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 J.1 Purpose: 
 
The purpose of this appendix is to provide implementing guidance to the nuclear industry 
for application of the results presented in Joint Assessment of Cable Damage and 
Quantification of Effects from Fires (JACQUE-FIRE), NUREG/CR-7150 Volume 1 / 
EPRI 1026424, “Phenomena Identification and Ranking Table (PIRT) Exercise for 
Nuclear Power Plant Fire-Induced Electrical Circuit Failure”, Joint Assessment of Cable 
Damage and Quantification of Effects from Fires (JACQUE-FIRE), NUREG/CR-7150 
Volume 2 / EPRI 3002001989, “Expert Elicitation Exercise for Nuclear Power Plant 
Fire-Induced Electrical Circuit Failure into the evaluation of fire-induced circuit failures 
in the post-fire safe shutdown analysis” and NUREG/CR-7150 Volume 3, JACQUE-
FIRE Volume 31.  NUREG/CR-7150 Volume 1 may also be referred to as the “PIRT 
Report.”  The group who prepared the PIRT Report may also be referred to in this 
appendix as the “PIRT Panel”.  NUREG/CR-7150 Volume 2 may also be referred to as 
the “PRA Expert Panel Report”.  The group who prepared the Expert Panel Report may 
also be referred to in this appendix as the “PRA Expert Panel”.  When referred to as a 
group in this appendix, these two reports may also be referred to as JACQUE-FIRE 
Volume 1 and 2.  The justification for any differences identified in the work by the PIRT 
Panel and the PRA Expert Panel are reconciled in NUREG/CR-7150 Volume 3, 
JACQUE-FIRE Volume 3 by the JACQUE-FIRE Volume 3 Working Group.   
 
The documents involved in this process are depicted in Figure J-1 below.  
 

 
 

Figure J-1 
 

                                                 
1 Seven of the eight members of the Working Group for JACQUE-FIRE Volume 3 were members of the 
PIRT Panel for JACQUE-FIRE Volume 1.  Three of these seven members were also part of the PRA 
Expert Panel Process for JACQUE-FIRE Volume 2.  
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Included in this appendix is the guidance for: 
 

• determining the revised or new fire-induced circuit failure criteria that apply to 
conductors for (refer to Tables J-1 and J-2): 
 

o All “post-fire safe shutdown components”, and 
o The subset of post-fire safe shutdown components classified as “high 

impact components” 2 . 
 

• determining the “incredible” circuit failure types that do not need to be considered 
or that, based on the electrical characteristics of the control circuit cannot occur. 
 

Additionally, this appendix determines 
  

• the “high impact” set of components to which more conservative, i.e., 
“implausible”, fire-induced circuit failure criteria apply (refer to Table J-3), 

o Refer to Section J.3.1 for the list of “high impact components” to be 
considered in the post-fire safe shutdown analysis.   

 
The conductors for “high impact components” identified in this appendix are the set of 
conductors for which assurance is to be provided such that, even if conductors for these 
components are affected by any of the fire-induced circuit failures classified as 
“implausible”, there is still an acceptable means of mitigating the effects of the fire-
induced failures without affecting the ability to safely shutdown in the event of a plant 
fire.  By applying the classification of “high impact” to the conductors for these 
components, it is assured that the basis for achieving post-fire safe shutdown is not solely 
based on the low likelihood of certain fire-induced circuit failures.  
 
J.2 Background: 
 
The information in this appendix has been extracted from JACQUE-FIRE Volume 1 and 
merged with the insights from JACQUE-FIRE Volume 2.  Where appropriate, 
justification addressing any of the differences between JACQUE-FIRE Volumes 1 and 2 
has been included in JACQUE-FIRE Volume 3. 
 
JACQUE-FIRE Volume 1 provided input to the PRA Expert Panel who developed hot 
short induced spurious operation conditional probabilities, as documented in 
NUREG/CR-7150, Volume 2. 
  

                                                 
2 The term “high impact component” was described using the term “high consequence component” in 
previous drafts of NEI 00-01, Appendix J (e.g., ML13294A606) and in industry meetings.  In order to 
avoid potential confusion with other uses of the term “high consequence” in Fire PRA applications (e.g., 
NUREG/CR-6850 Vol. 1 Section 2.3.2.1 and Vol. 2 Section 2.5.6), the term has been changed to “high 
impact component” in NEI 00-01. 
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This appendix will provide input, along with the justification in NUREG/CR-7150, 
Volume 3, for consideration by the NRC’s Office of Nuclear Reactor Regulation (NRR) 
in revising the existing circuit failure criteria and guidance used in the deterministic post-
fire safe shutdown analysis. 
 
The revised circuit failure criteria may have applicability to licensees maintaining 
compliance under 10 CFR 50, Appendix R (or their fire protection license condition), as 
well as to licensees transitioning to NFPA 805 under 10 CFR 50.48(c).  
 
As a part of the JACQUE-FIRE Project, the results of recent cable fire testing, conducted 
to assess the likelihood of hot shorts causing spurious operations, was reviewed in detail.  
The assessments summarized in JACQUE-FIRE Volumes 1, 2 and 3 supersede the 
assessments provided in Reference 4, Expert Elicitation Process for the NEI EPRI Cable 
Fire Testing.  The cable fire test data reviewed includes results from: 
 

• EPRI 1003326, “Characterization of Fire-Induced Circuit Faults: Results of Cable 
Fire Testing,” Electric Power Research Institute, Palo Alto, California, December 
2002 (Reference 3), 
 

• NRC NUREG/CR-6931, Vol. 1, “Cable Response to Live Fire (CAROLFIRE) 
Volume 1: Test Descriptions and Analysis of Circuit Response Data,” April 2008 
(Reference 5), and 

 
• NRC NUREG/CR-7100, “Direct Current Electrical Shorting in Response to 

Exposure Fire (DESIREE-FIRE): Test Result” April 2012 (Reference 8). 
 

The data analysis for the characteristics determined by the PIRT Panel to be of most 
importance to hot shorts causing spurious operations was analyzed in NUREG-2128 – 
Electrical Cable Test Results and Analysis During Fire Exposure (ELECTRA-FIRE) 
(Reference 2).  Reference 2 used the test results from References 3, 5 and 8 to determine 
the actual number of occurrence for each of the circuit characteristics determined by the 
PIRT Panel to be of importance.  The PIRT report used the data analysis from Reference 
2 and applied specific circuit failure types to typical circuit designs considered most 
representative of the circuit designs used throughout the commercial nuclear power 
industry.  This information was used by the PIRT Panel to make determinations as to 
whether specific circuit failure types were plausible, implausible or incredible.  Note: The 
PIRT Report used both “plausible” and “possible” to refer to the same circuit failure 
types. This appendix uses “plausible” to represent both “plausible” and “possible.” 
 
Section 2.1.3 of the PIRT Report provides the following definitions to aid in classifying 
the specific circuit failure types reviewed by the PIRT Panel. 
 

Incredible – “The term “incredible” used in conjunction with the 
phenomenon of a fire-induced circuit failure, signifies the PIRT panel’s 
conclusion that the event will not occur. In these cases, the PIRT panel 
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could find no evidence of the phenomenon ever occurring, and there were 
no credible engineering principles or technical arguments to support its 
happening during a fire.  Any likelihood value assigned to these types of 
phenomena would have little meaning.” 

 
Circuit failure types classified as “incredible” do not need to be considered in a 
deterministic or risk-informed (e.g., Fire PRA, NFPA 805) post-fire safe shutdown 
analysis.  Licensees may use this appendix as the basis for removing consideration of 
these circuit failure types from their Current Licensing Basis (CLB).  Removing these 
circuit failure types from consideration in a licensee’s CLB was evaluated by the PIRT 
Panel as having no adverse effect on the ability to achieve and maintain safe shutdown in 
the event of a fire (i.e., pass the criteria in the standard fire protection license condition 
for plants that have not transitioned to NFPA 805 under 10 CFR 50.48(c)) using the 
information in this appendix. 
 

Implausible – “The term “implausible” when used in conjunction with a 
fire-induced circuit failure phenomenon, supports the PIRT Panel’s 
conclusion that the happening, while theoretically possible, would require 
the convergence of a combination of factors that are so unlikely to occur 
that the likelihood of the phenomenon can be considered statistically 
insignificant.  In these cases, the PIRT Panel could find no evidence of the 
phenomenon ever occurring neither in operating experience nor during a 
fire test.  Any likelihood value assigned to these types of phenomena would 
have little meaning.” 

 
The term “implausible” was used by the PIRT Panel to describe circuit failure types that, 
although theoretically possible, are considered to have a likelihood that is statistically 
insignificant.  It is the position of the industry that circuit failure types classified as 
“implausible” in the PIRT Report only need to be considered in the post-fire safe 
shutdown evaluation for conductors for “high impact components” since the consequence 
of the fire-induced failure of conductors for these components is considered significant 
enough to warrant additional conservatism in the analysis.  To support this position, this 
appendix provides a definition of “high impact components.”  Conservatively defining a 
set of “high impact components” provides assurance that the low likelihood of circuit 
failures is not the sole means of assuring the ability to achieve and maintain safe 
shutdown in the event of a plant fire. 
 
Finally, the PIRT Report identified a new plausible fire-induced circuit failure type called 
a Ground Fault Equivalent Hot Short (GFEHS).  This new failure type is described in this 
appendix. 
 
In Table 3-3 of JACQUE-FIRE Volume 1, the PIRT Panel deferred classification for the 
double break design with target and aggressor conductors having thermoplastic 
insulation.  The classification of this circuit failure type is addressed in this Appendix in 
Table J-2.  Refer to Change 4 in the Technical Justification for Appendix J in JACQUE-
FIRE Volume 3.      
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With a few exceptions, the PRA Expert Panel used the input from the PIRT Report as a 
starting point in determining the probability of occurrence of each of the fire-induced 
circuit failure modes described in JACQUE-FIRE Volume 1.  One notable exception was 
that the PRA Expert Panel removed consideration of the insulation characteristics of the 
aggressor (i.e., source) conductor because of the difficulty in tracking, in a configuration 
control program, the insulation characteristics of all possible aggressor (i.e., source) 
conductors.  As a result, many of the specific circuit failure modes identified by the PIRT 
Panel did not have a specific corresponding probability of failure determined.  This made 
a one-to-one comparison of the conclusions of JACQUE-FIRE Volume 1 and 2 not 
possible.   
 
Despite this, the insights from JACQUE-FIRE Volume 2 are useful in enhancing the 
qualitative judgements made by the PIRT Panel in JACQUE-FIRE Volume 1. 
 
The appropriate enhancements have been included into this appendix.  Where differences 
between JACQUE-FIRE Volume 1 and 2 altered the qualitative judgements made in 
JACQUE-FIRE Volume 1, the technical justification for the final position(s) provided in 
this appendix is documented in JACQUE-FIRE Volume 3.      
 
J.3 Guidance: 
 
Provided below is guidance for determining: 
 

• the components in a post-fire safe shutdown analysis that are to be considered as 
“high impact components”,  
 

• the circuit failure types that need to be evaluated in a post-fire safe shutdown 
analysis for conductors associated with cables for individual components, and 

 
• the component classifications to which each type of fire-induced circuit failure 

needs to be applied.  
 
An understanding of the components classified as “high impact components” is crucial to 
the application of the revised circuit failure criteria, since circuit failures classified as 
“implausible” must be applied only to conductors for components classified as “high 
impact”.  Incredible circuit failures no longer need to be considered in the post-fire safe 
shutdown analysis.  Plausible circuit failures need to be addressed for all post-fire safe 
shutdown components. 
 
J.3.1 High Impact Components: 
 
Based on the collective judgment of the JACQUE-FIRE Volume 3 Working Group, the 
following criteria were applied to determine conductors that are associated with “high 
impact components”.   
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• The target conductor(s) is(are) associated with cabling for a “high/low pressure 
interface” component as defined in Appendix C of NEI 00-01. 
 

• The target conductor(s) is(are) associated with cabling for a single component or 
single signal that, due to a fire-induced hot short spurious operation, could cause a 
transient that results in an unrecoverable condition leading to fuel damage.  (Note:  
This spurious operation is independent of, but must be combined with “fire 
damage” effects, i.e., fire induced circuit failures that are not associated with fire–
induced hot short spurious operations.) 

 
The “high impact components” resulting from this review are summarized below and 
listed in Table J-3.  These components are all components whose spurious operation 
could result in a transient that could result in an unrecoverable condition leading to fuel 
damage.  Components classified as “required for hot shutdown” are not included in this 
list since “required for hot shutdown” components must be protected from any fire 
damage and not just from a spurious operation.  Protecting “required for hot shutdown” 
components from any fire damage assures that the set of components classified as 
“required for hot shutdown” will be available to perform their post-fire safe shutdown 
function to protect the fuel.     
 
The Working Group members for JACQUE-FIRE Volume 3 identified four (4) generic 
cases that meet the definition of “high impact”.  Refer to Table J-3 for additional 
discussion.  The “high impact components” to be considered in the post-fire safe 
shutdown analysis are described below for each reactor type.  “Implausible” circuit 
failure types are to be applied to these “high impact components”.  
 
For BWRs: 
 

• Spurious opening of both shutdown cooling suction valves (classified as 
“high/low pressure interfaces”) 
 

• Spurious opening of multiple Safety Relief Valves (SRVs) and failure (due to fire 
damage” effects) of a sufficient number of low pressure make-up systems such 
that the inventory loss is not bounded by design basis accident analysis. 

 
For PWRs: 
 

• Spurious opening of the shutdown cooling suction valves (to SDC/LPSI/RHR – 
the “high/low pressure interfaces”) 
 

• Spurious opening of one or more Pressurizer Power Operated Relief Valves 
(PORVs) and failure (due to “fire damage” effects) of its associated block valve 
to close or remain closed. 
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With respect to “high impact components”, fire-induced circuit failures classified as 
“implausible” must be considered. 
 
Refer to Section J.3.2 for a discussion of the “implausible” circuit failure types that apply 
specifically to cables for “high impact components”.   
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J.3.2 Circuit Failure Considerations: 
 
The PIRT Panel provided technical recommendations on certain aspects of fire-induced 
circuit failures associated with control and power circuits in the analyses of post-fire safe 
shutdown circuits for conductors associated with cables for individual components.  For 
the criteria for addressing multiple spurious operations (MSOs), refer to Chapters 3 and 
4.   The recommendations provided by the PIRT Panel included consideration of the 
conductor insulation type for both target and aggressor conductors.  In developing the 
probabilities of occurrence for these circuit failure types, the PRA Expert Panel 
eliminated consideration of the conductor insulation type for the aggressor (i.e., source) 
conductor.  In developing the final positions in this Appendix, the JACQUE-FIRE 
Volume 3 Working Group also eliminated any consideration for the insulation type on 
the aggressor conductor.  Refer to Change 1 in the Technical Justification for Appendix J 
in JACQUE-FIRE Volume 3 for the justification for eliminating consideration of the 
insulation type on the aggressor (i.e., source) conductor.     
 
The conclusions of the PIRT Panel related to control circuits were reviewed by the PRA 
Expert Panel.  The PRA Expert Panel did not review the conclusions of the PIRT Panel 
relative to power circuits.  The JACQUE-FIRE Volume 3 Working Group reviewed the 
conclusions from JACQUE-FIRE Volume 1 with enhancements from the insights from 
the PRA Expert Panel from JACQUE-FIRE Volume 2.  The final positions from all of 
these reviews are summarized below and in Tables J-1 and J-2.  Additionally, the thought 
process behind any changes in classification between JACQUE-FIRE Volumes 1 and 2 
are described below and the justification for the final position described below is 
documented JACQUE-FIRE Volume 3. 
 

i. Power Circuits:  Based on the evaluation of the Industry and NRC Cable Fire 
Testing by the JACQUE-FIRE Volume 1, 2 and 3 Panels, the following 
conclusions are reached relative to power circuits. 

 
The following circuit failure types are incredible with no exceptions: 
 

• The spurious operation of a three-phase AC motor due to proper polarity 
hot shorts on three-phase power cabling. 
 

• The spurious operation of DC compound-wound motor due to proper 
polarity hot shorts in the motive/power cabling.   

 
• The ignition of a secondary fire from an open circuited CT secondary 

circuit for CT applications up to15kV primary circuit voltage.   
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The following circuit failure types are incredible with the exceptions noted: 
 

• The guidance given in Nuclear Energy Institute, NEI 00-01, Rev. 2, 
Appendix B.1, can be applied to post-fire safe-shutdown methodologies 
used for Appendix R Section III.G and III.L, as well as, NFPA 805 for 
addressing concerns associated with Multiple High Impedance Faults 
(MHIFs).  (Note: Appendix B.1 of NEI 00-01, Rev. 2 offers a basis for 
concluding that MHIFs need not be considered for any circuits damaged 
by the fire provided the breaker for that circuit is coordinated and provided 
the breaker has been appropriately tested and is appropriately maintained, 
as discussed in that Appendix). 

ii. Control Circuits:  Based on the evaluation of the Industry and NRC Cable Fire 
Testing by the JACQUE-FIRE Volume 1, 2 and 3 Panels, the following 
conclusions are reached relative to Control Circuits.   

a. Single Break Designed Circuits: Table J-1 and the descriptions below 
provide a summary of the conclusions for single break designed circuits. 

i. Intra-cable, inter-cable and ground fault equivalent hot shorts 
are classified as “plausible” for all cases with the following 
exceptions:   

[Refer to Change 2 in the Technical Justification for Appendix 
J in JACQUE-FIRE Volume 3 for the justification for the 
change in classification from “implausible” to “plausible” for 
an inter-cable hot short on thermoset insulated conductors.] 

1. Inter-cable hot shorts on grounded metal foil shield 
wrap and armored cables are classified as “incredible” 
since the source conductor will be grounded prior to 
contacting a target conductor.  The metal foil shield 
wrap, however, must be robust, i.e., it must be of 
substantial physical characteristics, e.g., a zinc or 
copper spirally wound tape, rather than an aluminized 
mylar overwrap.  The shield wrap or the armor prevents 
a conductor from an external cable from interfacing 
directly with the target conductor.  A GFEHS on the 
metal foil shield or armor, however, can cause a 
spurious operation of an ungrounded AC or DC circuit.  
The plausibility of this phenomenon is addressed in the 
Column for Ground Fault Equivalent Hot Short in 
Table J-1. 
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2. Inter-cable hot shorts on grounded AC circuits, where 
the cable has a grounded, uninsulated drain wire, are 
classified as “implausible” due to the high likelihood of 
grounding of the source conductor through the 
grounded, uninsulated drain wire.  This classification 
applies to both thermoset and thermoplastic insulated 
conductors. 

3. The special case referred to in Note c on Table J-1 for 
the case of ungrounded AC circuit from an individual 
CPT.  Refer to Change 3 in the Technical Justification 
for Appendix J in JACQUE-FIRE Volume 3 for the 
justification for the treatment of ungrounded AC 
circuits.  Typically, an ungrounded AC circuit from an 
individual CPT will have multiple control cables as a 
part of the circuit including one (1) cable running from 
the MCC to the valve and one (1) cable running from 
the MCC to the Control Room.  With this 
configuration, depending on the routing of the two (2) 
cables, interactions between the two (2) cables, either 
an inter-cable hot short or GFEHS, can cause a spurious 
operation.  For the case where the target conductor 
required for the spurious operation is isolated from any 
other conductors associated with the CPT powering the 
circuit, a single inter-cable hot short or a GFEHS 
cannot cause a spurious operation.   
 
The figures below describe this circuit.   
 
For this special case, a spurious operation cannot be 
caused by a single inter-cable hot short (or GFEHS) 
since there is no hot leg conductor from the same CPT 
with the potential to interact with the target conductor 
that can be affected by the same fire, refer to Figure J-2.   
 
For a spurious operation to occur, either two (2) inter-
cable hot shorts or an inter-cable hot short in 
combination with a GFEHS from a common power 
source would be required, refer to Figure J-3.   
 
If the aggressor circuit were a grounded AC circuit, 
then a spurious operation could occur with one (1) 
inter-cable hot short and a ground, refer to Figures J-4 
and J-5.   
 
This latter combination of fire-induced circuit failures 
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is similar to the types of circuit failures required to 
cause a spurious operation in a double break designed 
circuit.  Therefore, this special case would be classified 
as “incredible” for non-latching designs and 
“implausible” for latching designs, refer to Sections b.v 
and b.vi below.  Also refer to the Change 4 in Technical 
Justification for Appendix J contained in JACQUE-
FIRE Volume 3 for the justification for this 
classification.    
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AOV/SOV

Valve Open

Target Circuit -
Ungrounded AC

Inter-Cable Hot Short

CPT CPT

Aggressor Circuit – 
Grounded AC

Sub-case 1 – Single Inter-cable Hot short

Target Conductor for Spurious 
operation [Isolated]

Possible Spurious Operations:
1. Spurious Operation not possible since the single inter-cable hot short is from 
a separate CPT. 

 

Figure J-2 

 

AOV/SOV

Valve Open

Target Circuit - 
Ungrounded AC

Inter-Cable Hot Short

CPT CPT

Aggressor Circuit – 
Ungrounded AC

Inter-Cable Hot Short

or

Sub-case 2 – Multiple Inter-cable Hot Shorts or 
Single Inter-cable Hot Short & GFEHS

Target Conductor for Spurious 
operation [Isolated]

GFEHS with neutral leg inter-cable hot short

or

GFEHS with hot leg inter-cable hot short

Possible Spurious Operations:
1. Two (2) inter-cable hot shorts.
2. One (1) inter-cable hot short (hot leg) and one (1) GFEHS (neutral leg).
3. One (1) inter-cable hot short (neutal leg) and one (1) GFEHS (hot leg).

 

Figure J-3 
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AOV/SOV

Valve Open

Target Circuit - 
Ungrounded AC

Inter-Cable Hot Short

CPT CPT

Aggressor Circuit – 
Grounded AC

Inter-Cable Hot Short

or

Sub-case 3a – Inter-cable Hot Short & Ground

Target Conductor for Spurious 
operation [Isolated]

Ground with hot leg inter-cable hot short

Possible Spurious Operations:
1. Two (2) inter-cable hot shorts.
2. One (1) inter-cable hot short (hot leg) and one (1) ground (neutral leg).

Figure J-4 

 

 

AOV/SOV

Valve Open

Target Circuit - 
Ungrounded AC

CPT CPT

Aggressor Circuit – 
Grounded AC

Inter-Cable 
Hot Short

Sub-case 3b - Inter-cable Hot Short & Ground 
[reverse polarity] 

Target Conductor for 
Spurious operation 
[Isolated]

Ground above coil

Possible Spurious Operations:
1. One (1) inter-cable hot short (below coil) and one (1) ground (above coil).

 

Figure J-5 
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b. Double Break Designed Circuits:  Table J-2 and the description below 
provide a summary of the conclusions for double break designed circuits. 

i. All configurations involving two (2) intra-cable hot shorts are 
classified as “plausible”. 

ii. All configurations involving one (1) intra-cable hot short and 
one (1) ground equivalent hot short are classified as 
“plausible”. 

iii. Configurations with thermoset or thermoplastic insulated 
conductors and involving one (1) inter-cable hot short and one 
(1) intra-cable hot short are classified as “plausible”.  

iv. All configurations involving an inter-cable hot shorts on 
grounded metal foil shield wrap and armored cables are 
classified as “incredible” since the source conductor will be 
grounded prior to contacting a target conductor.  The metal foil 
shield wrap, however, must be robust, i.e., it must be of 
substantial physical characteristics, e.g., a zinc or copper 
spirally wound tape, rather than an aluminized mylar overwrap.  
For the case of an intra-cable hot short and an inter-cable hot 
short, the shield wrap or the armor prevents a conductor from 
an external cable from interfacing directly with the target 
conductor.  A GFEHS on the metal foil shield or armor, 
however, in combination with the intra-cable hot short, can 
cause a spurious operation.  The plausibility of this case is 
addressed in the Column for Intra-Cable & Ground Fault 
Equivalent Hot Short in Table J-2 

v. All configurations involving two (2) inter-cable hot shorts are 
classified as “incredible”, except for circuit with thermoplastic 
target conductors.  This latter case is classified as “incredible” 
for non-latching designs and “implausible” for latching 
designs.  [Note:  For the case of one thermoplastic target 
conductor and one thermoset target conductor, the criteria for 
all thermoplastic target conductors should be used.]  Refer to 
Change 4 in the Technical Justification for Appendix J in 
JACQUE-FIRE Volume 3 for the justification for this 
classification. 

1. Latching designs are defined as component or signal 
that do not return to their original position when the 
fire-induced circuit failure causing the spurious 
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operation terminates.  For example, an MOV that is 
spuriously opened by a hot short will not return to its 
original position, e.g., closed, when the aggressor 
circuit, e.g., hot short, terminates.   

2. Non-latching designs are defined as component or 
signal that return to their original position when the 
fire-induced circuit failure causing the spurious 
operation terminates.  For example, an SOV or an air 
operated valve with a pilot solenoid will change 
position when a hot short energizes the solenoid.  When 
the hot short terminates, the solenoid will de-energize 
and the affected component will return to its original 
position.  

vi. Configurations with thermoset or thermoplastic insulated 
conductors and involving one (1) inter-cable hot short and one 
(1) ground fault equivalent hot short are classified as 
“incredible” for non-latching designs and “implausible” for 
latching designs.  For TS and TP insulated conductors, if the 
aggressor circuit is a grounded AC circuit, an inter-cable hot 
short and a ground could cause a spurious operation.  This 
configuration has been evaluated in the Technical Justification 
for Appendix J in NUREG/CR 7150 Volume 3.  The 
evaluation concluded that even for the case of an aggressor 
grounded AC circuit, the classification would remain as 
“implausible” for latching circuits and “incredible” for non-
latching circuits.  Refer to Change 4 in the Technical 
Justification for Appendix J in JACQUE-FIRE Volume 3 for 
the justification for this classification. 

 
J.4 Conclusion: 
 
The JACQUE-FIRE Volume 3 Working Group has determined the list of components 
that are to be classified as “high impact” components.  This list of “high impact” 
components is described in Section J.3.1 of this Appendix and is summarized in Table J-
3.  Fire-induced circuit failure types classified as “implausible” need to be applied in 
evaluating fire-induced circuit failure impacts to the circuitry for the subset of post-fire 
safe shutdown components classified as “high impact” components.  Fire-induced circuit 
failure types classified as “implausible” only need to be applied to the control circuitry 
for any post-fire safe shutdown components classified as “high impact” components.  
 
The JACQUE-FIRE Volume 3 Working Group has also provided the final position on 
the classification, i.e., incredible, implausible or plausible, for the fire-induced circuit 
failure types applicable to the post-fire safe shutdown analysis.  Tables J-1 and J-2, 
shown on the next pages, provide a summary of the JACQUE-FIRE Volume 3 Working 
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Group conclusions.  The detailed justification for the conclusions provided by the 
JACQUE-FIRE Volume 3 Working Group in this Appendix are documented in 
JACQUE-FIRE Volume 3.   
 
The information in this appendix is applicable to conductors for cables associated with 
individual components.  Refer to Chapters 3 and 4 for the criteria applicable to MSOs.    
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Single Break Control Circuits 
Power Supply Grounded AC Ungrounded AC (from CPT or distributed) or DC  

 Conductor Hot Short Failure Mode 
Target Cable 
Configuration 

Intra-Cable Inter-Cable Intra-Cable Inter-Cable Ground Fault 
Equivalent 

      
Thermoset Insulated 
Conductor Cable 

Plausible Plausibleb

 
Plausible Plausiblec

 
Plausible 

Thermoplastic 
Insulated Conductor 
Cable 

Plausible Plausibleb Plausible Plausiblec Plausible 

Metal Foil Shield 
Wrap Cablea 

Plausible Incredible Plausible Incredibled Plausible 

Armored Cablea Plausible Incredible Plausible Incredibled Plausible 

 
Table J-1 

 

a  Robust metal foil shield wraps and armor for all of the cables in this row must be grounded.  [Robust metal foil shield wraps must be of substantial physical 
characteristics (e.g., a zinc or copper spirally wound tape rather than an aluminized mylar overwrap.)] 
 
b If the cable has a grounded, uninsulated drain wire, this configuration is classified as “implausible”. 
 
c  For ungrounded AC from an individual CPT, special considerations could apply depending on the routing, cable conductor configuration and circuit wiring 
characteristics.  The special considerations could change the classification for this case.  The special considerations are discussed in Section J.3.2. 
 
d  The shield wrap or the armor prevents a conductor from an external cable from interfacing directly with the target conductor.  A GFEHS on the metal foil 
shield or armor, however, can cause a spurious operation.  The plausibility of this phenomenon is addressed in the Column for Ground Fault Equivalent. 
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Double Break Control Circuits (includes single break control circuits with control power fuses removed) 
[Ungrounded AC w/CPTs, Ungrounded DC (Ungrounded AC w/o CPTs)] 

Target Cable 
Configuration 

Intra-Cable  
&  
Intra-Cable 

Intra-Cable 
& 
Inter-Cable 

Inter-Cable 
& 
Inter-Cable 

Intra-Cable 
& 
Ground Fault 
Equivalent 

Inter-Cable 
& 
Ground Fault Equivalent 

      
Thermoset 
Insulated 
Conductor Cable 

Plausible Plausible Incredible Plausible Implausible (latching)b

Incredible (non-latching)  

Thermoplastic 
Insulated 
Conductor Cable 

Plausible Plausible Implausible (latching) 
Incredible (non-latching) 

Plausible Implausible (latching)b

Incredible (non-latching) 

Metal Foil Shield 
Wrap Cablea 

Plausible Incrediblec Incredible Plausible Incredible 

Armored Cablea Plausible Incrediblec Incredible Plausible Incredible 

 
 

Table J-2 
 

a Robust metal foil shield wraps and armor for all of the cables in this row must be grounded.  [Robust metal foil shield wraps must be of substantial physical 
characteristics (e.g., a zinc or copper spirally wound tape rather than an aluminized mylar overwrap.)] 
 
b For TS and TP insulated conductors, if the aggressor circuit is a grounded AC circuit, an inter-cable hot short and a ground could cause a spurious operation.  
This configuration has been evaluated in the Technical Justification for Appendix J in NUREG/CR 7150 Volume 3.  The evaluation concluded that even for the 
case of an aggressor grounded AC circuit, the classification would remain as “implausible” for latching circuits and “incredible” for non-latching circuits.    
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c     The shield wrap or the armor prevents a conductor from an external cable from interfacing directly with the target conductor.  A GFEHS on the metal foil 
shield or armor, however, can cause a spurious operation.  The plausibility of this phenomenon is addressed under the Column for Intra-Cable & Ground Fault 
Equivalent. 
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Component(s) RCS 
Inventory 
Loss 
 

Inventory Loss has 
potential to 
damage fuel in less 
than 1 hour  
 

Containment 
Bypass 
(potential 
radiation 
release to the 
atmosphere) 
 

Mitigating Measures Considered   
[providing adequate mitigating capability] 

Comments/Conclusion 

BWR – List of Components Evaluated 
1.  Shutdown Cooling 

Suction 
Containment 
Isolation Valves 

Yes Yes Yes This condition could result in a system interfacing LOCA 
outside of containment with no acceptable mitigating 
actions, i.e., unrecoverable. 
 
Acceptable mitigating measures include assuring 
“plausible” and “implausible” circuits failures outlined in 
Table J-1 and J-2 will not result in an adverse impact to the 
components. 

Since the shutdown cooling containment isolation valves are classified as 
“high/low pressure interface components” in Appendix C to NEI 00-01, 
they are also classified as “high impact” components based on the 
potential significant and immediate consequences of this event. 
 
Acceptable mitigating measures include assuring “plausible” and 
“implausible” circuits failures outlined in Table J-1 and J-2 will not result 
in an adverse impact to the components. 

2.  Spurious Opening of 
Multiple SRVs 

Yes Yes, high pressure 
steam-driven systems 
are lost.  Low pressure 
make-up capability 
could be lost if not 
protected from the 
effects of the fire. 

No The availability of low pressure make-up systems can 
provide adequate mitigating capability for this condition.  
Additionally, the RCS inventory loss is directed to the 
Suppression Pool which keeps the inventory within a 
closed system.  Should sufficient low pressure make-up 
capability not be protected from the effects of the fire and 
an operator manual action (recovery action) outside of the 
Control Room be required to inject with the low pressure 
system, then the use of this approach would not be 
considered to be acceptable unless the use of this approach 
were accompanied by a detailed thermal-hydraulic analysis 
and operator action timing study which demonstrates a 
high degree of assurance of the success of the operator 
action, i.e., feasible and reliable.  The use of NUREG-1852 
provides an acceptable approach for addressing operator 
action timing considerations. 

 
 

SRVs are classified as “high impact” components.  Should adequate 
mitigating not be readily available, a significant inventory loss from the 
RPV could occur uncovering the core in minutes and creating a condition 
for imminent damage to the fuel.  Fire-induced spurious ADS is also 
considered to be “high impact” if a single signal can cause the initiation 
of ADS and the loss of the low pressure make-up systems.   
 
Acceptable mitigating measures include assuring “plausible” and 
“implausible” circuits failures outlined in Table J-1 and J-2 will not result 
in adversely impacting the components or assuring the availability of low 
pressure make-up systems controllable from the Control Room or, if not 
controllable from the Control Room, accompanied by thermal hydraulic 
analysis and operator timing studies that demonstrate any actions outside 
of the Control Room to be feasible and reliable. 
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Component(s) RCS 
Inventory 
Loss 
 

Inventory Loss has 
potential to 
damage fuel in less 
than 1 hour  
 

Containment 
Bypass 
(potential 
radiation 
release to the 
atmosphere) 
 

Mitigating Measures Considered   
[providing adequate mitigating capability] 

Comments/Conclusion 

PWR – List of Evaluated Components 
3.  Shutdown Cooling 

Suction Isolation 
Valves 

Yes Yes  Yes This condition could result in a system interfacing LOCA 
outside of containment with no acceptable mitigating 
actions, i.e., unrecoverable. 
 
Acceptable mitigating measures include assuring 
“plausible” and “implausible” circuits failures outlined in 
Table J-1 and J-2 will not result in an adverse impact to the 
components. 

Since the shutdown cooling containment isolation valves are classified as 
“high/low pressure interface components” in Appendix C to NEI 00-01, 
they are also classified as “high impact” components based on the 
potential significant and immediate consequences of this event. 
 
Acceptable mitigating measures include assuring “plausible” and 
“implausible” circuits failures outlined in Table J-1 and J-2 will not result 
in an adverse impact to the components. 

4.  PZR PORVs Yes Yes, if normal make-up 
or high head injection 
is not protected from 
the effects of the fire.  

No, PORV 
relief is into 
containment 
with no 
radiation release 
to the 
atmosphere. 

With a stuck open PORV, the time to uncover the core and, 
subsequent, core damage could be less than one hour even 
with make-up.  In the event of a spuriously opened PORV, 
closing the PORV or block valve will mitigate the effects 
of the event.  Should PORV or block valve closure be 
protected from the effects of fire and be available from the 
Control Room the use of this approach would be considered 
to be acceptable.  Should an operator action outside of the 
Control Room be required to close the PORV or block 
valve (e.g., from an MCC or electrical panel), this approach 
would not be considered to be acceptable, unless the use of 
this approach were accompanied by a detailed thermal-
hydraulic analysis and operator action timing study which 
demonstrates a high degree of assurance of the success of 
the operator action.  The use of NUREG-1852 provides an 
acceptable approach for addressing operator action timing 
considerations. 

PORVs are classified as “high impact” components.  Should adequate 
mitigation not be readily available, a significant inventory loss from the 
RPV could occur uncovering the core in minutes and creating a condition 
for imminent damage to the fuel.   
 
Acceptable mitigating measures include assuring “plausible” and 
“implausible” circuits failures outlined in Table J-1 and J-2 will not result 
in adversely impacting the components or assuring the capability of 
closing the block valve (or PZR PORV) from the Control Room or, if the 
valve cannot be closed from the Control Room that there is a thermal 
hydraulic analysis and operator timing studies that demonstrate any 
actions outside of the Control Room are feasible and reliable. 

 
 


