examined. 

The HRA approach uses in the final 
report does not include the time 
required for technician actions in the 
total time required. 

The final report revisions have eliminated this concern. 

216 Page 10-19, 
lines 28-31 

257 Table 10-3 and 10-4 for conventional spot-type ION and 
VEWFD light-scattering detectors show that the time 
required for operator response is always greater than the 
time available for this sample point.  Therefore, all of 
these cases for these two detectors are not feasible for 
this sample point and should be assigned a failure 
probability of 1.0.Exelon believes that this conclusion 
does not appear to be true if in-cabinet addressable 
spot-type detectors are used.  Addressable detectors 
would provide the exact location to the Operator, 
eliminating the 12-29 minutes of searching. 

Section 10.5.4 page 10-30 of draft 
report discusses application of 
addressable conventional detectors.  
Text in draft report provide sufficient 
information to address this comment. 

No Change 



COMMENT TRACKING SHEET 
Document ID:  NUREG-2180   Revision #: Draft  

Document Title:  
Determining the Effectiveness, Limitations, and Operator Response for Very Early 
Warning Fire Detection Systems in Nuclear Facilities 

 

Date: June 2015 

 

 

102 
 

# 
Document 
Page / 
Figure 

PDF 
page 
# 

Comment Proposed Resolution Document Modification 

217 Page 13-1, 
lines 21-24 

301 VEWFD systems don’t always provide enhanced 
warning over conventional spot-type detection during the 
low-energy incipient stage.  The performance of either 
type of system (VEWFD or conventional spot-type) is 
dependent upon the material thermal decomposition 
rate, and aerosol characteristics. 
 
Exelon believes that this conclusion was not 
substantiated in the report.  The conclusion depends on 
the assumed ramp-rate of the test source, which is an 
artifact of the test protocol 

Section 5 provided numerous plots 
from different tests showing that spot-
type (ION) detectors are reaching 
there alarm set point prior to some of 
the VEWFD system reaching their 
'alert' set point.  This is evident in 
Figures 5-1, 5-2, 5-3, 5-4, 5-5, 5-6, 5-
7, 5-8, 5-12, 5-18, 5-20, 5-24, 5-24, 5-
25, 5-30, 5-32, 5-34, 5-35, 5-36, 5-39, 
5-51, 5-52.  Table 5-11. 
Note that the statement does not say 
"conventional always outperformed 
VEWFD"  it only states that VEWFD 
systems don't always provided 
enhanced warning over conventional 
spot-type detection.   
 
See comment 153 regarding the 
applicability of the HRP. 

No Change 

218 Page 13-2, 
line 5 

302 However, ASD 5 system unavailability differs from that 
reported in the EPRI document, and is estimated at 
1.7x10-3 per detector unit per year, based on the 
average annual system downtime from plants where 
information was collected. 
 
Exelon believes that 1.7x10-3 is incorrect, based on 
comments provided in Section 7. 

See Comment #196 for resolution. See Comment #196 for document modification. 
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219 Page 13-3 
to 13-4, 

lines 45-47 
and 1-4 

303 …Information such as nuisance alarm rate, scheduled 
and unscheduled system down time, total number of 
operating detectors and years of operation for each 
system would be useful in evaluating ASD performance. 
In addition, consistent and .......detailed reporting of 
instances where potential fires were caught in an 
incipient stage, how long it took operators from time of 
VEWFD system alert to reenergize the equipment, 
instances where flaming fires occurred and the 
associated time to suppress those fires that did occur 
would help support any future risk quantification effort.In 
the absence of plentiful data from U.S. NPPs, Exelon 
believes that it would be prudent to consider data from 
NASA and Telecommunications companies. Although 
the document mentions NASA and Telecommunications 
companies, it is not apparent that their experience was 
factored into these conclusions. 

See Comment #166 for resolution. See Comment #166 for document modification. 

220 Page 10-18, 
Lines 28-29 

256 Why does the one-cabinet case use the entry for "field 
operator in plant" (optimistically 3-10 min), while the 
remaining entries use that for "technician" (12-29 min)? 
For consistency, use "technician for all and assign 7-14 
min to the one-cabinet case. 

The HRA approach for the final report 
now uses the required time for the 
field operator (plus the time required 
for MCR dispatch of the field 
operator) for all cases.  This is based 
on revised and improved 
understanding of the field operator's 
training and role for fire suppression. 

The final report is revised from the draft report.  On this 
issue, all cabinet configurations use the same timing which 
is based on the time required for the field operator travel to 
the "alert" location plus the time required for the MCR 
operator dispatch of the field operator. 
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221 Page 10-19, 
lines 12-13, 

38 

257 9 min is on low end of range 7-14 min, so can be 5 min 
greater than time available, so feasibility is much more 
questionable. 

In the final report, inputs for time 
available are revised from the draft 
report and the total time required is 
the same for all cabinet configurations 
(and based on only the MCR operator 
and field operator response).  In turn, 
the feasibility assessment has been 
completely revised. 

The feasibility assessments in the final report are revised 
from that in the draft report. 

222 Page 10-20, 
line 37 

258 Not exclusively – the additional time for suppression for 
those fires that are NOT precluded as pre-fires by 
ultimately manifest into fires is still of some value. 
Suppression considerations apply ONLY to this latter  
Phase, not preclusion. 

Note: This comment applies to 
Section 10.5.3, 1st sentence, "to 
prevent a fire" - rather than the 
reference info provided in Column C.  
The comment was made on an earlier 
version of the report.  The text in the 
final report has been corrected to 
state that only fire suppression is 
addressed in the report; not fire 
prevention.  

The final version of the report has been corrected to state 
that only fire suppression strategies are addressed. 

223 Page 10-23, 
lines 1-2 

261 What is the HFE to which this HEP corresponds? Failure 
of the MCR operator to respond to the VEWFDS alert? 

As indicated by the section heading 
for this discussion, this HEP applies 
to the MCR operator response.  Yes, 
it includes failure to respond to the 
"alert," use ARPs, call the field 
operator and technician, and so on. 

No change 
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224 Page 10-32, 
line 43 

270 These need re-evaluation for the 7-14-min range in 
Table 10-1 vs. the 3-10-min range assumed. 

In the draft report, the total time 
required of 3-10 was used for single 
cabinet (or addressable cabinet) 
installations only.  In the final report, 
this time required is used for all 
cases.  Consequently, the 
quantification for the field operator 
response has been modified to 
represent this change in the HRA 
approach. 

The quantification of the field operator response has been 
modified in the final report. 

225 Page 12-10, 
line 25 

290 Though less optimistic (lower lambda) than the NSP for 
electrical cabinets, if the fire in the area is from electrical 
cabinets, why use “all fires” and not the electrical cabinet 
NSP? 

Agree with comment - electrical fire 
NSP curves are used. 

Now uses electrical fire NSP curve. 
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226 General   There has been some recent OE with the very early 
warning detection system at Harris in August of this 
year.  The event was presented at the NEI Fire 
Protection Forum by the Harris Safe Shutdown Program 
Manager. 
•         08/01/2015 19:52 – An alert was received for an 
in-cabinet zone in a risk significant room.  An auxiliary 
operator and I&C technician immediately responded to 
the area and were unable to identify any unusual 
conditions. 
•         08/01/2015 20:05 – The alert annunciator is clear. 
•         08/01/2015 23:08 – An alert was received for an 
in-cabinet zone in the room.  An auxiliary operator and 
I&C technician immediately responded to the area and 
were unable to identify any unusual conditions. 
•         08/01/2015 23:30 – ALB 30/4-1 IFD System Alert 
annunciator is clear. 
•         08/01/2015 23:34 – At this point, operations 
declares this detection Non-Functional due to multiple 
alerts and the fact that no local abnormal conditions 
detected on the I&C tech's Portable Sniffer.  Following 
procedure, a continuous incipient fire detection watch 
was staged and a work order was issued to further 
investigate and remedy the problem. 
The fix-it now (FIN) team’s subsequent investigation 
used thermal imaging  to show that a control switch on 
the panel (control power to the C SG PORV) was 
operating at an above normal temperature.  The 
component was immediately replaced.  The incipient 
detector was able to detect a failing component and give 
indication prior to any fire event occurring. 
Component replaced on 8/6 

Event description and NEI FPIF slides 
do not provide any information related 
to the time between incipient alarm 
and the time when a flaming fire 
would occur.  In addition, from the 
information provided it is unclear that 
this would have ever developed into a 
fire and a subjective disposition as to 
whether this would be considered a 
"potentially challenging fire or greater 
would have to be made.  From the 
review of the FEDB there are no 
events that are similar in nature that 
are classified as a risk-relevant fire.  
The IR photo indicates that this switch 
is likely enclosed in a metal or 
phnyloic enclosure and the cable 
connected to the switch is either 
armored or flexible metal conduit.  
There doesn't appear to be other 
combustible materials adjacent to this 
switch that could be ignited by this 
overheated component (~149degrees 
F).  With out additional information or 
a history of these types of failures 
contributing to the fire ignition 
frequency, the team believes that this 
event would have not entered the FIF.  
Regardless, there isn't any timing 
information available from this event 
to better inform the time available 
curve and as such, will not be used to 
update the NUREG. 

Site visit conducted in January 2016 to Shearon Harris and 
additional operating experience was collected.  HRA 
assumptions in Section 10 were changes, and details of 
information gained are provided in Appendix C.2. 
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227 General   Attachment 1 to this email provides a description of a 
study and the results using the guidance in the draft 
NUREG-2180 for in-cabinet incipient detection.  This 
email also provides a description of a study and results 
using the guidance in the draft NUREG-2180 for area 
wide incipient detection as Attachment 2.  Based on the 
results of these studies, and in light of the Harris plant 
OE in comment one and previously communicated OE, 
the draft NUREG-2180 is overly conservative (e.g. risk 
improvement is understated) relative to the risk reduction 
impact that the operation of incipient detection systems 
have on the plant.  

The information provided is useful 
evidence of an oversight in the 
development of the event tree for 
scenarios where an independent 
automatic detection and automatic 
suppression system is also providing 
protection of the hazard.  With regard 
to the OE, a direct assessment of a 
single event to the types of fires that 
fire PRA are characterizing is not 
appropriate.  For example, the Fire 
events database only captures a 
fraction of events that are 
characterized as fires (smoke, 
overheating, flaming fire).  Of those 
events in the FEDB specifically for 
Bin 15, only about 25% are 
characterized as potentially 
challenging or greater.  Thus to use a 
single event as a metric of a realistic 
snapshot of a risk-contribution is not 
appropriate. 

See Comment #228 for resolution of change to Event Tree. 

228 General   The draft NUREG-2180 event tree is overly conservative 
relative to the bypassed credit given to existing 
suppression and detection in the fire area.   This shows 
up on the  pi-3 branch.     

Event trees to credit existing 
independent automatic 
detection/suppression systems 

Event Tree modified 
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229 General   Sensitivity testing is used at the plant to verify that the 
system is operating as expected and meeting the NFPA 
76 standard for transport time (60 seconds) and 
obscuration level for alert (0.2% obs/ft.) and alarm (1.0% 
obs/ft.).  Transport time is tested at start-up and then 
retested annually to ensure that the transport time is 
always met.  The sensitivity is also tested and each 
sampling point within the zone at start-up and then 
retested annually to ensure that the obscuration levels 
are always met.  It should be noted that the cloud 
chamber technology being used at the Duke plants as 
been proven to meet and/or exceed the sensitivity 
requirements for alert and alarm though UL testing.   

This comment is not technically 
correct wrt sensitivity testing.  There 
is no commercially available devices 
that are listed or approved for the use 
of confirming smoke detector 
sensitivity settings.  Annex B of NFPA 
76 and vendor methods that use a 
heat gun with a polymer coated tip 
are not sensitivity tests, but 
functionality (performance) tests to 
ensure that that transport times are 
met and that the detectors are 
responding to the smoke / aerosols 
generated.  For these tests to be 
obscuration sensitivity tests, there 
would need to be some feedback to 
confirm the sensitivity of the chamber.  
Currently that authors are unaware of 
such methods.  The typical methods 
to test sensitivity are to send a device 
to perform sensitivity testing such as 
UL 268 or UL 217. 

None 

230 Section 2.2   A fire development profile is typically discussed in terms 
of "fire stages." These are commonly referred to as the 
"incipient," "growth," "steady-state," and "decay" stages 
as illustrated in Figure 2-1 (Ref. 5).  The figure reference 
should be Figure 2-2, not 2-1. 

Change to Figure 2-2 As proposed  
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231 Section 
3.1.1.3 

  Be consistent with how numbers are displayed in 
scientific form (i.e., E-6 or x10-6) within a paragraph 

Agreed. Changed to "x10-6" and searched document to replace 
other instances to be consistent. 

232 Section 
3.1.3 

  Part of the reasoning for using ASD technologies are 
employred in telecommuincation facilities, in part, as a 
result of difficulties in implementing conventional spot-
type smoke detection in environments with high air 
ventilation rates and numerous complex physical 
configurations. 
Consider rewording to: 
Part of the reasoning for using ASD technologies are 
employred in telecommuincation facilities, in part, as a 
result of difficulties in implementing conventional spot-
type smoke detection in environments with high air 
ventilation rates and numerous complex physical 
configurations. 

Agreed Changed as proposed. 

233 Section 4.4   Figure 4-15, IR Camera view port is not labeled in the 
figure. 

Agreed Label added 

234 Section 5   Tabels 5-5, 5-6, 5-7, 5-8, and 5-9 
Spacing in some cells look sodd (ex. It looks like there 
are 5 spaces between VEWFD and Pre-Alert), and 
cetnering of text is non consistent. Table 5-2 looks good 

Fix Spacing Changed as proposed. 

235 Section 5.2   There are large spaces between text and the associated 
figures, with the figures ending up on the next page.  
Perhaps cahnge the text to "Keep with next" to adjust 
the large spaces so that the text stays with the 
assocatied figure and makes it easier for the reader to 
observe the figures while reading the text. 

Addressed to the extent possible.  Tried to keep text with figures where possible in Section 5. 
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236 Section 5.4; 
p. 5-27 

  The decreasing 11 mean time difference trend was 
ASD2 alert, ASD3 alert, SS alert, and ION alarm." 
Missing a comma.  In general there were a decent 
number of times that commas were missing from lists, or 
an extra "and" was included.  It made it somewhat 
confusing to read in a few places. 

  comma added 

237 Section 5.5, 
p. 5-31; line 

13 

  "The decreasing mean time differenece trend was ASD4 
alert, 13 ASD5 alert and SS alert (tie), ION alarm and 
PHOTO alarm." 
Missing a comma, Also PHOTO alarms does not seem 
to be in any of the results for this section. Perhaps a 
typo. 

PHOTO detector was not used for in-
cabinet applications. 

comma added, PHOTO deleted 

238 Section 5.8, 
p. 5-41 

  Figure 5-44, Hard to read figure caption. Suggest 
making page landscape, or rotating the caption text to 
read left to right. 

This is our publication standard 
method to present on landscape 
orientations. 

No Change 

239 Section 6.4, 
Page 6-8 

  The last event "Conventional Detection/Suppression" 
estimates the probability of successfullly suppressing a 
fire given a failure of one of the earlier events.  To 
estiamte the success of these branches, timing 
considerations such as operator or fire brigade 
response, and time to target damage be estimated, and 
the suppression / detection event tree from NUREG/CR-
6850 (EPRI 1011989) can be solved. 
 
There are multiple eta values shown in the fire event tree 
with no clarifcaiton on what they mean.  Suggest adding 
a reference to section 11.2 where these values are 
defined. 

  Added references to individual sections where ET top hat 
event is quantified and discussed. 
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240 Figure 6-5 202 eta 3 for when the VEWFD is successful, but later steps 
(MCR response) do not succeed is not clear and doesn't 
seem to align with the later definition poated in Section 
11.2.  eta 3 is defined in section 11.2 as delayed 
detection.  This should still be an early detection credit 
for purposes of calculating manual suppression 
capability.  The value used is not in sequence for both 
Figures 6-4 and 6-5, so maybe this is a typo. consider 
clarifying, 

Eta 3 has been changed to eta 4 to 
address comment #227 and 228 

See Comments #227 & #228 for document modification. 

241 Section 
8.1.2, p. 8-4 

218 "With the lack of available information and the 
importance of understanding the duration of an incient 
stage, conducting a formal expert elicitation type effort to 
develop a consensus opinion would be one approach.  
Unfortunately, the efficacy for such an effort was not 
realised until late in this project, and as such the needed 
resources, budget and time were not available to 
conduct such an effort.  Thus, in an attempt to estimate 
the information needed, a detailed evaluation of the fire 
events database was conducted" 
 
The information provided on the evaluation of the fire 
events database in Section 8 and Appendix D does not 
make it clear whether or not the events reviewed are 
applicable to the new FIFs and NSPs issued in NUREG-
2169 [EPRI 3002002936].  If the events reviewed for 
NUREG-2180 are not applicable with NUREG-21269, 
considering reviewing applicable fire events. 

Added sentence to clarify Added sentence to clarify. 
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242 Appendix D; 
(Table D-1) 

351 Reviewer 1 and 2 do not always agree, however 
discussion on how this was incorporated is not included. 
Consider discussing to identify the result when reviewer 
1 and reviewer 2 may have disagreed. 

A discussion on the use of the data 
where the two reviewers differ is 
discussed in Section 7.1 on Page 7-3, 
starting on line 15 of the draft report.  
However, additional clarification will 
be added to the process followed to 
clarify the level of effort involved in 
this process. 

Clarification added to Section 7.1 

243 Table 7-1 205 The guidance on when to use which category for 
Fraction of fire that have an incipient phase is not clear. 
Please consider clarifying this. 

Paragraph added to provide 
background and clarification on the 
use of the two bins. 

As proposed  

244 Table 7-2   Table 7-2 is currently in the middle of the unreliability 
soure discussion.  Sugget moving this table to the end of 
Seciton 7.2.2. 

Table moved to end of sub-section Changed as proposed. 

245 Table 7-2   There is no reference to Table 7-2 in the report.  
Suggest adding a sentence discussing the inforatiion 
contained in Table 7-2. 

Add reference to table 7-2 reference added 

246 Section 9.3 238 "Area-wide applications were not specifically addressed 
in the HF analysis.  However, based on discussions with 
plant personnel, it is expected that thte personnel 
response to an area-wide incipient alart and alarm will 
be the fundamentally the same as for in-cabinet 
applications.  The only difference is the FO and 
technician will be sent to a room rather than a bank of 
cabinets after receipt of an "alert."  The technician will 
need to locate the incipient fire source within that room.  
The alrger area that must be surveyed should be 
accounted for in the timing analyis. 
There is limited guidance on how to account for the 

See Comment #44 for resolution. See Comment #44 for document modification. 
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larger area in the analysis.  This was also a point of 
contention from at least one utility during the LAR audit. 

247 Section 
10.5.2 

(Table 10-1) 

256 Footnote 32 says "…the field operator's field of vision 
can encompass three cabinets in essentially the same 
way as for a single cabinet."Therefore, why does 3 
cabinets timing add 5 minutes more than a single 
cabinet?  And if 5 minutes, then this should be to the 
field operator and not the technician.  So it would be 8-
15 minutes, not 12-19.Later when this information is 
referenced in section 10.5.2 the success criteria for 3 
cabinets does not agree with Table 10-1 notes. 

The HRA approach in the final report 
does not reply on this discussion.  In 
particular, the values for the total time 
required are different in the final 
report. 

The final report revisions have eliminated this concern. 



COMMENT TRACKING SHEET 
Document ID:  NUREG-2180   Revision #: Draft  

Document Title:  
Determining the Effectiveness, Limitations, and Operator Response for Very Early 
Warning Fire Detection Systems in Nuclear Facilities 

 

Date: June 2015 

 

 

114 
 

# 
Document 
Page / 
Figure 

PDF 
page 
# 

Comment Proposed Resolution Document Modification 

248 Section 9.3 238 The way in which an ASD VEWFD system is 
implemented (e.g., planned response, system design, 
application determines how humans will interac with the 
system and, ultimately, may affect whether prevention or 
propmt suppression is achieved. 
According to Appendix P of NUREG/CR6850, "Prompt 
suppression refers specificlaly to suppression actions by 
a fire watch, and can be credited following prompt 
detection in hot work fire scenarios only." 
This is the first time this term is used in this document.  It 
may be worth defing what this means in the context of 
this report to clarify that the context is the same or 
different from other documents such as 6850 since 6850 
defines this specifically for hot work fires.  This might be 
important for crediting these systems in fire modeling 
and FPRA.  Alternaitvely, it could be added as a term in 
section 15. 

See Comment #51 for resolution. See Comment #51 for document modification. 

249 Figure 9-1 
and 9-2, 
Section 
9.2.1.1 

229 Variations in system implementation and response 
operations that were observed during the information-
gathering stage are noted by superscript letters in the 
figures and addressed further in Section 9.2.1.1. 
The figures identified the superscripts by letter, but it 
appears the list in 9.2.1.1 is a bullet list. 
It may be more clear to list which suberscript a section is 
referrign to especially if you are looking back and forth 
from teh figure to the descriptions that follow. 

bullets in section 9.2.1.1 should have 
been alpha-numeric 

changed bullets to alpha-numeric 

250 9.2.2.1.1 229 successful prevention or rapid suppression 
Unclear if rapid and prompt are synonymous here.  
Suggest consistency in the language for clarity, unless 
these are different terms, in which case the difference 
should be identified. 

Section 9.2.2.1.1 discusses "Keys" 
and nothing related to successful 
prevention or rapid suppression 

None 
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251 Figure 12-2 
and 12-3 

  Suggest using the scientific nubmer format similar to 
Figure 12-1, 12-4, 12-6 

scientific changed to scientific 

252 Section 
12.1.4 

289 In this example, various room smoke detection systems 
are evaluated for their ability to enhance the suppression 
capability for a potential fire hazard located in a mix of 
power and control cabinets all. 
 
Suggest removing the word "all" at the end of the 
sentence.  This seems out of place. 

remove all Removed "all" 

 


