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March 28, 2017

NRC Fire Probabilistic Risk Assessment (PRA) 

Frequently Asked Questions (FAQ)

Public Meeting

Phone: 1 (415) 930-5321, Participant Passcode 573-975-361#

		





		12:30PM                  

		· Introductions 



		

		· Purpose





		





		· Discussion of Frequently Asked Questions (NRC/NEI)



· FAQ 16-0011-  

Cable Tray Ignition



· FAQ 16-0010-  

Alternative Methodology to NUREG/CR-6850 for Maintaining FPRA Ignition Frequencies Weighting Factors



· FAQ  17-0012- 

Incipient Detection for Fire Prevention and Suppression



· FAQ 17-0013-  

High Energy Arcing Fault (HEAF) Non-Suppression Probability (NSP)





		2:20PM                  

		· [bookmark: _GoBack]Public comments (All)





		2:30PM               

		· Meeting Adjourned
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Purpose of FAQ:

This FAQ supplements guidance in NUREG-2180 to provide more realistic treatment of a Very Early Warning Fire Detection Systems (VEWFDS), also called incipient detection, for fire prevention and targeted/enhanced suppression.  Fire prevention comprises actions taken to preclude the first occurrence of flame, while targeted/enhanced suppression comprises actions taken after the first occurrence of flame and before fire growth to limit fire damage to the initiating component or cabinet.

For Bin 15 (Electrical Cabinets) fires, guidance is provided for both in-cabinet and area-wide applications.  For Bin 4 (Main Control Board) fires, guidance is only provided for in-cabinet applications.

In support of this FAQ, an incipient review of the FEDB is enclosed. 

Is this Interpretation of guidance? 	Yes / No



Proposed new guidance not in NEI 04-02? Yes / No



Details:

NRC document needing interpretation (include document number and title, section, paragraph, and line numbers as applicable):

Section 6.1.1 of NUREG-2180 concerns the modification, as illustrated by Figure 6-6, of the suppression event trees presented in Section 6.4 to support a suppression strategy.  Section 10.6.4 is described as providing the human failure event quantification items for a prevention strategy that should be considered when performing the detailed human reliability analysis (Section 10).

Circumstances requiring interpretation of guidance or new guidance:

In modifying the non-suppression event trees shown in Figure 6-4 and Figure 6-5 to incorporate the prevention strategy shown in Figure 6-6, the MCR response for an incipient ALERT and an incipient ALARM are combined, although these are different cues to activate different responders.  Consequently, the prevention strategy, which is actually a suppression strategy, likewise combines these different responders.    

Detail contentious points if licensee and NRC have not reached consensus on the facts and circumstances:

Properly crediting a fire prevention strategy is difficult because the more aggressively it is pursued the less evidence there is of success.  For example, a fire prevented is not counted as a fire event, in the typical sense.  Also, the more quickly a fire is prevented during the incipient phase the less is actually known about the real duration of the incipient phase.  However, the risk avoidance associated with a successful fire prevention strategy is considered significant.  So, while we don't want to over-credit something that is really unknowable, we also don't want to accept assumptions or techniques that discourage a fire prevention strategy. 

Potentially relevant existing FAQ numbers:

FAQ 08-0046, "Incipient Fire Detection Systems" (retired 7-1-2016, ML16167A444)

FAQ 08-0050, "Manual Non-Suppression Probability"

Response Section:

Proposed resolution of FAQ and the basis for the proposal:

For fire prevention and suppression crediting incipient detection, a common event tree (Figure 1) for both in-cabinet and area-wide applications is proposed based on the event trees in Figures 6-4, 6-5, and 6-6 of NUREG2180.  The proposed event tree separates the incipient ALERT and incipient ALARM, including the associated responses, and distinguishes the prevention event from the targeted suppression event.  Targeted suppression is limited to the initiating component and does not assume, as was done in NUREG-2180, that "…suppression activities regardless of form damage the ability of components within a cabinet to perform their intended design function."  For the prevention event, parameter estimates are based on available operating experience. 

In describing the proposed event tree, repetition of applicable information already provided in NUREG-2180 is minimized.

Fire Initiating Event (λ):  The initiating event is a potentially challenging or greater fire involving a specific component or compartment of the plant.  However, because the proposed event tree includes end states other than "Cabinet Damage" or "Fire Damage Outside Cabinet," the Severity Factor should be combined later in the tree with the event associated with damage outside the cabinet.  Although focused on Bin 15 ignition sources, NUREG-2180 noted that operating experience has demonstrated that use of VEWFD system is applicable to other types of components.

Detection System Unavailability and Unreliability (β):  As described in Section 7.2 of NUREG2180, this event represents the combined unavailability and unreliability for the VEWFD system and, for the air return application, the ventilation system.  

Fraction of Fires Without an Incipient Phase Detectable by System (α):  As described in Section 7.1 of NUREG-2180, this event represents the fraction of fires that have an incipient stage less than a nominal minimum threshold.  The nominal minimum threshold provides a "sufficient duration" for detector response, which was observed during the test to be half of the test duration, and for maximum operator response time.

NUREG-2180 proposed a nominal minimum threshold of 30 minutes, but that often resulted in insufficient time for feasible operator response, making the detailed HRA more complicated and overly burdensome.  Instead, a minimum threshold of at least 1 hour is proposed.  This provides 30 minutes for detector response and 30 minutes for operator response.  This resulted in the elimination of one event (EPRI FEDB #161) from consideration as an incipient event for the power cabinets.  With an assumed incipient duration of 30 minutes, the inclusion of that event was already questionable. Extending the nominal minimum threshold to at least 1 hour did not have a greater impact because demand failures tend to be prompt whereas degradation tends to occur more slowly over time.  As noted in Section 7.1 of NUREG2180, the identification of events with an incipient phase needs to consider the failure mechanism to make an informed decision.  As a result, Table 7-1 of NUREG2180 is changed to:

		Category

		Incipient Stage Detectable by VEWFD System

		Total Number of Events

		Fraction (alpha)

Mean [lower/upper]



		

		Yes

		No

		Undetermined

		

		



		Power Cabinets

		15.5

		17

		22.5

		55

		0.50

[0.40 / 0.60]



		Low Voltage Control Cabinets

		6

		2

		5

		13

		0.28

[0.08 / 0.54]





NOTE:	Ideally, the product of λ and α would represent the likelihood of a potentially challenging or greater fire where incipient detection was credited.  However, operating experience shows there has been no fire where incipient detection was credited.  Efforts are currently underway to collect more specific operating experience with the intent to modify either λ or α to be more realistic for incipient applications.  Until then, this approach is recognized as an unavoidable conservatism.

System Incipient Detection Ineffectiveness (τ):  As described in Section 7.2.3 of NUREG2180, this parameter represents the ineffectiveness of the incipient system to perform given the anticipated operational scenarios.  

Unsuccessful MCR Operator Response to Incipient ALERT (μ1):  The MCR Operator must dispatch both the I&C Technician and the Field Operator to the correct location upon receipt of an incipient ALERT for the VEWFD system.  Upon arrival at the correct location, the Field Operator is expected to remain there until either the incipient ALERT clears or, if the event progresses to an actual fire, the fire is suppressed.  Unless the incipient ALERT clears, the I&C Technician is expected to pursue the identification of the degraded component and the associated fire prevention strategy.  After identifying the degraded component, the I&C Technician may be required to change location while the incipient ALERT is active to obtain more information in support of the fire prevention strategy.  Where NUREG-2180 included the dispatch of the Fire Brigade upon receipt of an incipient ALARM, that event is defined separately for the proposed event tree as "μ2".  This separation does not improve the associated HEP for "μ1" which is at the floor of 1E-4, for all types of VEWFD systems.

Unsuccessful Fire Prevention at Incipient ALERT (δ1):  This event represents fire prevention at the incipient ALERT phase and is a simpler alternative to the "ξde-ss" event in Section 10.6.4 of NUREG2180.  However, this parameter is estimated from operating experience using a Jeffery's non-informed approach assuming a binomial data set (i.e., the event progresses from the incipient phase to fire, or it does not).  The resulting posterior beta distribution has parameters "α" and "β" as:

α = (number of events that progress to fire) + 0.5	= 0 + 0.5	= 0.5

β = (number of events) - (number of events that progress to fire) + 0.5	= 4 - 0 + 0.5	= 4.5

δ1 = α / (α + β)	= 0.5/(0.5 + 4.5)	= 0.1

This approach is not intended to be applied to an event that does not satisfy the nominal minimum threshold for "sufficient duration" of 60 minutes.  

While success with the fire prevention strategy requires the same training, procedures, and dedication to finding and fixing the cause of the problem on which the HRA is based, this performance based approach to estimating the effect is not as dependent on some of the variations in HRA inputs.  For example, this approach can quantify success even if there is no detailed pre-planned, pre-decided de-energization strategy, that is documented in procedures and involving pre-staged jumpers and only 1 to 3 simple and quick steps that can be completed in 1 to 2 minutes and that are memorized, skill-of-the-craft, or posted at the incipient "ALERT" location.  Under these prohibitively restrictive assumptions, NUREG-2180 developed illustrative HRAs for certain situations based on a Cloud Chamber detector.  

Although the HEP proposed for "δ1" does not provide as much credit as most of those developed in NUREG-2180, it would be more widely applicable.  Also, the approach used to estimate the HEP proposed for "δ1" can be used for area-wide applications, except the operating experience includes no event where area-wide incipient detection was credited.  

In lieu of events where area-wide incipient detection was credited, the operating experience does include two events where in-cabinet incipient detection performed in a "pseudo area-wide" capacity beyond its intended function to provide useful insights about incipient conditions in nearby cabinets.  These events are identified as the "2013 event" and the "2014 event" in Appendix D of NUREG-2180.  With regard to factors that could influence this parameter, incipient detectors were installed in multiple cabinets in a large room with more than a dozen other cabinets (see Figure 2).  For the 2013 event, the I&C Technician was dispatched 8 minutes after the event started and was able to identify the cause and report to the MCR 13 minutes later.  The cause of the 2014 event was similar to the 2013 event and was likewise identified relatively early in the event, in part due to the 2013 operating experience, which was considered during the 2014 event.  Properly designed, installed, and maintained area-wide VEWFD systems would be expected to perform at least as well as these "pseudo area-wide" incipient detectors.

Although actions to isolate the degraded equipment were underway at the time of the each event, in neither case was the 1 to 2 hours provided by incipient detection sufficient for success of the prevention strategy.  This is attributed to two factors.  First, both events involved power panels and progressed more quickly than the events in the control panels.  Second, because the incipient detectors were performing beyond their intended function, there was no plan to use them in this fashion. So while the previously developed HEP for "δ1" is also considered appropriate for a proper area-wide application for control panels, the available operating experience would suggest a more appropriate HEP for an area-wide application for power panels to require the use of a weighting factor (0.5) for whether the actions would have been successful had an appropriate plan existed at that time.  The HEP is estimated to be:

α = (number of events that progress to fire) + 0.5	= 2*0.5 + 0.5	= 1.5

β = (number of events) - (number of events that progress to fire) + 0.5	= 2 - 2*0.5 + 0.5	= 1.5

δ1 = α / (α + β)	= 1.5/(1.5 + 0.5)	= 0.75

Use of this HEP would require a pre-planned response.  But, to avoid unnecessary perturbations to the plant, that response should be based on the receipt of the incipient ALARM which followed 10 minutes and 2 minutes after the incipient ALERT, for the 2013 event and the 2014 event, respectively.

Better estimates of this parameter are expected with more operating experience.  Alternately, a plant-specific, detailed HRA may be developed for the "ξde-ss" event as described in Section 10.6.4 of NUREG2180.  

Unsuccessful MCR Operator Response to Incipient ALARM (μ2):  The MCR Operator must dispatch the I&C Technician (if not previously dispatched for the incipient ALERT) and the Fire Brigade to the correct location upon receipt of an incipient ALARM for the VEWFD system.  Upon arrival at the correct location, the Fire Brigade is expected to lead any fire fighting activities, taking over for the Field Operator (if previously dispatched for the incipient ALERT) and to remain there until either the incipient ALARM clears or, if the event progresses to an actual fire, the fire is suppressed.  If the incipient ALARM clears but the incipient ALERT remains active, the Field Operator is expected to resume the previous duties.  This event was separated from "μ1" because the cue is different, the timing is different, and some responders are different.  

To obtain the lambda for the time available after the incipient ALARM, the operating experience from the only two events actually having an incipient ALARM (i.e., the 2013 event and the 2014 event) was combined with the information in Table D-2 of NUREG-2180.  From these two known events, a delta time (between incipient ALERT and incipient ALARM) was apportioned for the other events based on the estimated time available from the incipient ALERT listed in Table D-2.  For the 4.75 hours surrogate of the 2015 event (which actually exhibited an incipient phase of 90 hours without an incipient ALARM), a surrogate delta time of 0.75 hours was used.  The results are listed in Table 1. 

The lambda for incipient ALARM was less than the lambda for incipient ALERT, indicating more time available than previously credited.  But for incipient events of relatively short duration, there could be some overlap in the timing with "μ1".  To account for this potential dependency, the recovery credit in "μ1" was removed to obtain an associated HEP for "μ2" of 1E-3.

This event is also applicable to fires that do not provide sufficient time for an effective response to an incipient ALERT but where it would be appropriate to credit prompt detection for a successful MCR Operator response to an incipient ALARM.  In such cases, the associated HEP for "μ2" remains 1E-3.

Unsuccessful Fire Prevention at Incipient ALARM (δ2):  This event represents fire prevention at the incipient ALARM phase and, like the previously developed "δ1" event, is a simpler alternative to the "ξde-ss" event in Section 10.6.4 of NUREG2180.  This event only applies for sequences where the MCR Operator failed to respond to the incipient ALERT because the I&C Technician would already be engaged in the fire prevention strategy otherwise.  Based on the relatively small delta times between incipient ALERT and incipient ALARM as listed in Table 1 when compared to the duration of the incipient phase, the HEP for "δ2" is the same as previously determined for "δ1".

Alternately, a plant-specific, detailed HRA may be developed for the "ξde-ss" event as described in Section 10.6.4 of NUREG2180.  

Targeted Suppression (ξ):  This event represents fire suppression at the individual component level based on a statistical model of non-suppression probability for a zero-length fire in a control cabinet.   This suppression approach is similar to a special application of the Appendix L treatment of fires on the Main Control Board.  To credit targeted suppression, the suppression agent must not impair the ability of other components within the cabinet to perform their intended design function.  

Two variations of this parameter were considered:  the failure of the Field Operator following success of the MCR Operator Response to Incipient ALERT "μ1", and the failure of the Fire Brigade following success of the MCR Operator Response to Incipient ALARM "μ2".   With respect to suppressing a small fire at the component level, the Field Operator and the Fire Brigade were considered equally capable.  The statistical model was developed for Fire Brigade response times and would be conservative for the Field Operator.  It is important to note that both the incipient ALERT and the incipient ALARM would be received in advance of an actual fire, but no targeted suppression would be attempted before the observation of actual fire. 

The development of the statistical model did not require the identification of the degraded component, and its use would be conservative with even partial success of the I&C Technician.  From Table 10-4 of NUREG-2180, the time required for the I&C Technician to identify the degraded component is estimated to be between 8 and 30 minutes after successful MCR response.  Since the fraction of events that would progress from incipient ALERT to fire in less than 30 minutes was already addressed by "α", the pre-fire observation of the specific component would be very likely.  In addition, the I&C Technician will have identified the cabinet containing the degraded component much sooner, providing an opportunity to limit the scope of pre-fire observations.  

[bookmark: _GoBack]Figure 3 provides the HEP based on a statistical model of non-suppression probability for a zero-length fire in a control cabinet. 

For a power cabinet, targeted suppression is not considered feasible (i.e., ξ = 1.0).   

Enhanced Suppression (π):  This event represents fire suppression prior to damage outside the cabinet, where targeted suppression at the component level has failed.  Unlike targeted suppression, enhanced suppression does not require the suppression agent to not impair the ability of components within the cabinet to perform their intended design function.

Like targeted suppression, two variations of this parameter were considered:  the failure of the Field Operator following success of the MCR Operator Response to Incipient ALERT "μ1", and the failure of the Fire Brigade following success of the MCR Operator Response to Incipient ALARM "μ2".  Consequently, both variations include arrival at the correct location prior to an actual fire, but neither variation requires the successful identification of the degraded component by the I&C Technician.  

With respect to suppressing a growing fire prior to damaging targets outside the cabinet, the Field Operator and the Fire Brigade were not considered equivalent.  While the Field Operator is a trained responder, the Fire Brigade arrives with a team of additional resources, equipment, organizational support, and capabilities to address any postulated fire.  The performance of the Field Operator is appropriately described for both in-cabinet events "π1" and area-wide events "π2" in Section 11.1 of NUREG-2180.  However, the performance of the Fire Brigade (π'), regardless of an in-cabinet or area-wide VEWFD system, should use the MCR curve. 

Conventional Detection / Suppression (ƞ):  This event represents the conventional fire suppression probability, as described in Section 11.2 of NUREG-2180, with two recommended changes.

First, more realistic treatment of the incipient stage is recommended when crediting incipient detection for prompt detection in "ƞ2", where the issue is whether the fire can be suppressed before damaging targets outside the cabinet.  Most fires that have a growth profile are also expected to exhibit a detectable incipient stage, even when the duration of that incipient stage is less than the 1 hour necessary for an effective prevention response.  Simply assuming the time to detection at ignition would often be overly conservative and is inconsistent with a general observation from NUREG-2180 that incipient detector response typically occurred half-way through the tests that ended in cable damage conditions.  

For fires described by the "α" branch in Figure 1, the general observation from NUREG-2180 suggests that the incipient ALARM can be expected to occur between 0 and 30 minutes prior to reaching cable damage conditions.  However, incipient detection is selectively applied and all of the fires described by the "α" branch in Figure 1 would not be considered to be good candidates.  For systems installed consistent with the guidance in Section P.1.3 of NUREG/CR-6850, a good candidate would be expected to provide 5 minutes of additional warning between the incipient ALARM and ignition.  That time between incipient ALARM and ignition could be credited as additional time to target damage or equivalently as additional time available for suppression.  The operating experience from the 87 (and counting) detector-years listed in Table 7-3 of NUREG-2180 for U.S. NPPs supports the use of 5 minutes as reasonably realistic yet conservative.  Individual plants could use a different number with additional justification.  

Second, inclusion of the Fire Brigade in conventional suppression for "ƞ3" is recommended when enhanced suppression "π" is provided by the Field Operator.    No additional credit is provided for manual suppression when the Fire Brigade is credited for enhanced suppression.   The change became necessary when the responses of the Field Operator and the Fire Brigade were separated.  In Figure 1, the prime mark (') indicates when the Fire Brigade is credited either for enhanced suppression or conventional suppression.   



If appropriate, provide proposed rewording of guidance for inclusion in the next Revision:
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Figure 1
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Figure 2

August 2013 Fire on 6.9kV/480V Transformer for Aux Bus 1E2 in Switchgear Room B
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23:30: MCR received TROUBLE annunciator for 6.9kV and 480V Aux Bus E2

23:34: Local operators reported acrid smell

23:38: MCR received Zone 3 ALERT and dispatched I&C Tech

23:42: MCR received Zone 3 ALERT and Zone 1 ALERT

23:44: Local operator reported ground fault indications on Aux Bus 1E2

23:48: MCR received Zone 3 ALARM and Zone 1 ALERT and dispatched Fire Brigade

23:49: MCR received Zone 3 ALARM, Zone 2 ALERT, and Zone 1 ALERT

23:51: I&C Tech identified cause as 6.9kV Aux Bus 1E2 resistor banks

23:58: Local operator reported 1E2 resistor bank glowing bright red

00:23: Operations began isolation of 1E2 loads

02:20: MCR received multiple annunciators Aux Bus 1E2 had tripped

02:20: MCR received ionization fire alarm

01:16: Unsuccessful attempt to reset bus 1E2 ground fault transfer neutral relay

23:30

23:45

24:00

00:15

00:30

00:45

01:00

01:15

02:15

01:30

01:45

02:00

Aug 7

Aug 8

Timeline



Figure 3

Statistical Zero-Length Non-Suppression Probability 







		CONFIGURATION

		THERMOPLASTIC

		THERMOSET



		[Standard N2178 Case]

		d (m)

		W (ft)

		H (ft)

		t.det

		λ

		Tdam (C)

		α

		β

		SF*NSP

		Tdam (C)

		α

		β

		SF*NSP



		(2178 Class 4a Lg, closed, W=60ft) - 0 m distance

		0

		60

		10

		0

		0.324

		205

		0.52

		145

		3.942E-03

		330

		0.23

		223

		9.557E-04



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		[Modified Panel Size]

		d (m)

		W (ft)

		H (ft)

		t.det

		λ

		Tdam (C)

		α

		β

		SF*NSP

		Tdam (C)

		α

		β

		SF*NSP



		(2178 Class 4a Lg, closed, W=3ft) - 0 m distance

		0

		3

		7

		0

		0.324

		205

		0.52

		145

		9.700E-02

		330

		0.23

		223

		2.600E-02



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		[Modified Panel Size & λ]

		d (m)

		W (ft)

		H (ft)

		t.det

		λ

		Tdam (C)

		α

		β

		SF*NSP

		Tdam (C)

		α

		β

		SF*NSP



		(2178 Class 4a Lg, closed, W=3ft) - 0 m distance

		0

		3

		7

		0

		0.098

		205

		0.52

		145

		2.380E-01

		330

		0.23

		223

		6.900E-02





		FAQ Number

		17-001

		FAQ Revision

		0d



		FAQ Title

		Incipient Detection for Fire Prevention and Suppression












Table 1

Lambda For Time Available After Incipient ALARM

		Table D-2 Supplement

		Incipient Phase (hrs)

		Delta Time (hrs)

		ASD CC

		ASD LS-SS

		ION

		PHOTO



		

		

		

		ALERT

		ALARM

		ALERT

		ALARM

		ALERT

		ALARM

		ALERT

		ALARM



		EPRI FEDB 161

		0.5

		

		0.26

		

		0.13

		

		0.17

		

		0.04

		



		EPRI FEDB 50836

		0.9

		

		0.47

		

		0.23

		

		0.31

		

		0.07

		



		SNZ z-machine

		0.98

		

		0.51

		

		0.26

		

		0.33

		

		0.08

		



		2014 Event

		

		0.03

		1.12

		1.09

		0.56

		0.54

		0.73

		0.71

		0.17

		0.16



		2013 Event

		

		0.17

		2.75

		2.58

		1.38

		1.30

		1.80

		1.69

		0.42

		0.39



		EPRI FEDB 10647

		7

		0.58

		3.64

		3.06

		1.82

		1.53

		2.38

		2.00

		0.56

		0.47



		2015 Event

		

		0.75

		4.75

		4.00

		2.38

		2.00

		3.11

		2.62

		0.73

		0.61



		Lambda (2180)

		

		

		0.518

		

		1.036

		

		0.793

		

		3.382

		



		Lambda

		

		

		0.326

		0.373

		0.651

		0.745

		0.499

		0.570

		2.128

		2.432





* shaded information copied from Table D-2 of NUREG-2180
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EPRI’s updated fire events database (EPRI 1025284) was published in July 2013. Subsequent to publication, the FEDB was used to update fire ignition frequencies and manual non-suppression probabilities. That effort was published in late 2014 under EPRI 3002002936 and NUREG-2169. While the historical application of the FEDB was to provide data for both fire frequency and manual fire-fighting, it was also recognized that the FEDB could also provide valuable data in fire behavior and other attributes that could be meaningful to develop realistic fire PRA methods and data. This effort is ongoing and the FEDB is currently being used to develop more meaningful methods for electrical cabinet and transient fire sources. 

The FEDB was used in NUREG-2180 to identify potentially challenging or greater fires that exhibit incipient behavior. The event tree approach proposed in NUREG-2180 considers the percentage of fires that exhibit an incipient phase lasting at least 30 minutes from the FEDB as an input to quantification. While the relative experience in responding to and mitigating potential fire events with very early warning fire detection is relatively new in nuclear power plant fire protection programs, there is some cursory experience that can be drawn from a review of a.) Fire events with incipient behavior and b.) Fire events in control cabinets. While the experience is not specific to the response of VEWFD systems, the review focused on events that would be most similar. Fire events with noted fire precursors (smoke smell, etc.) were studied to understand the extent of damage and suppression strategy with the notion that incipient experience would also allow for catching the fire in the early stage of development. Fire events in control cabinets were studied as this is the most common industry application and these fires tend to have lower ignition source potential and thus are more likely to be picked up in a smoldering or low energy fire phase. 

An insight from the industry pilot of NUREG-2180 noted that the time to damage of secondary targets is the most critical parameter. The time to damage is calculated using a t-squared growth from time zero up to peak heat release rates in twelve minutes. The non-suppression probability is calculated based on the time to target damage from industry data on manual response to actual fire events. The review focused on the most relevant electrical cabinet fire events to determine if secondary targets were impacted and the timing. 

Review of fires with incipient behavior

Fire events with incipient behavior (as noted in Appendix D of NUREG-2180) were reviewed to extract insights in the extent of damage and suppression strategy. 

		Fire ID

		Cabinet Type

		FEDB Insights

		Fire Duration (minutes)

		Extent of Damage

		Suppression Strategy



		69

		Control Cabinet

		Fire location is in the switchyard. Cause of fire is breakdown of insulation in control cable. Insulation breakdown is believed to be the result of accumulated effects of 25 years of deterioration due to water intrusion, the contact with the resistor and intermittent heat generated by the resistor resulting in fire damage cables in control cabinet.

		10 (Estimated)

		Unknown, but appears to be confined to control cabinet.

		Unknown



		83.1

		Power

		Smoke was discovered in the back boards area of the control room by a security officer (other utility personnel) who was performing an hourly fire watch tour. Smoke was emanating from the Emergency Lighting Uninterruptible Power Supply and the Essential Lighting Distribution Panel. Fire went out by removing power to the cabinets.  

		2 (Estimated)

		Confined to object of origin (localized / single subcomponent)

		Power supply removed (simple manual action)



		83.2

		Power

		Following event 83.1, AO was surveying duty area and found smoke and fire in Train B DC equipment room. Fire was contained to essential lighting isolation transformer. Fire extinguished by removing power and applying carbon dioxide by AO and fire brigade.

		2 (Estimated)

		Confined to object of origin (localized / single subcomponent)

		Power supply removed (simple manual action) and 2 portable extinguishers.



		89

		MCC

		Inspection of MCC concluded that damage was isolated to the control transformer and associated circuitry in cubicle of origin. 

		10 (Known)

		Confined to object of origin

		Power supply removed (simple manual action)



		161

		MCC

		Strong odor detected in cable vault area. Determined to be from smoldering breaker. At time of discovery operations and fire brigade members were assisting in locating the source of the hot smell. When the source was found the fire was immediately extinguished. Breaker was turned off locally and a CO2 extinguisher was used on the internals of the breaker.

		46 (Estimated)

		Confined to object of origin

		Single portable fire extinguisher



		211

		MCC

		Little information. Noted as transformer failures. Fire extinguished by de-energizing transformer.

		2 (Estimated)

		Confined to object of origin

		Power supply removed (simple manual action)



		219

		MCC

		Little information. Noted as insulation failure of transformer. Fire extinguished by de-energizing breaker.

		10 (Estimated)

		Confined to object of origin

		Power supply removed (simple manual action)



		303

		Control Cabinet

		Fire in plant heating boiler control cabinet, initially reported by off-going shift operations noticing burning smell. Fire due to electrical short resulting in burning electrical insulation and paint on cabinet. 

		2 (Estimated)

		Confined to object of origin (broad/extensive damage)

		Multiple portable fire extinguishers



		517

		UPS

		Fire in inverter. Inverter was de-energized to support fire suppression.

		20 (Known)

		Confined to object of origin

		Power supply removed and multiple portable fire extinguishers and water.



		10338

		MCC

		At the time of the failure, the breaker was closed, the cabinet door was cracked open and one person was observing the motor starter relay to determine the time at which it actuated, so that current and transients could be measured by an inductive pickup installed on the pump motor power cable. When the pump start switch was actuated on the main control board, the breaker failed catastrophically. Electrical flash, fire, smoke, molten metal, metal fumes, metal parts, and plastic parts were produced.  Subsequent to extinguishing the fire, the status of the motor control center was thought to be de-energized, but was actually still energized.  Live line supply leads had been blown off the breaker terminals and were hanging outside the cubicle doorway.  The breaker assembly (‘bucket‘) was pulled outward to disconnect it from the electrical bus while the bus was unknowingly still powered.  

		Unknown

		Confined to object of origin (localized / single subcomponent)

		Power supply removed (simple manual action) & single portable extinguisher



		20268

		MCC

		No information other than CPT overheated.

		Unknown

		Unknown

		Unknown



		20270

		MCC

		No additional information.

		2 (Estimated)

		Unknown

		Unknown



		20275

		MCC

		A control transformer burned up causing the diesel generator lube oil heater motor control center to smoke.

		Unknown

		Confined to object of origin

		Unknown



		20282

		MCC

		While on rounds, an operator saw smoke coming from a motor control center

		Unknown

		Confined to object of origin

		Unknown



		20287

		MCC

		Overload on transformer caused failure

		2 (Estimated)

		Confined to object of origin

		Unknown



		20295

		MCC

		Overheated transformer caused fire.

		2 (Estimated)

		Confined to object of origin

		Unknown



		20325

		Heat Trace Wiring

		No additional information.

		10 (Estimated)

		Confined to object of origin

		Single portable extinguisher



		20329

		Switchgear

		No additional information.

		2 (Estimated)

		Confined to object of origin

		Operator blew out flame



		20362

		MCC

		Insulation burned off 1 lead to motor starter contactor & fuse blocks above severely melted. Terminal screws loose on starter input terminals.  Extinguished when de-energized.

		2 (Estimated)

		Confined to object of origin

		Power supply removed (simple manual action)



		30338

		Control Panel

		Fire in electrical cabinet blower. Blower found to be full of dust and dirt. Smoke detector inside of cabinet did not alarm inside the panel which was hazy with smoke. 

		48 (Known), 3 min suppression time 

		Confined to object of origin (localized / single subcomponent)

		Power supply removed (simple manual action) & single portable extinguisher



		30513

		Control Panel

		Fire/overheating in constant voltage transformer inside rod control cabinet and ignited combustible material inside transformer housing. 

		2 minutes (Known)

		Confined to object of origin

		Multiple portable extinguishers (each RO applied 2 quick bursts of Halon)



		50473

		Electrical Panel

		Small flames were observed coming from a relay along with smoke.  Water intrusion into the panel from overflow of a ventilation drain line that had become plugged was the cause of the relay failure.  Condition became a sparking and smoke event before power was removed to terminate the event. Flames appear to have been self-extinguished before power was removed to the panel.

		3 minutes (Known)

		Confined to object of origin

		Power supply removed







While the detection means for each fire event vary, the fire events reviewed all note that fire was confined to the object of origin. The most severe fire event reviewed was Fire ID 303, which notes the extent of damage as to the confined to object of origin (broad/extensive damage). No secondary targets were damaged in this event. 

Fire ID 517 is the only fire in the set of incipient fires that reached a challenging fire severity. The FEDB classifies this fire was challenging due to the fire fighting duration and suppression strategy. Even with the suppression strategy which involved a combination of removing power, portable fire extinguishers, and water, the fire was confined to the object of origin. 

Of the 22 fire events with incipient behavior reviewed, none of the fire events damaged secondary targets. Damage to these targets did not occur due to either low energy nature of the fire (smoking, smoldering, overheating), or rapid manual plant response to the fire. It should be noted that both of these areas are identified are topics of ongoing research between EPRI and NRC-RES. 



Review of fires in control cabinets

The primary installation of VEWFDS is in low voltage electrical control cabinets. For this review fire events with MCC, switchgears, load centers, transformers, and other power distribution type equipment was not considered. 

		Fire ID

		Cabinet Type

		Description



		69

		Control Cabinet

		Not clear that any fire actually occurred.  The failure was the result of conductive heating of a conductor in contact with a resistor.  Anticipated ‘incipient’ time is unknown but given the lack of any reported fire (event involve over-heating) it is expected to have been a very long time period.  In addition, it is not clear that any actual application of an extinguishing agent was required.  Event duration was reported as 10 minutes.



		98

		Control Cabinet

		Event describes only the presence of smoke.  Description includes characterization as ‘smoldering’, ‘overheating’ and ‘internal to component’.  The duration was reported as 46 minutes.  The event description did not mention the occurrence of ‘fire’.



		131

		Undetermined

		Events description indicates ‘flaming combustion’ external to component.  The event was discovered by plant staff as there was no installed detection.  Fire duration reported as 23 minutes.



		187

		Control Cabinet

		Event described as producing thick gray smoke and flaming internal to component.  The description also notes ‘broad/extensive damage’ but confined to object of origin.



		303

		Control Cabinet

		Event described as having flaming external to component, use of multiple extinguishers, and burning of paint on panel.  Event duration was 2 minutes and it was detected by personnel.



		20272

		Electrical Panel

		Minimal information available.  Duration reported as 2 minutes and damage described as confined to object of origin.



		20325

		Heat Trace Wiring

		Event involved acid spill on heat trace wiring.  It is assumed that this event involved the actual heat trace cable – and not internal panel wiring.  As such, this event is not considered because the fire was not actually within an electrical cabinet.



		30281

		Control Panel

		Event described as smoldering combustion, confined to object of origin and localized to a single subcomponent.  The area had installed detection which did not actuate.  The fire was suppressed by removing power and multiple portable extinguishers.  The description states that that there was evidence of smoke, opened the panel and saw failed insulation. No flaming was observed.



		30338

		Control Panel

		Ventilation blower for cabinet clogged with dust and dirt.  Event described as involving smoke.  Detection in area and within cabinet did not actuate.  Suppression described as removing power and single portable extinguisher.  Damage described as being confined to a single subcomponent.  Reported fire duration of 3 minutes.



		30478

		Control

		Event duration was 2 minutes and suppressed by single extinguisher.  Detection in area was not actuated and damage was described as extensive insulation within cabinet.  The source was described as a ‘bunch of relays’. 



		30513

		Control

		Fire actuated ionization detector and suppressed by fixed Halon system.  Source of fire was described as voltage transformer.  Event ‘ignited combustible materials inside transformer housing’.  Damage described as being limited to object of origin.



		30522

		Control

		Fire actuated detection system and extinguished by single CO2 extinguisher.  Fire was confined to panel but there was damage to internals with ‘noticeable charring and smoke damage, external box had some heat and smoke damage’.  Flaming combustion was also noted.  Fire duration was not provided.



		30578

		Power Supply

		Fire was self-extinguished and damage limited to heat shrink tubing on a connector.  The description as includes ‘flaming combustion internal to component’.



		50473

		Electrical Panel

		Event described as being extinguished by removing power – small flames from relay with smoke, water intrusion, sparking and smoke before power removed.



		50784

		Control Cabinet

		Event occurred during testing.  The relay started to smoke … removed power (pulled fuses) … ‘shot’ with CO2 extinguisher.  Damage confined to object of origin (localized to single subcomponent).



		50811

		Control Cabinet

		Event described as being detected by a ‘failed equipment alarm’.  Upon investigation, found ‘relay burning’.  Extinguished using single portable extinguisher.  Damage confined to object of origin (localized to single subcomponent).





There are five events (131, 187, 303, 30478, and 30522) out of the 16 events reviewed which presented evidence that damage to an external target could have occurred had such a target been present.  An additional event (30513) was found to be an outlier in that the panel had an interior automatic Halon suppression system, and one event (20325) should not be included.  The remaining 9 events all resulted in limited or minimal internal damage.  In most of these instances the fire damage was confined to a single sub-component.  However, the guidance provided in NUREG-2180 would require that 100% of the postulated electrical cabinet fires be treated with an assumed failure of all internal components and wiring even if a VEWFDS system were installed.  This treatment is inconsistent with actual experience where over 64% of the fires were successfully suppressed with damage limited to a single sub-component without any VEWFDS or in-cabinet smoke detection installed.

The industry experience shows that even without any in-cabinet smoke detector installed, over 64% of the fires are successfully suppressed with interior damage being limited to a single sub-component.  In all of these instances, the fire was not detected via any smoke detector system and fire damage beyond to originating sub-component was adverted without the required augmented operator procedures or guidance as suggested in FAQ 08-0046 for the δ node.

Given the observed industry experience, it is reasonable and realistic to expect that some fraction of electrical cabinet fires will have limited damage potential to other targets within the same cabinet or panel.  This likelihood should be substantially reduced if an in-cabinet detector is installed.  The industry experience shows that current industry practices, which do not typically include augmented operator procedures or guidance as suggested in FAQ 08-0046 for the δ node, are sufficient to ‘de-power’ affected equipment and advert a potential fire event before any actual flaming occurs.  This activity is clearly a function of the time available to complete that action and the presence of an in-cabinet detector would increase that available time and thereby increase the likelihood of successful fire prevention.  

The guidance as currently presented in NUREG-2180, while a notable improvement over the guidance in FAQ 08-0046, does not yet address the δ or ε1 nodes.  The application of the standard time to damage calculation using traditional fire modeling tools, the established HRR distributions, and the 12 minute growth rate does provide two improved variations for the treatment of the ε2 node (using the two different suppression rate terms).  Empirical data is available to develop an interim treatment for the δ and ε1 nodes of the FAQ 08-0046 event tree.  However, excluding the treatment of at least the ε1 node in a manner that comports to industry experience would lead to gross distortion of the calculated fire risk, which is inherently inconsistent with the requirement to meet the ASME/ANS PRA Standard.
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Purpose of FAQ:



This FAQ proposes an alternative method to NUREG/CR-6850 for maintaining Fire PRA ignition source fire frequencies and establish a framework for maintenance of cable loading weighting factors. 

. 



In the event of a change in the number of ignition sources in a plant, current guidance provided by NUREG/CR-6850 requires the recalculation of ignition source frequencies. The formula yielding the ignition frequency for a given ignition source includes a weighting factor, WIS,J,L. This weighting factor is the ratio of the count of the ignition source in question, divided by the total count of ignition sources of the same type in the same generic plant location. See NUREG/CR-6850, section 6.3.1 for more details. 



The guidance in this FAQ would eliminate the need to recalculate the NUREG/CR-6850 Task 6 results and the individual fire scenario frequencies for Task 11 if the count of ignition sources changes.  This change provides a more pragmatic approach for evaluating the addition or removal of ignition sources. 



Application of the proposed method would address the following adverse effects that may be encountered when updating a Fire PRA:

1. The reduction of calculated risk in relatively high-risk fire scenarios resulting from the addition of ignition sources in low-risk locations.

2. The increase of calculated risk in relatively high-risk fire scenarios resulting from the elimination of ignition sources.



As risk models mature and are utilized in evaluating risk informed plant change evaluations (e.g. the use of NFPA-805 self-approval models), consideration for the risk implications of adding or removing of equipment will increase. Therefore, it is expected that the location chosen for the addition of new ignition sources be separated from risk sensitive targets. In these cases, were the guidance in NUREG/CR-6850 to be used, the increase in the number of countable ignition sources (i.e. all ignition source types other than transients and large system ignition sources) would decrease the frequency applied to other, potentially higher risk scenarios, with the same ignition source types. Therefore, the inclusion of a new ignition source would produce the undesired effect of artificially reducing calculated plant risk elsewhere in the model. Conversely, the removal of an ignition source from the analysis would redistribute ignition frequency to the remaining scenarios resulting in an increase of the plant fire risk in those scenarios. 



Furthermore, the current method from NUREG/CR-6850 imposes a burdensome process for maintaining cable loading weighting factors when implementing modifications that add or remove cables. With regard to changes in combustible cable loading, risk insights from the Fire PRA models are generally only impacted by large-scale modifications that include a significant change in combustible cable loading. Therefore, this FAQ establishes a framework to treat a change in cable loading as resulting in a negligible change in ignition frequency, thereby eliminating the burden of maintaining cable loading information.



In summary, the process proposed by this FAQ would maintain constant ignition source and cable loading weighting factors. However, it is recognized that during specific PRA model updates, a rebase line of the weighting factors might be desirable. Therefore, the intent of this FAQ is to provide an alternative approach to NUREG/CR-6850 to pragmatically enhance the application of the Fire PRA models and reduce unnecessary model updates. 







Relevant NRC document(s):



NUREG/CR-6850, Section 6.5.7





Details:



NRC document needing interpretation (include document number and title, section, paragraph, and line numbers as applicable):



NUREG/CR-6850, Section 6.5.7



Circumstances requiring interpretation or new guidance:



Adding and removing ignition sources produces an undesired effect when redistributing the ignition frequencies for evaluating the effect on plant risk increases and decreases in risk informed change evaluations. 



Adding or removing cables within a plant location is generally immaterial to the existing transient fire ignition frequencies. This FAQ would establish a basis for not updating the cable loading factors when evaluating modifications that add or remove cables within a compartment.   



Detail contentious points if licensee and NRC have not reached consensus on the facts and circumstances:



N/A



Potentially relevant existing FAQ numbers:



N/A



Response Section:



Proposed resolution of FAQ and the basis for the proposal:



The proposed approach would be a deviation from NUREG/CR-6850 Section 6.5.7: Ignition Source Weighting Factors. 



The ignition source weighing factor, WIS,J,L, for countable items is calculated as the number of ignition sources within a given compartment divided by the total number of ignition sources in the generic plant location.



After initially establishing a weighting factor in accordance with NUREG/CR-6850 Section 6.5.7.1, the proposed method would permit subsequent calculations to use a constant denominator (i.e. the total number of ignition sources in the generic plant location would remain unchanged). This method would effectively yield a static weighting factor for use in evaluating the addition or elimination of plant ignition sources. Upon the addition or elimination of an ignition source, the static weighting factor would be used and applied to the ignition source in question. This would eliminate the requirement of the analyst to recalculate an updated weighting factor based on a revised total ignition source count and apply it to all impacted scenarios in the analysis.



The proposed method is predicated on the assumption that the initial weighting factor calculation sufficiently establishes a plant-specific ignition frequency on a per-component basis. Therefore, the subsequent addition or elimination of ignition sources would have no effect on the frequencies currently applied to the existing ignition source scenarios and the ensuing change in calculated plant risk would produce illogical risk insights.  





If appropriate, provide proposed rewording of guidance for inclusion in the next Revision:



The proposed method would provide the following as an acceptable optional approach to ignition frequency changes.



-Establish a total ignition source count in accordance with guidance in NUREG/CR-6850 for developing the Fire PRA model (i.e. no change to the current method). An accepted revision of the Fire PRA (i.e. the current model of record), may be used as the basis for the “initial” ignition source count.



-Establish a per count ignition frequency for each countable item in a given plant generic location. For example, 100 pumps (bin 21 of NUREG/CR-6850) located within the generic location ‘L’ would result in a calculated weighting factor of 1/100 = 0.01 for each pump in location L. Multiply this weighting factor by the appropriate bin total frequency from the latest approved data, yielding a frequency for a single pump ignition source. 



-Any subsequently added ignition sources should use the per-source calculated frequency for scenario development. Any subsequently eliminated ignition sources should simply be removed from the Fire PRA with no consequential impact on any of the remaining fire scenarios. Therefore, neither the addition nor elimination of ignition sources should impact the ignition frequencies for other fire scenarios.



-The same approach is applicable to the cable fire frequency weighting factor, WCable,i, for cable fires caused by welding and cutting (Bins 5, 11, and 13) and for cable run fires (Bin 12). That weighting factor should remain static and should continue to be used in the model to evaluate modifications when cables are added or removed from the analysis. In the event a plant modification substantially changes the numerator of the weighting factor for a raceway (using the same metric originally used to establish the weighting factor) then an update of the fire frequency for that tray should occur.  Otherwise, no change is necessary.  In this context, “significant” is defined as a 5% change.



-If new generic ignition frequency data becomes available, then that data should be addressed using existing industry guidance.
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Purpose of FAQ:

This FAQ clarifies the guidance in NUREG/CR-6850 associated with damage and ignition of cables subjected to fire generated conditions in order to provide a more realistic characterization of fire propagation in stacks of cable trays.  Specifically, this FAQ establishes guidance for identifying the conditions necessary for cable tray ignition and propagation through an arrangement of cables trays.  

This FAQ updates in part the guidance available in Chapters 8, 11 and Appendices H and R of NUREG/CR-6850.  The guidance provided by this FAQ is not intended to be applicable to Section R.4.2.2 of NUREG/CR-6850 on fire propagation through a cable tray stack after ignition or for cable tray ignition under high energy arcing fault scenarios in Appendix M of NUREG/CR-6850.





Is this Interpretation of guidance? 	Yes / No



Proposed new guidance not in NEI 04-02? Yes / No



Details:

NRC document needing interpretation (include document number and title, section, paragraph, and line numbers as applicable):

The guidance in NUREG/CR-6850 (e.g., see Section 8.5, Appendix H, and Appendix R) conservatively assumes that cable ignition and cable damage occur simultaneously.  This assumption is based in part on testing of energized cables for investigating electrical shorts between conductors.  These shorts can create the spark (i.e. the ignition source) necessary to ignite the heated cables.  At the same time, relatively recent testing de-energized cable tray fires suggests that further characterization for the process of cable tray ignition and promoting fire propagation to nearby cable trays is necessary as a relatively strong sustained fire near the cable tray arrangement is necessary for generating fire propagation through a cable tray stack.  Therefore, differentiating between cable damage and/or ignition, and the conditions necessary for a cable tray fire to propagate through a stack is necessary to add realism to the scenarios included in the Fire PRA.  

Circumstances requiring interpretation of guidance or new guidance:

The guidance in NUREG/CR-6850 associated with damage or ignition of cables needs clarification for two reasons.  First, in some instances it assumes that the damage criteria and ignition criteria are the same.  At the same time, the guidance suggest that these are distinctly different events. For example, 

· Section 8.5.1.2 states, "For cables, the ignition and damage criteria can be assumed to be the same. Heat flux and temperature criteria for damage and/or ignition are provided in Table 8-2.  More detail on damage criteria is provided in Appendix H."  Although Table 8-2 is entitled "damage criteria”, the heading includes the word "ignition".  The table is reproduced here for completeness purposes:



Table 8-2

Damage Criteria for Cables

		Screening Criteria to Assess the Ignition and Damage Potential of Electric Cables



		Cable Type

		Radiant Heating Criteria

		Temperature Criteria



		Themoplastic

		6 kW/m2 (0.5 BTU/ft2s)

		205°C (400°F)



		Thermoset

		11 kW/m2 (1.0 BTU/ft2s)

		330°C (625°F)





This information is repeated in Appendix H which states, "For cables, the ignition and damage criteria will be assumed to be the same.  Generic heat flux and temperature criteria for damage and/or ignition are identified in Table H-1."  Like Table 8-2, Table H1 is entitled "damage criteria" but includes the word "ignition" in both a subtitle and heading.  It should be noted that both of these tables (i.e., Table 8-2 and Table H-1) cite Appendix F of Inspection Manual Chapter 0609 as the source of the damage criteria.

· Second, there is no guidance in NUREG/CR-6850, Supplement 1 to NUREG/CR-6850, or applicable FAQs describing the conditions necessary to propagate a fire in a stack of cable trays.  Consequently, current Fire PRAs conservatively assume that if a cable is ignited it will be capable of propagating through a cable tray stack.  Under this current approach, the time between cable ignition and growth through the first cable tray to a size that can sustain and promote propagation is not credited in the analysis.  The practical implication of this approach is that any cable exposed to elevated gas temperatures generated by a fire is assumed to be capable of propagation at the time it takes for heating the cable to its damage or ignition temperature.  

Detail contentious points if licensee and NRC have not reached consensus on the facts and circumstances:

None

Potentially relevant existing FAQ numbers:

None



Response Section:

Proposed resolution of FAQ and the basis for the proposal:

This section primarily describes the proposed criteria for determining if a cable tray fire will be capable of propagating through a stack and the corresponding technical basis supporting the criteria.  

Definitions

For clarity purposes, the following terms are defined first:

· Cable damage: refers to a cable no longer able to perform its function due to exposure to fire generated conditions.  In this context, a “damaged cable” is assumed not to be ignited.  In practice, a damaged cable in the Fire PRA produces a functional equipment failure.  A damaged cable does not contribute to the heat release rate in the compartment where the fire is postulated.

· Cable ignition: for the purposes of this FAQ, cable ignition refers to “localized ignition” of a cable or adjacent cables subjected to fire generated conditions.  This localized ignition is assumed to be triggered by sparks generated by shorts between conductors once the cable jacket and/or insulation are damaged by the fire.  Under this definition, “cable damage” and “cable ignition” have the same practical effects in the Fire PRA analysis.  The cables produce a functional equipment failure but do not contribute to the heat release rate in the compartment where the fire is postulated as the heat contribution is assumed to be small given that ignition is localized.  Heat release from cable ignition may be capable of promoting flame spread among adjacent cables within a tray but is incapable of promoting fire propagation without an external heat exposure such as the one generated by an ignition source.

· Cable tray ignition: for the purposes of this FAQ, the term “cable tray ignition” refers to a full section of a cable tray (i.e., most of the cables routed in the cable tray section) ignited.  Under this definition:

1.	Full cable tray ignition capable of sustaining a fire and promoting propagation requires a sustained exposure from the ignition source as localized cable ignition alone will not provide enough energy to trigger the fire propagation process through secondary combustibles.   

2.	All the cables in the cable tray section are already damaged or ignited for the purposes of Fire PRA modeling, 

3.	It represents a fire large enough to be capable of propagating to other intervening combustibles (e.g., propagate to nearby cable trays), and 

4.	All the cables within the cable tray along the length that is on fire are contributing to the combined heat release rate in the compartment.  The length and width of the initial cable tray ignited used to calculate the heat release rate contribution should be determined following the guidance in Appendix R of NUREG/CR-6850 and/or NUREG/CR-7010 volumes 1 and 2.

· Fire Propagation: refers to the process of fire growth through sequential ignition of separate (i.e., individual) secondary combustibles.  For example, fire propagation through cable trays refers to ignition of different cable trays (i.e., sequential ignition of cable trays in a stack of horizontal cable trays).

· Flame spread: for the purposes of this FAQ, flame spread refers to a continued set of ignitions generating fire growth within the same combustible (e.g., fire growth/spread along a tray).  

Proposed Resolution

This FAQ proposes the following two clarifications to the existing guidance for determining if fire propagation through a cable tray arrangement needs to be postulated in a Fire PRA:

1.  The existing guidance in Appendix H of NUREG/CR-6850 refers to both “cable damage” and “cable ignition” as defined earlier in this FAQ.  That is, the assumption that both processes happen at the same time is appropriate as it is based on experimental observations where cables exposed to fire conditions can spark and generate the ignition source necessary to generate flames.  The time at which damage or ignition occurs is dependent on the thermal exposure and can be calculated using fire modeling tools as is recommended in existing guidance (e.g., using Tables H-5 through Table H-8 in NUREG/CR-6850 or other analytical heat transfer methods)..  

2.  “Cable tray ignition” is necessary to promote fire propagation throughout an arrangement of cable trays.  This guidance supplements the damage criteria available in Appendix H of NUREG/CR-6850 by establishing the conditions governing fire propagation among cable trays.  The guidance is specifically applicable to fire scenario configurations involving cable trays relatively near an ignition source.  Recall that the term cable tray ignition represents a relatively large established fire in a cable tray section with enough energy to sustain propagation.  It is assumed that all the cables routed in the cable tray section are ignited at the time of cable tray ignition as the cables have exceeded the ignition temperature.  It should be noted that the time for cable damage or ignition occurs before cable tray ignition that triggers propagation to other secondary combustibles.  In practice, it is expected that cables will fail at the table of cable damage or ignition based on cable damage or ignition criteria listed below in Table 1. 

The following table summarizes the criteria for cable damage, cable ignition, and cable tray ignition and is proposed as a replacement for Tables 8-2 and H-1 in NUREG/CR-6850.  

[bookmark: _Ref455645368]Table 1: Cable Damage/Ignition and Cable Tray Ignition Criteria

		

		Cable Damage/Ignition Criteria

		Cable Tray Ignition Criteria*



		Cable Type

		Radiant Heating

		Temperature

		Radiant Heating

		Temperature



		Themoplastic

		6 kW/m2 

		205°C

		25 kW/m2

		500˚C



		Thermoset

		11 kW/m2 

		330°C

		

		







*Assume bulk of cable insulation within the cable tray is ignited and contributes to the heat release rate as a secondary combustible for room heating (e.g. hot gas layer temperature calculations) calculations when any of these thresholds are reached or exceeded.  Below these criteria, ignition is assumed to be localized and is not contributing to the overall heat release rate within the compartment. 



The following timeline provides a conceptual representation of the proposed scenario development for FPRA modeling purposes:

1.	Ignition: Fire starts at ignition source generating a zone of influence affecting nearby cables in cable trays or conduits.

2.	Cables in cable trays are damaged and ignited when exposed to thermal conditions exceeding the cable damage and ignition threshold listed in Table 1.  Assume cables are damage/ignited regardless of their location within a cable tray/conduit arrangement if the thermal conditions at the location of the cable tray exceed the cable damage and ignition threshold listed in Table 1.  

3.	Cable tray ignition when thermal condition exceeding the cable tray ignition threshold listed in Table 1.  The length and width of the initial cable tray ignited used to calculate the heat release rate contribution should be determined following the guidance in Appendix R of NUREG/CR-6850 and/or NUREG/CR-7010 volumes 1 and 2.

4.	Subsequent fire propagation and flame spread through a cable tray stack arrangement consistent with the guidance in NUREG/CR-7010, Vol 1.



The above time line is recommended for growing fires only.  The timeline is not applicable for high energy arcing fault fire scenarios.  Figure 1 provides a pictorial representation of the recommended timeline. 

 

Ignition Source



Ignition Source



1.  Fire starts at ignition source

2.  Cable Damage/Ignition



Ignition Source





Ignition Source



3.  Cable Tray Ignition

4.  Fire Propagation and flame spread



[bookmark: _Ref455649518]Figure 1:Pictorial representation of the fire scenario development including cable damage/ignition, cable tray ignition and fire propagation.  Figure is not drawn to scale and is not intended to replace guidance on flame spread and fire propagation available in Appendix R of NUREG/CR-6850 and/or NUREG/CR-7010 volumes 1 and 2.

NOTE:	Modeling of fire propagation in vertical trays should follow the guidance in Appendix R of NUREG/CR-6850 and/or NUREG/CR-7010, Vol 2.  



Technical Basis

The available full scale test data that supporting the empirical fire propagation model for cable tray fires, as described in NUREG/CR-6850 and validated in NUREG/CR-7010, are documented in EPRI-NP-1881 (Sumitra tests), NUREG/CR-0381 (Klamerus tests) and NUREG/CR-7010, Volume 1 (NIST tests).  These reports document the results of about thirty-five to forty open configuration, unprotected cable tray fire tests.  The cables in trays were not energized.  In all cases, the ignition source for the lowest cable tray within a stack was a gas burner or liquid fuel pan fire that causes flame impingement on the lowest cable tray in the stack.  Further, the reports presented no case where thermal plume above the flame tip alone was sufficient for igniting a cable tray.  

A quantitative indication of the conditions necessary for fire ignition and surface spread is also provided in Section 3.4.7 of NUREG/CR-5384.  Burn mode evaluations for both non-rated (thermoplastic) and low flame spread (thermoset) cables are presented and indicate that for thermoplastic cables, which bound the results for thermoset cables, a surface temperature of 538˚C and an internal fuel temperature of 577˚C are necessary for surface flames to develop.  

Based on cone calorimeter tests summarized in NUREG/CR-7010, Volume 1, Section 10.2, a heat flux exposure of 25 kW/m2 (2.2 Btu/s-ft2) is minimally sufficient to cause ignition for all types of cables considered, including the thermoplastic cables which bound the results of thermoset cables. NUREG/CR-7010, Volume 1 further states that at this heat flux, ignition was achieved but without sustained burning in many cases. Therefore, 25 kW/m2 establishes a threshold that can be assumed for critical heat flux to postulate ignition of cable trays capable of propagating to other secondary combustibles.

Figure 4.11 in ”Enclosure Fire Dynamics” (Karlsson & Quintiere, Enclosure Fire Dynamics, CRC Press, 2000) conveniently describes fire generated conditions at and near the flames.  This figure consists of a plot of flame and fire plume temperature data forming the basis for the McCaffrey fire plume temperature correlation.  These data suggest turbulent flame temperatures in the order of 800 oC, which is higher than the temperatures identified in NUREG/CR-5384 as necessary for surface flames to develop.  This is an indication that fire plume conditions outside the flames may be capable of cable tray ignition.  At the same time, temperatures in the order of 500 oC can be experienced in the “intermittent” region of the fire plume, which is the region above the flames where broken flames may extend/exist for brief periods of time.  This characterization suggests that cable tray ignition needs to be postulated when cable trays are exposed to either flame impingement, or a region in close proximity to the flames.  In order to define the specific thermal conditions, a heat balance equation is formulated assuming a critical heat flux for cable tray ignition of 25 kW/m2 as follows:



Where the critical heat flux includes radiative and convective contribution as the cable tray may be in the fire plume region near the flames.  The equation above is expanded as follows:



Where  is the emissivity assumed as 1.0,  is the Stephan Boltzmann constant (5.67E-11 kW/m2K4), h is the convective heat transfer coefficient assumed as 0.01 kW/m2K (see Chapter 2 NUREG/CR-6931 Vol. 3), Tamb is the ambient temperature assumed as 20 oC (293 K), and Tplume is the plume temperature.  Notice that this is the same external heat flux equation used in NUREG/CR-6931 Vol. 3 for the development of the THIEF model.  Solving numerically for Tplume, a value of 503 oC is obtained, which is similar to the values observed in NUREG/CR-5384 discussed earlier in the FAQ, is between 500 and 600 oC.  Conservatively, a temperature criterion of 500 oC is selected for cable tray ignition.

Implementation

The cable damage/ignition criteria are applicable for determining if cables are postulated damaged or ignited in the Fire PRA.  The criteria in this FAQ however are recommended for determining cable tray ignition and propagation to secondary combustibles.  The time to cable damage or cable ignition can be calculated with currently available fire modeling tools.  For cases where cables in trays are exposed to cable damage/ignition criteria, all the cables in the trays will be assumed damaged and ignited.  Under this assumption, cable ignition means that sparks generated from shorts can start a fire but not immediately propagate through a cable tray promoting propagation.

The cable tray ignition criteria should be used for determining if cable tray ignition is capable of sustaining fire propagation.  In addition, 

· Direct flame impingement will generate conditions that meet the criteria for cable tray ignition fire propagation.  

· Fire plume, flame radiation, and hot gas layer temperature conditions at the location of the cable trays need to be evaluated using fire modeling tools to determine if the criteria for cable tray ignition are exceeded.  Cables exposed to the cable damage/ignition criteria are assumed failed regardless of location within a cable tray or conduit arrangement.

· No ignition would be postulated for qualified cables protected by solid bottom cable trays for both open and obstructed fires.  Consistently, the guidance in Appendix Q of NUREG/CR-6850 associated with solid bottom trays is not affected by the information in this FAQ.  

· The guidance provided in Section R.4.2.2 of NUREG/CR-6850 would still be used to determine the timing of cable tray ignition above the first cable tray and fire propagation to adjacent trays once the lowest tray is ignited, unless additional fire modeling can show those fire conditions at the location of the cable trays do not meet the cable tray ignition criteria. 

If appropriate, provide proposed rewording of guidance for inclusion in the next Revision:

Revisions to NUREG/CR-6850

In Section 8.5.1.2

Replace:	"For cables, the ignition and damage criteria can be assumed to be the same." 

With:	" For cables, the ignition and damage criteria can be assumed to be the same.  Additional criteria is available for determining cable tray ignition to support fire propagation through cable tray arrangements."

Replace:	"More detail on damage criteria is provided in Appendix H." 

With:	"More detail on cable damage and ignition as well as cable tray ignition is provided in Appendix H."

Replace:	Table 8-2 with:

Table 8-2

		

		Cable Damage/Ignition Criteria

		Cable Tray Ignition Criteria*



		Cable Type

		Radiant Heating

		Temperature

		Radiant Heating

		Temperature



		Themoplastic

		6 kW/m2 

		205°C

		25 kW/m2

		500˚C



		Thermoset

		11 kW/m2 

		330°C

		

		





*Assume bulk of cable insulation within the cable tray is ignited and contributes to the heat release rate as a secondary combustible for room heating (e.g. hot gas layer temperature calculations) calculations when any of these thresholds are reached or exceeded. Below these criteria, ignition is assumed to be localized and is not contributing to the overall heat release rate within the compartment.”






In Appendix H

Replace:	"For cables, the ignition and damage criteria will be assumed to be the same." 

With:	"For cables, the damage criteria may be assumed for both damage and ignition, or separate criteria may be used for cable tray ignition and damage."

Replace:	Table H-1 with:

Table H-1

		

		Cable Damage/Ignition Criteria

		Cable Tray Ignition Criteria*



		Cable Type

		Radiant Heating

		Temperature

		Radiant Heating

		Temperature



		Themoplastic

		6 kW/m2 

		205°C

		25 kW/m2

		500˚C



		Thermoset

		11 kW/m2 

		330°C

		

		





*Assume bulk of cable insulation within the cable tray is ignited and contributes to the heat release rate as a secondary combustible for room heating (e.g. hot gas layer temperature calculations) calculations when any of these thresholds are reached or exceeded. Below these criteria, ignition is assumed to be localized and is not contributing to the overall heat release rate within  the compartment.”

In R.2

Replace:	"If trays are stacked, calculate the flame height, plume temperature, and heat flux at the height of the above tray. Assume ignition of the above tray if it is immersed in flames, or the plume temperature or heat flux are higher than the levels required for ignition." 

With: 	"If trays are stacked, calculate the flame height, plume temperature, and heat flux at the height of the above tray. Assume cable tray ignition and fire propagation if it is immersed in flames, or the plume temperature or heat flux are higher than the levels required for cable tray ignition."

In R.4.1.1

For the material properties for PVC cables,

Replace:	Tig = 218˚C

With: 	Tig = 205˚C for the purposes of flame spread calculations within one cable tray (i.e., no propagation through different cable trays).  See Table 8-2 or H-1 for criteria on full cable tray ignition.

For the material properties for XPE cables are:

Replace:	Tig = 330˚C

With: 	Tig = 330˚C for the purposes of flame spread calculations within one cable tray (i.e., no propagation through different cable trays).  See Table 8-2 or H-1 for criteria on full cable tray ignition.

In Table R-2

For Ignition temperature[C]

Replace:	330

With: 	330.  See Table 8-2 or H-1 for criteria on full cable tray ignition.	.  

In Table R-3

For Ignition temperature[C]

Replace:	205

With: 	205.  See Table 8-2 or H-1 for criteria on full cable tray ignition.

In R.4.2.2

Replace:	"Exposure source to first tray:  tray ignites at time to damage/ignition using the plume temperature correlation"

With: 	"Exposure source to first tray: cables are damaged or ignited at time to damage using the plume temperature correlation.  Cable tray ignition for propagation up the stack at flame immersion or the plume temperature or heat flux are higher than the levels required for cable tray ignition."
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Purpose of FAQ: 


This FAQ provides an update to the non-suppression probability (NSP) for high energy arcing fault (HEAF) fires based on a review of additional fire event data.


Relevant NRC document(s): 


NUREG/CR-6850


NUREG/CR-6850 Supplement 1 (FAQ 08-0050)


NUREG 2169 


Details:


NRC document needing interpretation (include document number and title, section, paragraph, and line numbers as applicable): 


See list of relevant NRC documents

Circumstances requiring interpretation or new guidance:  


The non-suppression probability for high energy arcing fault (HEAF) fires provided in NUREG/CR-6850 Supplement 1 (FAQ 08-0050) and NUREG 2169 are considered overly conservative based on durations that extended past the control point in the fire event . As a result, the risk associated with HEAFs in critical fire areas may be artificially high.


Detail contentious points if licensee and NRC have not reached consensus on the facts and circumstances:


Although recent guidance has sought to provide a better estimate of non-suppression probability, in the case of HEAF fire events, the probability of non-suppression is believed to be overly conservative. 


Potentially relevant existing FAQ numbers: 


FAQ 08-0050, “Manual Non-Suppression Probability” 


Response Section:


Proposed resolution of FAQ and the basis for the proposal:


1. Introduction


The total duration for high energy arcing fault (HEAF) fires utilized in NUREG/CR-6850 Supplement 1 (FAQ 08-0050) to develop the lambda mean value for HEAFs is 276 minutes.  Three events were used to develop this total, resulting in an average of 90 minutes per fire. In some cases the long suppression duration has had significant impact on the total risk of a fire area.  NUREG-2169 expanded the number of reviewed events to eight (8) with a total duration of 602 minutes.  The resulting change to the lambda mean was nominal, increasing from the 0.011 established in NUREG/CR-6850 Supplement 1, to 0.013.  A further review to verify the suppression rate has been performed, to ensure the analyses of HEAF fires are not providing overly conservative results and that the results are providing appropriate risk insights for the scenarios. 


The fire event times for the majority of the HEAF events in NUREG-2169 are one hour (60 minutes) or longer, with several exceeding two hours (120 minutes) in duration.   The probability of non-suppression is based on the average time to suppression within a specific fire bin.  The times reported and utilized in NUREG-2169 are considered excessive considering that many HEAF sources are located in accessible areas provided with automatic detection and the failures due to the HEAF often initiate a signal to the control room early in the event.  Therefore fire brigade response is expected to occur quickly after the initial HEAF. In addition, complete fire suppression is not required for an assessment of non-suppression probability as arresting the fire spread and development eliminates additional target damage and effectively suppresses the fire, but may not necessarily correspond with a fire being extinguished. 


This review expanded upon the data in NUREG-2169 by obtaining Licensee Event Reports (LERs) and related documentation (where available) for several of the extended duration fires in order to assess whether the fire was in fact under control earlier in the scenario than the event duration implies.  During review of the LERs, it became apparent that there are several contributors that extend the reported fire duration beyond the time required to suppress and contain the fire spread.  First, it appears that there is a lag between when the fire is under control in the field and when it is reported to the control room as extinguished.  It also appears that there is a potentially significant lag between when the fire is under control and when the fire is declared extinguished due to the need to de-energize the high energy equipment.  Both factors result in over-estimation of the fire duration in some event reports and affected fire events included in NUREG/CR-6850 Supplement 1 and NUREG-2169. For purposes of Fire PRAs, the time to control is a more appropriate time, since this is when the fire is no longer considered a challenging event.  The fire events reviewed are described below.  The fire event number provided represents the number assigned in the EPRI Fire Events Database (Ref. 3) while the acronym represents an identification number based on plant and/or country of origin and date. 


2. Revised Fire Event Times


2.1. Fire Event #947 (OC 19890103): This fire event was reported as having a 59 minute duration in NUREG-2169 and NUREG/CR-6850 Supplement 1 and a 46 minute duration in NUREG/CR-6850 (Ref. 2, 3,and 5).  A review of the LER indicates that the fire event started at 1916 and the fire was “reported to be out” at 2015 (Ref. 10).  However, further details indicate that the first attempt to extinguish the fire was at 1933 hours utilizing CO2 and dry chemical extinguishers, which were unsuccessful due to reflash (Ref. 0).    Plant personnel determined that water fog was required to extinguish the fire without continued risk of reflash.  At 2002 hours the bus was de-energized, for personnel safety, and water was applied (Ref. 0).  Given this timeline, it is likely that the fire was under control between 1933 and 2002 hours; however the fire was definitively under control at 2002 establishing a 46 minute event duration for the purposes of calculating PNS (Ref. 10).  This fire is an example of cautious firefighting resulting in a delay to fire suppression due to a fire in high energy equipment. 


2.2. Fire Event #74 (WF 19950610): This fire event was reported as having a 136 minute duration in the FEDB and NUREG-2169 (as Fire Event #74); a 57 minute duration in NUREG/CR-6850 (reported as event number 2175); and a 76 minute duration in NUREG/CR-6850 Supplement 1 (as 2175) (Ref. 2, 3, 4 and 5).  A review of the LER indicates that the event initiated at 0858, which varies only slightly from the FEDB which reports the event initiating at 0857 (Ref. 2 and 9).    The fire brigade responded and attempted to extinguish the fire at 0935 via Halon, CO2, and dry chemical extinguishers (Ref. 9).  The fire was reported extinguished at 1022, after the local fire department applied water to the insulation above the bus at 1018 (Ref. 9).  Since the fire was under control at 1018, the appropriate fire duration for the PNS calculation is 80 minutes.  The extended fire duration time reported in the FEDB and NUREG-2169 coincides with the official declaration that the fire was extinguished (Ref. 9).


2.3. Fire Event #100 (DC 20000515):  This fire event was reported as having a 78 minute duration in NUREG-2169 and the FEDB (Ref. 2 and 4).  The event was not included in NUREG/CR-6850 or NUREG/CR-6850 Supplement 1 (Ref. 3 and 5). The event was reported to begin at 0025 hours on May 15, 2000.  The fire was declared out at 0143 hours, providing the 78 minute duration.  However, additional details provided in the Preliminary Notification of Event or Unusual Occurrence (Ref. 6) as reported by the Region IV staff, indicates that the fire was extinguished “using carbon dioxide, by 1 a.m.”  Although PNO is not the official documentation of the fire event, such as the LER, the additional information agrees with the LER (Ref. 6) which states: 


When the fire brigade entered the room, they quickly extinguished the fire with a CO2 extinguisher, before offsite assistance arrived. After clearing smoke from the room, the fire was declared out at 0143 PDT.


This suggests that a significant time lag may have occurred between extinguishing what is referred to as the “small fire” and the official declaration. A 35 minute fire duration is considered reasonable based on the available data and is a refinement on the original, conservative duration provided in the FEDB and utilized in NUREG-2169.


2.4. Fire Event #106 (SG 20010203):   This fire event was reported as having a 154 minute duration in NUREG-2169 and a 156 minute duration in the FEDB (Ref. 2 and 4).  The event is also cited as 141 minutes in NUREG/CR-6850 Supplement 1, which is a revision from the NUREG/CR-6850 duration of 136 minutes (Ref. 3 and 5).  There is no explanation provided in NUREG-2169 or NUREG/CR-6850 Supplement 1 for the discrepancy between the documents.  The LER for this event details that the event began at 1514 and that fire responders reported the fire extinguished at 1544; it was later determined that the fire was not extinguished at that time, but flames were no longer visible (Ref. 7).  The delay is attributed to extinguishing due to high energy and resistance to using water; however the fire was under control and limited to the cubicle at the time of the report (Ref. 7).  Therefore, an event duration of 31 minutes is appropriate for use in the PNS curve, as this reflects the time required for the fire to be suppressed and controlled. 


2.5. Fire Event #127 (VY 20040618): This fire event was reported as having a 71 minute duration in NUREG 2169 and the FEDB (Ref. 2 and 4).  The event was not included in NUREG/CR-6850 or NUREG/CR-6850 Supplement 1 (Ref. 3 and 5).  The LER for this event establishes that the event occurred at 0640 and that the fire brigade declared the fire under control at 0717, resulting in a 37 minute duration (Ref. 8).  The FEDB also reports that the fire was under control by 0717 but that the fire was not extinguished until 0751; use of the time to extinguishment resulted in the 71 minute duration (Ref. 3).   


3. Additional Fire Events


This review also identified two fire events that were originally binned as electrical fires for the calculations of non-suppression probability in NUREG-2169 but which are bin 16.1 and 16.2 HEAF fires (Ref. 2).  The fire events in this category are #922 and #792 with a fire duration of 5 minutes and 3 minutes respectively.  The LER for fire event #922 was reviewed and it was determined that several of the characteristic challenges that have been shown to inhibit fire suppression in HEAF events, specifically the need to de-energize the high energy equipment and suppress secondary fires, were present in this scenario (Ref. 11).  The fire originated in a bus bar connecting the Main Auxiliary Transformers from 6160 volt busses due to a phase to ground (Ref. 11).   In order to suppress the fire, the Main Auxiliary Transformer was de-energized and plant personnel manually suppressed a secondary fire caused by slag emitted from the bus (Ref. 11).  Based on the characteristics of this fire, although it occurred outside of an electrical panel, the fire is considered to represent the same challenges as a typical HEAF scenario and inclusion in the non-suppression probability calculations is considered appropriate.


Fire event #792 occurred in the “A” isolated-phase bus duct due to damaged ground straps and a deteriorated gasket (Ref. 12).  Although the fire does not represent similar combustibles to that of a typical electrical cabinet, the challenges related to the fire are similar to that of a typical HEAF; specifically that the bus ducts were required to be de-energized prior to suppression (Ref. 12).  Therefore, inclusion of this fire event in the calculations for the non-suppression probability of a HEAF fire is considered more appropriate than inclusion in the electrical fire bin.  


In addition, the most recent revision to the EPRI FEDB includes an additional published event that was not available for review at the time of NUREG-2169.  Fire Event #162 occurred on August 5, 2009 and is reported to have a 46 minute fire duration (Ref. 4).  The event was detected at 0751 hours when the conductor in one of the supply busses catastrophically failed, melting all three phases of the conductor (Ref. 13).  The fire was declared out at 0811 hours (Ref. 13).


These three fire events, as well as the refined event durations above have been included in the updated calculations of non-suppression probability.  


The re-binning of Fire Events #792 and #922 as HEAF fires versus electrical fires for the non-suppression probability necessarily results in a revision to the electrical fire non-suppression probability.  The changes are reflected in the proposed revisions to NUREG-2169 included as part of this FAQ.  


4. Comparison with International Events


The scope of the previous non-suppression probability analyses has been limited to events occurring in the United States.  However, the Organisation for Economic Co-operation and Development (OECD) has recently released Fire Project Topical Report No. 1 “Analysis of High Energy Arching Fault (HEF) Fire Events” (Ref. 1).  This report identified 48 HEAF events that had been reported to the OECD from Canada, Czech Republic, Finland, France, Germany, Japan, Korea, Spain, Sweden and the United States.  The database includes 11 events in the United States, although this included non bin 16 HEAFs (e.g., cable HEAFs and HEAFs occurring in the Yard transformers).   The OECD report included 18 bin 16 HEAF events occurring outside of the United States.  The average duration for these fires was 31.3 minutes; while the average time for the US only events reviewed as part of this FAQ is 35 minutes.  The average time for all events, both US and international, is 32.7 minutes.  The use of an average time of 35 minutes for US HEAF events is therefore considered conservative and in agreement with the trend of HEAF fire event durations internationally.  


5. Summary/Conclusion


Based on the documentation review and considering the expanded data set, the mean suppression rates proposed in NUREG/CR-6850 Supplement 1 and NUREG 2169 are overly conservative.  It is proposed that the mean suppression rate should be increased by approximately a factor of two (from 0.011/0.013 to 0.029) to reflect the revised average fire duration for HEAFs originating in high energy equipment in the US.  


A chi squared distribution was applied, consistent with NUREG-2169, to calculate the percentiles based on the number of events and total durations presented in table 5-1.


Attachment 1 and Attachment 2 to this FAQ are provided to summarize the fire event data review and the resulting average durations and non-suppression probability that would result from expanding the data set. 


If appropriate, provide proposed rewording of guidance for inclusion in the next


Revision:


The following are proposed revisions to NUREG 2169:


 Table 5-1

Probability distribution for rate of fires suppressed per unit time, λ (Originally, Table P-2 from NUREG/CR-6850)

		Suppression Curve

		Number of Events in Curve

		Total Duration

(minutes)

		Rate of Fire Suppressed (λ)



		

		

		

		Mean

		5th Percent

		50th Percent

		95th Percent



		T/G fires

		30

		1167

		0.026

		0.019

		0.025

		0.034



		Control room

		12

		37

		0.324

		0.187

		0.315

		0.492



		PWR containment (AP)

		3

		40

		0.075

		0.020

		0.067

		0.157



		Containment (LPSD)

		31

		299

		0.104

		0.075

		0.103

		0.136



		Outdoor transformers

		24

		928

		0.026

		0.018

		0.026

		0.035



		Flammable gas

		8

		234

		0.034

		0.017

		0.033

		0.056



		Oil fires

		50

		562

		0.089

		0.069

		0.088

		0.111



		Cable fires

		4

		29

		0.138

		0.047

		0.127

		0.267



		Electrical fires

		175

		1807

		0.097

		0.085

		0.097

		0.109



		Welding fires

		52

		484

		0.107

		0.084

		0.107

		0.133



		Transient fires

		43

		386

		0.111

		0.085

		0.111

		0.141



		HEAFs

		11

		385

		0.029

		     0.016

		     0.029

		     0.044



		All fires

		443

		6358

		0.070

		    0.064

		    0.070

		    0.075





Table 5-2

Updated numerical results for suppression curves (Originally, Table 14-1 from NUREG/CR-6850, Supplement 1)

		Time (min)

		T/G fires

		HEAFs

		Outdoor Transformers

		Flammable Gas

		Oil fires

		Electrical fires

		Transient fires

		PWR

containment (AP)

		Containment (LPSD)

		Welding

		Control Room

		Cable Fires

		All Fires



		0

		1.0

		1.0

		1.0

		1.0

		1.0

		1.0

		1.0

		1.0

		1.0

		1.0

		1.0

		1.0

		1.0



		5

		0.879

		0.867

		0.879

		0.843

		0.641

		0.616

		0.572

		0.687

		0.595

		0.584

		0.198

		0.502

		0.705



		10

		0.773

		0.751

		0.772

		0.710

		0.411

		0.380

		0.328

		0.472

		0.355

		0.341

		0.039

		0.252

		0.497



		15

		0.680

		0.651

		0.678

		0.599

		0.263

		0.234

		0.188

		0.325

		0.211

		0.200

		0.008

		0.126

		0.350



		20

		0.598

		0.565

		0.596

		0.505

		0.169

		0.144

		0.108

		0.223

		0.126

		0.117

		0.002

		0.063

		0.247



		25

		0.526

		0.490

		0.524

		0.425

		0.108

		0.089

		0.062

		0.153

		0.075

		0.068

		*

		0.032

		0.174



		30

		0.462

		0.424

		0.460

		0.359

		0.069

		0.055

		0.035

		0.105

		0.045

		0.040

		*

		0.016

		0.123



		35

		0.407

		0.368

		0.404

		0.302

		0.044

		0.034

		0.020

		0.072

		0.027

		0.023

		*

		0.008

		0.087



		40

		0.358

		0.319

		0.355

		0.255

		0.028

		0.021

		0.012

		0.050

		0.016

		0.014

		*

		0.004

		0.061



		45

		0.314

		0.276

		0.312

		0.215

		0.018

		0.013

		0.007

		0.034

		0.009

		0.008

		*

		0.002

		0.043



		50

		0.277

		0.240

		0.274

		0.181

		0.012

		0.008

		0.004

		0.024

		0.006

		0.005

		*

		0.001

		0.030



		55

		0.243

		0.208

		0.241

		0.153

		0.007

		0.005

		0.003

		0.016

		0.003

		0.003

		*

		*

		0.021



		60

		0.214

		0.180

		0.212

		0.129

		0.005

		0.003

		0.002

		0.011

		0.002

		0.002

		*

		*

		0.015



		65

		0.188

		0.156

		0.186

		0.108

		0.003

		0.002

		*

		0.008

		0.001

		0.001

		*

		*

		0.011



		70

		0.165

		0.135

		0.164

		0.091

		0.002

		0.001

		*

		0.005

		*

		*

		*

		*

		0.007



		75

		0.145

		0.117

		0.144

		0.077

		0.001

		0.001

		*

		0.004

		*

		*

		*

		*

		0.005



		80

		0.128

		0.102

		0.126

		0.065

		*

		*

		*

		0.002

		*

		*

		*

		*

		0.004



		85

		0.112

		0.088

		0.111

		0.055

		*

		*

		*

		0.002

		*

		*

		*

		*

		0.003



		90

		0.099

		0.076

		0.098

		0.046

		*

		*

		*

		0.001

		*

		*

		*

		*

		0.002



		95

		0.087

		0.066

		0.086

		0.039

		*

		*

		*

		*

		*

		*

		*

		*

		0.001



		100

		0.076

		0.057

		0.075

		0.033

		*

		*

		*

		*

		*

		*

		*

		*

		0.001
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Figure 5-2

Non-suppression curve plots: probability vs. time to suppression
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Attachment 1:  Data Summary Table


		BIN 16 HEAF Analysis

		# Events

		Total Duration

		AVG time/event

		Mean Suppression Rate (/min)



		NUREG/CR-6850

		3

		239

		79.67

		0.013



		NUREG/CR-6850 Supplement 1

		3

		276

		92.00

		0.011



		NUREG 2169

		8

		602

		75.25

		0.013



		International and US Fire Events

		29

		948

		32.69

		0.031



		International Events Only

		18

		563

		31.28

		0.032



		FAQ 17-0002 Proposed Values – US Events Only

		11

		385

		35.00

		0.029





Attachment 2: Fire Event Data Summary


		Unique Identifier

		BIN

		*Reference

		FEDB #

		Include/Exclude

		Reason for Include/


Exclude

		Outlier (Y/N)/ Basis

		Country

		Plant

		Date

		Event Title

		Component

		Voltage Level

		Location

		Fuel

		Damage Limited to Initial Component

		Extinguished by (all means involved)

		Time Data

		Duration [h:min]



		GER 20040823

		12

		1

		None

		Exclude - BIN 12

		Cable HEAF

		Yes - No suppression time available

		Germany

		GER009

		20040823

		Failure in the auxiliary power supply with consequential reactor scram

		high voltage cable

		10 kV

		outside the plant, Not switchyard, other cable room

		cable insulation materials

		No

		self- extinguished

		Unknown

		0:00



		USA 20100328

		12

		1

		None

		Exclude - BIN 12

		Cable HEAF

		N/A

		USA

		USA027

		20100328

		Plant trip due to electrical fault

		cable run (self-ignited): power cables

		4 kV

		turbine building

		cable insulation material

		No

		on-site plant fire brigade; people available in the fire area

		Unknown

		0:15



		GER 19790811

		16.b

		1

		None

		Exclude

		No suppression time is available

		N/A

		Germany

		GER027

		19790811

		High energy electric arc at circuit breaker and isolator

		circuit breaker (sub- distribution board)

		Unknown

		auxiliary building, room for ventilation

		cable insulation materials

		Yes

		self- extinguished

		Unknown

		Unknown



		USA 19840802

		16.a

		1, 2

		434

		Exclude

		Event time undetermined

		N/A

		USA

		Unknown

		19840802

		Electrical cabinets with HEAF

		Electrical cabinet

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown



		JPN 19850831

		16.b

		1

		None

		Include

		Bin 16

		N/A

		Japan

		JPN044

		19850831

		Fire at the cabinet containing 6.9 kV bus for start-up

		high or medium voltage electrical cabinet

		6.9 kV

		turbine building, switchgear room

		cable insulation materials

		Yes

		fixed extinguishing system, manually actuated; external fire brigade participated

		Unknown

		2:14



		GER 19860530

		16.a

		1

		None

		Include

		Bin 16

		N/A

		Germany

		GER011

		19860530

		Damage of the 380 V busbar CR (auxiliary power supply of train 4) by a fire

		bus bar

		380 V

		electrical building, cable spreading room

		cable insulation materials; other insulations

		No

		on-site plant fire brigade

		Unknown

		0:25



		KW 19870710

		16.1

		2, 4

		922

		Include

		Bin 16

		N/A

		USA

		Kewaunee

		19870710

		Bus-duct

		Bus duct

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown

		0:03



		GER 19870909

		16.b

		1

		None

		Include

		Bin 16

		N/A

		Germany

		GER022

		19870909

		Short circuit in the exciter system of an emergency diesel generator unit

		high or medium voltage electrical cabinet (emergency diesel)

		Unknown

		electrical building, switchgear room

		cable insulation materials

		Yes

		on-site plant fire brigade

		Unknown

		0:09



		GER 19880419

		16.b

		1

		None

		Include

		Bin 16

		N/A

		Germany

		GER024

		19880419

		Short circuit in the 220 kV/380 kV switchgear with consequential loss of offsite power

		high voltage switchgear

		220 kV

		switchyard

		hardly inflammable liquid

		Yes

		on-site plant fire brigade

		Unknown

		0:46



		USA 19880715

		16.2

		2, 4

		792

		Include

		Bin 16

		N/A

		USA

		Unknown

		19880715

		Iso-phase bus ducts

		Iso-phase bus ducts

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown

		0:05



		OC 19890103

		16.b

		2, 4

		947

		Include

		Bin 16

		N/A

		USA

		Oconee

		19890103

		During power escalation after startup following a trip a Fire occurred in the Unit 1 6900 V switchgear

		6.9 KV Switchgear

		6.9kV

		Switchgear Room

		Unknown

		Unknown

		fire brigade (water, CO2, dry chemical)

		1916-2002

		0:46



		GER 19890517

		16.a

		1

		None

		Include

		Bin 16

		N/A

		Germany

		GER025

		19890517

		Electric arc at a feeder control panel in the 380 V switchgear

		switchgear (380 V switchgear,  injection area)

		380 V

		electrical building, switchgear room

		cable insulation materials

		Yes

		people available in the fire area

		Unknown

		0:12



		GER 19890908

		16.b

		1

		None

		Include

		Bin 16

		N/A

		Germany

		GER001

		19890908

		Short circuit in the auxiliary electrical system

		high voltage switchgear (10 kV injection cell); circuit breaker

		10 kV

		electrical building, switchgear room

		cable insulation materials; plastics / polymeric materials

		No (multiple components)

		on-site plant fire brigade

		Unknown

		0:26



		USA 19900713

		16.b

		2, 4

		18

		Include

		Bin 16

		N/A

		USA

		Unknown

		19900713

		HEAF for medium voltage electrical cabinet (>1000V)

		Electrical cabinet

		>1kV

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown

		0:10



		FRA 19901030

		16.b

		1

		None

		Include

		Bin 16

		N/A

		France

		FRA042

		19901030

		Loss of a 6.6 kV emergency switchboard.

		high or medium voltage electrical cabinet

		6.6 kV

		electrical building, switchgear room

		cable insulation materials

		Yes

		shift personnel

		Unknown

		0:07



		FIN 19910412

		16.b

		1

		None

		Include

		Bin 16

		N/A

		Finland

		FIN001

		19910412

		Fire at 6.6 kV switchgear

		electrical cabinet, high or medium voltage (current transformer inside cabinet)

		6.6 kV

		electrical building, switchgear room

		cable             insulation materials,           other insulations

		No (multiple components)

		on-site plant fire brigade

		Unknown

		0:37



		USA 19911014

		16.b

		2, 4

		20284

		Include

		Bin 16

		N/A

		USA

		Unknown

		19911014

		HEAF - other electrical or electronic equip

		Unknown

		Unknown

		Unknown

		in-situ

		Yes

		Unknown

		Unknown

		0:02



		WF 19950610

		16.b

		2, 3, 4

		74

		Include

		Bin 16

		N/A

		USA

		Waterford

		19950610

		Fault on lightning arrestor in the switchyard, reactor trip, and then fire in a 4.16kV Non-safety related bus.  Damage limited "mainly" to breaker and adjoining cabinet

		fault in 230kV/34.5kV transformer, fire in 4.16kV Switchgear

		230kV/34.5kV transformer (4.16kV)

		TG Building

		Unknown

		No

		brigade (halon, CO2 and dry chem extinguishers), fire department (water)

		0858-1018

		1:20



		GER 19960208

		16.b

		1

		None

		Include

		Bin 16

		N/A

		Germany

		GER017

		19960208

		Disconnection of a main bus due to a short circuit in a switching module

		electrical cabinet (busbar, breaker subassembly)

		500 V

		auxiliary building, switchgear room

		cable insulation materials

		Yes

		on-site plant fire brigade

		Unknown

		0:17



		JPN 19960907

		16.1

		1

		None

		Include

		Bin 16

		N/A

		Japan

		JPN029

		19960907

		Fire of the bus-duct in the power supply room for the emergency diesel generator

		bus duct

		460 V

		reactor    building,    EDG switchgear room

		cable insulation materials

		No

		shift personnel; external fire brigade participated

		Unknown

		0:42



		DC 20000515

		16.1

		1, 2, 4

		100

		Include

		Bin 16

		N/A

		USA

		Diablo Canyon

		20000515

		Unit 1 unusual event due to a 12 kV bus fault and fire

		12kV bus, busbar/ bus duct

		12kV

		12kV Switchgear room, auxiliary building

		other solid material; plastics, solid material; plastics/ polymeric materials

		No

		fire brigade extinguished the small fire with C02

		0025-0100

		0:35



		FRA 20010119

		16.b

		1

		None

		Include

		Bin 16

		N/A

		France

		FRA008

		20010119

		Incipient fire on ultimate emergency diesel generator

		high or medium voltage electrical cabinet

		6.6 kV

		diesel generator building, electrical / process room

		other insulations, plastics / polymeric materials

		No (multiple components)

		self- extinguished

		Unknown

		0:05



		SG 20010203

		16.b

		1, 4

		437

		Exclude

		Duplicate

		This event occurs on the same day and at the same time as FEDB event 106. FEDB event 437 was not included in NUREG 2169.

		USA

		SONGS

		20010203

		Fire and RPS/ESF actuations caused by the failure of a Non-safety related 4.16 kV circuit breaker

		4.16kV bus 3A07

		4.16kV

		turbine switchgear room

		cable insulation, solid materials

		No second breaker in same bus failed & arced due to smoke

		fire brigade

		1514-1544

		0:31



		SG 20010203

		16.b

		2, 3, 4

		106

		Include

		Bin 16

		There are two entries in the FEDB for the same day and time (106 and 437). .NUREG 2169 cites only event 106

		SG

		SONGS

		20010203

		The event was caused when breaker x faulted which caused arcing, localized overheating and started a fire within the breaker cubicle.

		HEAF medium voltage electrical cabinet (>1kV)

		4kV

		Auxiliary building

		circuit breaker

		No

		on-site plant fire brigade, external fire brigade  participated

		1514-1544

		0:31



		Pr Isl 20010803

		16.b

		2, 4

		112

		Include

		Bin 16

		N/A

		USA

		Prairie Island

		20010803

		During startup, operators transferring power, closed breaker and breaker failed initiating a fire in bus cubicle.  It was a "c-phase to ground arcing event, which quickly involved all phases. The arcing led to actuation of the protective relaying, which resulted in a turbine/reactor trip"

		4 kV Bus

		4 kV

		Bus 12

		

		

		fire brigade

		Unknown

		1:30



		FRA 20010918

		16.b

		1

		None

		Include

		Bin 16

		N/A

		France

		FRA022

		20010918

		Loss of 400 kV power supply following a fire in the 6.6 kV AC Normal distribution system cubicle

		high or medium voltage electrical cabinet

		6.6 kV

		electrical building, switchgear room

		hardly    inflammable liquid, plastics / polymeric materials

		No (multiple components)

		shift personnel; external fire brigade participated

		Unknown

		1:11



		GER 20020811

		16.b

		1

		None

		Include

		Bin 16

		N/A

		Germany

		GER017

		20020811

		Fire in the 500 V switchgear of one train of the independent emergency system

		switchgear

		500 V

		independent emergency building,  switchgear room

		cable insulation materials

		No

		on-site plant fire brigade

		Unknown

		1:25



		GER 20021030

		16.b

		1

		None

		Include

		Bin 16

		N/A

		Germany

		GER009

		20021030

		HEAF with consequential fire occurred by exchange of a 0.4 kV switchgear subassembly

		switchgear

		400 V

		electrical building, room for electrical control equipment

		cable insulation materials

		No

		self- extinguished

		Unknown

		< 00:03



		VY 20040618

		16.2

		1, 2, 4

		127

		Include

		Bin 16

		N/A

		USA

		Vermont Yankee

		20040618

		Iso-phase bus duct two- phase electrical fault and fire with secondary fires

		22kV iso-phase bus

		22kV

		turbine building and yard (main xfmr)

		flammable liquid, hydrogen; other solid material

		No

		auto suppression, fire brigade extinguished using hose stream and nearby hydrant

		0640-0717

		0:37



		CAN 20051015

		16.a

		1

		None

		Include

		Bin 16

		N/A

		Canada

		CAN004

		20051015

		Electrical arc resulting in injury

		low voltage electrical cabinet

		600 V

		electrical building, switchgear room

		cable insulation materials

		Yes

		on-site plant fire brigade

		Unknown

		< 00:05



		GER 20080314

		16.b

		1

		None

		Include

		Bin 16

		N/A

		Germany

		GER003

		20080314

		Fire in a circuit breaker and switch-off of the emergency busbar FB

		high voltage circuit breaker

		660 V

		electrical building, switchgear room

		plastics / polymeric materials

		Yes

		on-site plant fire brigade

		Unknown

		0:34



		USA 20080727

		16.1

		2, 4

		10584

		Exclude

		No suppression time is available

		Indeterminate Supp Time

		USA

		Unknown

		20080727

		HEAF for segmented bus duct

		HEAF for segmented bus duct

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown

		Unknown



		CO 20090805

		16.b

		2, 4

		162

		Include

		Bin 16

		event duration Not well established

		USA

		Columbia

		20090805

		Cable tray HEAF?

		Non-safety related 6.9kV feed bus

		7KV

		Turbine Building

		Insulation

		confined to floor of origin

		self-extinguished

		0750-0811

		0:46



		CZE 20100217

		16.a

		1

		None

		Include

		Bin 16

		N/A

		Czech Republic

		CZE003

		20100217

		Fire at 0.4 kV switchgear

		switchgear

		0.4 kV

		electrical building, switchgear room

		cable insulation materials

		Yes

		on-site plant fire brigade

		Unknown

		0:05



		JPN 20110311

		16.b

		1

		None

		Consider Excluding

		Seismic event initiates the HEAF and may explain the significant duration time compared to other events

		Yes - duration is significantly greater than all other reported events

		Japan

		JPN022

		20110311

		Seismic induced arcing fault in Non-emergency metal clad (M/C) switchgear cabinet

		high or medium voltage electrical cabinet

		6.9 kV

		turbine building, switchgear room

		cable insulation materials

		No

		on-site fire brigade

		Unknown

		7:58



		USA 20050825

		21

		2, 4

		135

		Exclude

		A condensate pump is the initiating component

		N/A

		USA

		Unknown

		20050825

		Electrical Failure (overheating, spark, HEAF)  Contained to the object of origin

		electric motor driven pumps

		7KV

		Turbine Building

		in-situ

		Yes

		fire brigade

		1125-1317

		



		SWD 20060915

		21

		1

		None

		Exclude

		Pump

		N/A

		Sweden

		SWD007

		20060915

		Fire in a 6 kV electrical cabinet in room D2.21, cabinet feed power to the pump 725 P1. A breaker in the cabinet is burning

		electrically driven pump

		6 kV

		turbine building, process room

		other solid material

		No

		on-site plant fire brigade

		Unknown

		1:05



		USA 20061212

		21

		1, 4

		1

		Exclude

		The circ water pump is the initiating component,

		N/A

		USA

		USA066

		20061212

		Automatic reactor trip due to circulating water pump surge capacitor failure

		electrically driven pump

		12 kV

		intake building, process room

		capacitor,    insulation material

		Yes

		on-site plant fire brigade

		0025-0100

		0:34



		USA 20070925

		21

		4

		10472

		Exclude

		The fault originated in a circ water pump

		N/A

		USA

		Unknown

		20070925

		HEAF - other electrical or electronic equip

		Unknown

		Unknown

		Unknown

		in-situ

		Yes

		Unknown

		Unknown

		Unknown



		SWD 20061114

		23

		1

		None

		Exclude

		A transformer is the originating component

		N/A

		Sweden

		SWD010

		20061114

		Fire in transformer supplying the 6 kV on-site electrical systems train A and C from the generator 20 kV busbar c

		medium or low voltage transformer - oil filled

		6 kV / 20 kV

		outside plant buildings

		hardly inflammable liquid

		No

		on-site plant fire brigade; external fire brigade  participated

		Unknown

		2:40:00



		GER 20070628

		23

		1

		None

		Exclude

		The main transformer is the initiating component

		N/A

		Germany

		GER014

		20070628

		Reactor trip caused by a temporary loss of station service supply due to a short circuit with a subsequent fire in a generator transformer

		high voltage transformer (main transformer)

		400 kV

		other building / area, other type of room

		flammable liquid, paper, wood

		Yes

		fixed extinguishing system, automatically actuated; on-site plant fire brigade; external fire brigade participated

		Unknown

		6:58



		SPN 19880622

		27

		1

		None

		Exclude

		The main transformer is the initiating component

		N/A

		Spain

		SPN001

		19880622

		Trip of main transformer, followed by fire in phase "S" due to manufacturing defect. Subsequently, turbine trip and, with permissive P- 7, reactor trip

		high voltage transformer (main transformer)

		20 kV /400 kV

		outside plant buildings (Not switchyard)

		hardly inflammable liquid

		Yes

		fixed extinguishing system, actuated; on- site plant fire brigade; shift personnel

		Unknown

		0:58



		SPN 19880820

		27

		1

		None

		Exclude

		The main transformer is the initiating component

		N/A

		Spain

		SPN001

		19880820

		Trip of main transformer, followed by fire in phase "S" due to manufacturing defect. Subsequently, turbine trip and, with permissive P- 7, reactor trip

		high voltage transformer (main transformer)

		20 kV / 400kV

		outside plant buildings (Not switchyard)

		hardly inflammable liquid

		Yes

		fixed extinguishing system, actuated; on- site plant fire brigade; shift personnel

		Unknown

		0:15



		SPN 19881202

		27

		1

		None

		Exclude

		The main transformer is the initiating component

		N/A

		Spain

		SPN001

		19881202

		Main transformer tripped, followed by fire in phase "R"

		high voltage transformer (main transformer)

		20 kV /400 kV

		outside plant buildings (Not switchyard)

		hardly inflammable liquid

		Yes

		fixed extinguishing system, actuated; on- site plant fire brigade; shift personnel

		Unknown

		Unknown



		CZE 19940203

		27

		1

		None

		exclude

		A transformer is the originating component

		N/A

		Czech Republic

		CZE003

		19940203

		Fire of the station service load transformer 3BT02 caused by a defect on the power part of the branch lines switch followed by an explosion

		medium and low voltage transformer - oil filled

		15.75 kV/ 6 kV

		outside the plant, Not switchyard,  voltage transformers near to main transformer

		flammable liquid

		No

		on-site plant fire brigade

		Unknown

		0:16



		USA 20000524

		27

		2, 4

		50701

		Exclude

		Binned as "Transformer Yard" in NUREG 2169

		N/A

		USA

		Unknown

		20000524

		HEAF - other electrical or electronic equipment

		XFMR

		Unknown

		Yard

		in-situ

		Yes

		automatic suppression

		Unknown

		Unknown



		KOR 20010130

		27

		1

		None

		Exclude

		The main transformer is the initiating component

		N/A

		Korea

		KOR010

		20010130

		High energy arcing fault on phase ‘B’ of the main transformer which led to the reactor trip

		high voltage transformer (main transformer)

		22/345kV

		outside plant buildings

		insulation material

		Yes

		self- extinguished

		Unknown

		0:00



		KOR 20020422

		27

		1

		None

		Exclude

		The main transformer is the initiating component

		N/A

		Korea

		KOR001

		20020422

		Fire on the main transformer leading to a generator trip

		high voltage transformer (main transformer)

		> 50 kV

		outside

		flammable liquid

		Yes

		fixed extinguishing system, automatically actuated,

		Unknown

		0:13



		FRA 20040929

		27

		1

		None

		Exclude

		The main transformer is the initiating component

		N/A

		France

		FRA035

		20040929

		Electric fault on the main transformer leading to a reactor trip

		high voltage transformer (main transformer)

		> 50 kV

		other building

		cable insulation materials

		Yes

		shift personnel

		Unknown

		0:20



		USA 20080816

		27

		4

		127

		Exclude

		The main transformer is the initiating component

		N/A

		USA

		Unknown

		20080816

		Transformer oil - HEAF confined to object of origin

		Main bank transformer

		13kV or greater

		Main Transformer or Switch Yard

		XFMR oil

		Yes

		Unknown

		2357-0202

		2:05



		USA 20090201

		27

		4

		157

		Exclude

		The main transformer is the initiating component

		N/A

		USA

		Unknown

		20090201

		Transformer oil - HEAF confined to object of origin

		Main transformer

		13kV or greater

		Main Transformer or Switch Yard

		XFMR oil

		Yes

		Unknown

		2156-2227

		0:31



		FRA 20100725

		27

		1

		N/A

		Exclude

		The main transformer is the initiating component

		N/A

		France

		FRA012

		20100725

		Automatic shutdown of the reactor following an explosion and a consequential fire on the main power transformer

		high voltage transformer (main transformer)

		225 kV

		switchyard (transformer room / bunker)

		hardly inflammable liquid, cable

		No

		fixed extinguishing system, automatically actuated; on- site plant fire brigade; external fire brigade participated

		Unknown

		2:45



		USA 20021003

		28

		1, 2, 4

		116

		Exclude

		A transformer is the originating component

		N/A

		USA

		USA095

		20021003

		Failure of start-up transformer ST 20

		high voltage transformer

		> 50 kV

		transformer yard

		hardly inflammable liquid

		Yes

		fixed extinguishing system

		1513-1738

		< 00:10



		USA 20051029

		28

		1, 2, 4

		137

		Exclude

		A yard transformer is the originating component

		N/A

		USA

		USA064

		20051029

		Reactor trip due to main transformer fault and fire

		high voltage transformer

		> 50 kV

		outside the plant building (Not switchyard), main transformer

		hardly inflammable liquid

		Yes

		fixed extinguishing system; on-site plant fire brigade

		Unknown

		0:28



		USA 20070406

		28

		1, 2, 4

		148

		Exclude

		A yard transformer is the originating component

		N/A

		USA

		USA043

		20070406

		Automatic reactor trip due to a turbine generator trip caused by a fault on the 31 main transformer phase B high voltage bushing

		high voltage transformer

		34.5 kV

		transformer yard

		hardly inflammable liquid

		Yes

		on-site plant fire brigade

		Unknown

		0:12



		USA 19991009

		29

		1, 2, 4

		7

		Exclude

		A yard transformer is the originating component

		N/A

		USA

		USA039

		19991009

		Under voltage actuation due to a loss of reserve station service transformer

		busbar

		4.16 kV

		outside turbine building

		cable connector / insulation materials

		Yes

		on-site plant fire brigade

		Unknown

		0:09



		FRA 20030830

		29

		1

		None

		Exclude

		A transformer is the originating component

		N/A

		France

		FRA024

		20030830

		Explosion of an oil-filled current transformer leading to a fire in the 400 kV platform

		high voltage transformer (current transformer)

		6.6 kV / 400 kV

		switchyard

		hardly inflammable liquid

		No

		fixed extinguishing system, manually actuated; shift personnel; external fire brigade  participated

		Unknown

		0:48



		CAN 20050415

		29

		1

		None

		Exclude

		A transformer is the originating component

		N/A

		Canada

		CAN002

		20050415

		Unit 6 forced outage due to M.O.T. failure

		high voltage transformer

		500 kV

		switchyard, switchgear room

		flammable liquid (transformer insulating oil)

		Yes

		fixed extinguishing system, automatically actuated

		Unknown

		< 00:08



		FIN 20060927

		29

		1

		None

		Exclude

		A transformer is the originating component

		N/A

		Finland

		FIN002

		20060927

		Voltage transformer fire due to human error during maintenance outage

		medium or low voltage transformer - oil filled

		15.1 kV

		outside the plant (Not switch yard), voltage transformers near to main transformer

		hardly inflammable liquid,; other insulations

		No (multiple components)

		on-site plant fire brigade (one fire); self- extinguished (another fire)

		Unknown

		0:05



		JPN 20070716

		29

		1

		None

		Exclude

		A transformer is the originating component

		N/A

		Japan

		JPN047

		20070716

		House transformer fire induced by the Niigata- Chuetsu-Oki earthquake

		medium or low voltage transformer - oil filled

		19 kV /6.9 kV

		outside

		flammable liquid

		Yes

		fixed extinguishing system, manually actuated; external fire brigade participated

		Unknown

		1:55



		SWD 20021030

		33

		1

		None

		Exclude

		The rectifier is part of the exciter for the turbine.

		N/A

		Sweden

		SWD007

		20021030

		Auto fire alarm about an arc event in a rectifier. The failure led to stop of one turbine.

		rectifier

		600 V

		turbine building, process room

		other solid material; plastics / polymeric materials

		No (multiple components)

		on-site plant fire brigade; external fire brigade participated

		Unknown

		2:31



		USA 20011026

		9999

		4

		10624

		Exclude

		Fire originated in the primary power distribution pole that feeds the HEEC transformer.

		N/A

		USA

		Unknown

		20011026

		HEAF - other electrical or electronic equip

		Unknown

		Unknown

		Unknown

		in-situ

		No

		Unknown

		Unknown

		Unknown



		USA 20080917

		9999

		4

		50566

		Exclude

		basket contacts power line causing explosion

		N/A

		USA

		Unknown

		20080917

		HEAF - other electrical or electronic equip

		Unknown

		13kV or greater

		Unknown

		in-situ

		Yes

		self-extinguished

		0930-unknown

		<0:05



		SWD 20110510

		9999

		1

		None

		Exclude

		Vacuum Cleaner

		N/A

		Sweden

		SWD008

		20110510

		Fire in the reactor  containment: Arc in an electrical part in the portable vacuum cleaner

		vacuum cleaner

		Unknown 

		containment

		plastics / polymeric materials

		No

		self - extinguished

		Unknown

		Unknown



		USA 20020612

		SB4

		1, 2, 4

		113

		Exclude

		"Special bin, Not FPRA applicable" per NUREG 2169

		Yes, special Bin

		USA

		USA059

		20020612

		Switchyard fire in 34.5 kV circuit breaker

		high voltage breaker

		34.5 kV

		switchyard

		flammable liquid

		Yes

		on-site plant fire brigade

		Unknown

		Unknown





*Reference 1: NEA/CSNI/R(2013)6,  Nuclear Energy Agency OECD Fire Project – Topical Report No. 1, “Analysis of High Energy Arcing Fault (HEAF) Fire Events,” June 25, 2013


*Reference 2: NUREG 2169, “Nuclear Power Plant Fire Ignition Frequency and Non-Suppression Probability Estimation Using the Updated Fire Events Database,” December 2014


*Reference 3: NUREG/CR-6850 Supplement 1, “Fire Probabilistic Risk Assessment Methods Enhancements,” September 2010


*Reference 4: EPRI 1025284, The Updated Fire Events Database: Description of Content and Fire Event Classification Guidance,” July 2013 



