
UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

September 28, 2000 

MEMORANDUM TO: Stuart A. Richards, Director 
Project Directorate IV & Decommissioning 
Division of Licensing P ject Management 
ffcdv Nuclea a Ior R ulation 

FROM: hyn a , P 'e4 nger, Section 2 
Project Directorate IV & Decommissioning 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 

SUBJECT: SUMMARY OF MEETING WITH THE BOILING WATER REACTORS 
OWNERS' GROUP (BWROG) ON POST-FIRE SAFE SHUTDOWN 
CIRCUIT ANALYSIS 

On July 26, 2000, a public meeting was held between the NRC staff, the Boiling Water Reactor 
Owners Group (BWROG), and Nuclear Electric Institute (NEI) at the NRC headquarters offices 
in Rockville, Maryland. The purposes of the meeting were (1) to determine whether the NRC 
needed more information in addition to the safety relief valve/low pressure system (SRV/LPS) 
follow-up information already provided by the BWROG, (2) to clarify the draft request for 
additional information (RAI) on the final BWROG deterministic post-fire safe shutdown 
methodology (sometimes referred to as "the guidance document"), and (3) to clarify staff 
comments on NEI's currently incomplete, draft, risk-informed post-fire safe shutdown 
methodology, recently integrated with the BWROG document. Both of these methodologies 
include extensive information on fire-induced circuit failure analyses.  

Attachment 1 lists the meeting participants. The BWROG presentation slides used for the 
meeting, "BWROG Appendix R Committee Meeting with NRC July 26, Z000," are included as 
Attachment 2. A copy of Question 5.3.1 of Generic Letter 86-10, "Implementation of Fire 
Protection Requirements," is Included as Attachment 3. A memorandum from Bruce A. Boger 
to Tom Martin, dated January 16, 1991, is included as Attachment 4. A handout developed by 
the staff entitled "Circuit Analysis Principled Comparison" is included as Attachment 5. The NEI 
presentation slides, "NEI Views on Resolution of Circuit Failure Issues," is included as 
Attachment 6. A letter to the BWR Owners Group forwarding the Draft Request for Additional 
Information, dated April 21, 2000, is included as Attachment 7. A document developed by 
Sandia National Laboratories, entitled, "A Proposed Common Terminology for Circuit Analysis," 
is included as Attachment 8.  

The overall result of the meeting was that the BWROG sees no safety significant circuit 
analysis issues which are outside of the current licensing bases. Therefore, its efforts over the 
last two years have been directed at collecting circuit analysis criteria contained in selected 
reactor licensing bases, rather than developing, from a technical point of view, the most 
appropriate set of circuit analysis criteria for use by U.S. reactor plants. In a subsequent phone 
conversation, the BWROG pointed out that certain risk arguments relating to circuit analysis



-2-

principles contained in appendices to its deterministic document had been passed to NEI for 
investigation during the upcoming fall 2000 NEI/EPRI (Electric Power Reactor Institute) tire 
tests.  

At the time of the meeting, the staff had just begun its review of the new BWROG SRV/LPS 
information and was therefore unable to comment on the SRV/LPS information's completeness 
and adequacy. NEI had no direct questions on the recent staff comments on its risk-informed 
post-tire safe shutdown methodology.  

The meeting began with the BWROG presentation. Early in the presentation the staff handed 
out Attachments 3 and 4, regarding the number of hot shorts to be considered in a multi
conductor cable associated with a non-high/low pressure interface. The BWROG pointed out a 
conflict with certain staff safety evaluations (SEs) supporting the development of the BWROG 
guidance document. The staff handed out Attachment 5, which was developed by the Office of 
Nuclear Reactor Regulation's (NRR) Plant Systems Branch. The principles comparison was an 
attempt to illustrate the current post-tire safe shutdown circuit analysis regulatory environment.  
It included recently developed circuit analysis principles which the staff believes are derivatives 
of the staff circuit analysis positions provided in a March 11, 1997, letter from Sam Collins, 
Director, NRR, to Ralph Beedle, Chief Nuclear Officer, Nuclear Energy Institute (not attached).  
The staff also handed out Attachment 8, "A Proposed Common Terminology for Circuit 
Analysis." 

The BWROG emphasized that their methodology addressed the protection of safe shutdown 
functions (reactivity control, pressure control, inventory control, decay heat removal, process 
monitoring and support systems), but that spurious operations were considered for only reactor 
vessel inventory loss and flow blockages/diversions in coolant inventory makeup lines and 
decay heat removal features. The BWROG stated that this spurious operations premise was 
drawn from a November 2, 1995, Browns Ferry safety evaluation (SE) and Susquehanna 
Steam Electric Station licensing documents.  

The BWROG further stated that their final post-fire safe shutdown methodology circuit analysis 
principles, described in their generic guidance document, were fully supported by precedents 
contained in U.S. commercial nuclear reactor licensing bases excerpts.  

The BWROG stated that their original motivation for participating in the safe shutdown 
methodology development effort was to establish a consistent method for safe shutdown 
analysis that could be agreed upon between the BWR Owners and the NRC, and thereby 
improve the stability of the regulatory environment (including inspection), and reduce perceived 
"regulation by inspection" in the post-fire safe shutdown circuit analysis area. This sentiment 
was echoed by the NEI representatives present.  

The BWROG stated that the purpose of developing their safe shutdown/circuit analysis 
methodology was to have it certified, through staff SE endorsement, and to be in compliance 
with current regulations and licensing bases. [In comments provided subsequent to the 
meeting, the BWROG stated that: (1) their purpose was to put together a consistent set of safe 
shutdown guidance that the staff could agree met regulatory requirements, (2) their risk 
analyses in the appendices did not support any need to address new engineering issues, and 
(3) the NEI Circuit Failures Task Force would be addressing the risk associated with the current
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NRC/industry issues. Further, the BWROG would act relative to any NRC/industry issue should 
the NEI effort demonstrate that the issue represents a safety concern.] 

The BWROG stated that they were not aware of any supporting documentation establishing the 
safety significant basis for a decade old NRC staff circuit analysis technical opinion that two "hot 
shorts" should be analyzed in a multi-conductor cable associated with a non-high/low pressure 
interface (Attachment 4). [In comments provided subsequent to the meeting, the BWROG 
stated that there was no apparent NRC follow-up on any generic implications associated with 
this issue. Further, this internal technical opinion has not received any examination, been 
referenced, and/or relied upon by the staff. Therefore, this opinion cannot constitute a 
longstanding staff position. In response, the staff notes that Generic Letter (GL) 86-10, Section 
5.3.1 directly addresses this issue and was referenced to support the (TIA) response, thereby 
constituting a generic position on this issue.] 

[In comments provided subsequent to the meeting, the BWROG stated that due to the lack of 
demonstrated high safety significance, they had no basis for asking member utilities to 
undertake a high cost reanalysis and additional actions that could result in plant redesign. The 
BWROG acknowledged that such significance/probability information may be forthcoming as a 
result of the ongoing NEI risk-informed methodology development efforts and their supporting 
fire tests (scheduled for report completion in early Calendar Year 2001), and reiterated that the 
BWROG would take additional action to address any Issues demonstrated by the NEI work to 
be safety significant.] 

[In comments provided subsequent to the meeting, the BWROG stated that the circuit analysis 
criteria used for post-fire safe shutdown had been agreed to in the early 1980s. This previously 
agreed to criteria struck a balance between the circuit analysis criteria applied to post-fire safe 
shutdown and circuit design for other aspects of plant safety. Failure to maintain this balance 
could result in plant designs that improperly address lower probability events. The staff notes 
that it is unaware of any meetings, workshops or conferences between the industry and the 
NRC staff at which post-fire safe shutdown circuit analysis criteria were addressed and 
resolved.] 

The BWROG stated that they believe that the real problem in circuit analysis is not how to 
resolve identified problems, but how to identify what is (and is not) a problem or safety issue.  

The BWROG stated that the long standing NRC staff inspection policy "any and all (sets) of 
spurious actuations, one at a time," which has been reflected in some BWR licensing bases, 
has resulted in the following licensee analytical approach (one example typical of many): 

If the separate control circuits for two reactor coolant volume series drain valves 
would be affected by the same fire due to the physical arrangement of their 
respective conductors being in the same multi-conductor cable, only one of the 
two valves is analytically considered to be spuriously open at any time.  
Therefore, the mitigation for the spurious opening of one drain valve can be 
logically considered to be the shut position of the other drain valve with fire 
affected control circuitry. The staff commented that this means that extremely 
close proximity and resultant involvement in the same fire has not been sufficient 
to cause U.S. BWR licensees to take protective measures to prevent
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simultaneous spurious actuations with recognizable and significant negative 
consequences. [In comments provided subsequent to the meeting, the BWROG 
stated that the BWROG position on combining the effects of a number of 
spurious operations in a single fire area was based on information from GL 86
10, Question and Answer 5.3.10.] The staff notes that, given the premise of this 
question regarding the required size (transient mitigation capability) of alternative 
safe shutdown equipment, use of the answer to establish circuit analysis criteria 
is inappropriate.  

The BWROG noted that the Braidwood licensing basis is worded such that the licensee 
believes that they must hypothesize one and only one spurious actuation per fire, not all 
possible spurious actuations taken one at a time, making it an approved approach consistent 
with the BWROG positions. The staff notes that this circuit analysis interpretation is in 
agreement with the licensing basis Information reported by NRC inspectors who recently visited 
the site, but the staff does not necessarily stipulate to adequacy of this apparently very unique 
licensing basis.  

The NRC Office of General Counsel (OGC) discussed OMB Circular A-1 19 regarding the 
National Technology Transfer Act of 1995, and its effect on NRC endorsement of national 
voluntary consensus standards (such as the soon to be voted code National Fire Protection 
Association [NFPA] 805). It was stated that: 

To the extent that the NRC issues a complete or partial government unique 
standard for nuclear reactor fire protection, the Commission would have to issue 
a letter to the Office of Management and Budget (OMB) via the National Institute 
of Science and Technology (NIST) stating why NFPA 805 was contrary to law, 
impractical or otherwise not appropriate for licensee use.  

An NRC Commission Paper exists stating the Commission's intent to endorse 
NFPA 805 in lieu of a performance-based fire protection rule. Further, there was 
no real barrier to the NRC staff requiring other methods for circuit analysis than 
those outlined in Appendix B to NFPA 805. The staff would have to identify 
where NFPA 805 was not consistent with the existing regulations and backfit rule 
would have to be applied. However, if NFPA 805 were offered as a voluntary 
altemative, then no backfit evaluation would be required.  

If the BWROG methodology is consistent with the existing regulatory requirements in 10 
CFR 50.48 and Appendix R, then no rulemaking would be necessary to allow licensees 
to use that methodology, although individual licensees would have to review their 
licensing bases to determine if NRC review and approval would be necessary.  

The NEI legal representative stated that NEI considers its methodology to meet the test for a 
national voluntary consensus standard since, in NEI's view, its development meets the five 
criteria in OMB Circular A-1 19: openness, balance of interests, due process, appeals process, 
and consensus. NEI's guid;3nce documents already have standing as national voluntary 
consensus standards because NEI is a voluntary association and a consensus industry group.  
NEI may send a letter to the staff requesting designation as a national voluntary consensus 
development body. The NRC staff did not have enough information on this assertion and took
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no position on it during the meeting. Given national voluntary consensus organization standing, 
NEI's methodology could therefore be endorsed by the staff in lieu of NFPA 805. The staff 
observed that such an endorsement of the NEI document, if it were given, would require 
information in the rulemaking Statements of Consideration as to why NFPA 805 was not 
endorsed.  

The BWROG stated that NFPA 805, if endorsed through rulemaking, might create new rules 
and licensing bases, and therefore be a backfit.  

During the discussion it was noted that other endorsement alternatives hypothetically exist: (i) 
staff endorsement of the NEI/BWROG methodology documents and/or NFPA 805 as fully 
meeting Appendix R, but in a manner that does not make them legal requirements (such as 
endorsing them in an NRC Regulatory Guide), or (ii) NRC endorsement of NFPA 805 in a 
manner which does not necessarily require licensees to use one or more appendices (such as 
Appendix B on circuit analysis). The OGC representative stated that whether endorsement is 
binding in regards to appendices depends upon the words of the rule "incorporating by 
reference the NFPA standard" as well as the language of the NFPA standard itself when it is 
referring to its own appendix.  

The BWROG stated that it was not asking for a rule change in connection with its methodology 
"since it already meets applicable criteria," and it was noted that an SE generically endorsing 
either the BWROG or NEI methodologies would not change plant specific licensing bases.  

The staff noted that under 10 CFR 50.109 (Backfitting) high regulatory analysis thresholds 
exist. Also, two distinct circuit analysis thresholds would seem to exist: (1) the level of safety 
gained by application of new principles of circuit analysis In the design of new reactor plants, 
and (2) the level of safety achieved should new circuit analysis principles not inherent in 
Appendix R be "backfit" upon licensees. fIn comments provided subsequent to the meeting, NEI 
noted that since new circuit analysis principles would presumably be "best practices," the 
application of such guidance would not be binding until committed to by licensees. This would 
be entirely analogous to the new "Best Practices" guidance in DG-1 097. Further the "best 
practices" nature of the NFPA 805 guidance makes it inappropriate as a set of criteria to judge 
the adequacy of the BWROG and NEI circuit analysis methods, which are based on the existing 
NRC-approved licensing bases.  

During its technical discussion of the draft RAI, the BWROG stated that: 

Cross tray/raceway (not tray to tray) circuit failure interactions were considered in 
licensee circuit analyses (but only one at a time), regardless of tray/raceway 
cable layout geometry. The staff commented that not considering tray/raceway 
cable layout geometry was an important and positive analytical conservatism.  

Even if two independent circuits were located in the same multi-conductor cable, the 
final BWROG methodology would analyze fire-induced spurious operations only one at a 
time. Part of the justification for this was stated by the BWROG to be the wording of the 
answer to Question 5.3.10 of GL 86-10, which discussed "one worst case transient." 
During the discussion of this hypothetical configuration, the BWROG stated that if a fire 
were presumed to exist in a panel with hundreds of circuits, licensees currently analyze



-6-

for only one spurious actuation at a time "in accordance with NRC-approved licensing 
bases." 

NEI provided a short presentationlitled "NEI Views on Resolution of Circuit Failure Issues" 
(Attachment 6).  

Separate from the formal NEI presentation, NEI stated that its final methodology would 
probably use the risk threshold of 10 E-6 core damage per reactor year for groups of circuit 
failures, and 10 E-7 core damage per reactor year for individual circuit failures. Further, the fire 
test vendor was to be selected in early August 2000 and the fire tests conducted in September 
2000. However, due to the need to conduct 2-3 pilot applications in early CY 2001 (because 
plant schedules preclude conducting them earlier), the finalization of the NEI document would 
likely slip past the first quarter of CY 2001.  

[In comments provided subsequent to the meeting, the BWROG and NEI agreed that the role of 
the NEI methodology, in addition to providing a set of circuit analysis guidelines applicable to 
PWRs as well as BWRs, was to address issues between the NRC and industry that the 
BWROG considers to be beyond the current licensing bases. BWROG actions taken in 
response to NEI developed circuit failure information would be conducted to address safety 
issues outside the licensing basis, not to bring the plant into compliance with the existing 
licensing basis.] The staff notes that as technology matures through time there may be 
instances in which actions should be taken, most appropriately voluntarily, when and if it is clear 
that issues of reactor safety have arisen.  

The BWROG presented slides summarizing their RAI comments and clarification questions, 
and specific slides detailing a number of clarification questions regarding the E&IC Branch 
(EEIB) and PSA Branch (SPSB) RAI questions (Attachment 7). The EEIB staff indicated that 
EEIB would consider deleting RAI Questions #1, 6 and 7, and rewriting RAI Questions #3 and 
4. The SPSB staff indicated that SPSB would relay the BWROG comments on RAI Questions 
#2 and 3 to the SPSB reviewer. The staff also agreed to look into rewording EEIB question #2.  

NEI stated that the next draft of its risk-informed methodology would be available to the staff in 
late August 2000.  

It was agreed that clarification questions on the BWROG Guidance Document RAI questions 
from Sandia National LaboratorylPlant Systems Branch (SPLB) would be provided during a 
phone conversation in early August 2000. The staff stated that it planned to issue a final RAI 
on the BWROG Guidance Document by the end of August 2000, with a return time frame of 90 
days. [However, subsequent to the meeting, the staff determined that, given its new 
understanding of the nature of the BWROG document, and given the fact that pivotal risk 
arguments relating to circuit analysis principles have been passed from the BWROG to NEI for



-7-

investigation during the fall 2000, NEI/EPRI fire tests, the document and the staff's review 
should be considered to be complete without issuance of a final RAI. Further, only a single SE 
will now be needed upon the completion of the integrated NEI/BWROG document in early CY 
2001.] 
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BWROG Appendix R Committee 

Meeting with NRC

July 26, 2000

White Flint, Md.

I



Agenda 

• BWROG Information 
Discussion of BWROG Response on SRV/LPS 
Issue 

Discussion of NRC's Draft RAI on BWROG 
Guidance Document and NEI 00-0 1 Comments

2



SRV/LPS Response 

* NRC Requested Actions 
- Provide Hot Shutdown Procedural Discussion 

* Attachment 1 addresses this request 

- Provide Licensing Basis Citations 
• Attachment 2 addresses this request 

- Provide Review of NRC Risk Assessment 
* Attachment 3 addresses this request

3
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SRV/LPS Response

• BWROG Conclusion: 

- Issues have been resolved 

NRC should issue SER 

- SER should endorse use of SRV/LPS for 
"• Either Redundant Safe Shutdown (III.G.1 & 2) 
"• or Alternative Safe Shutdown (UI.G.3)
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NRC Draft RAI 

Discussion Topics: 
- Editorial Comments 

- Spurious Operations 

- Other Topics: 
• 3 Phase Hot Shorts 
*MHIF 
• IN 92-18 

- Specific Technical Comments 

- [NEI 00-01 Comments]
5



Spurious Operations 

• Review of BWROG Criteria 

• BWROG's Interpretation of Regulations and 

Guidance 

• Licensing Basis Citations
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BWROG Criteria 

"• Identify Redundant Trains capable of 
satisfying all necessary shutdown functions 

"• Identify Equipment that can prevent or cause 
maloperation of the Redundant Trains 

"• Evaluate for the effects of a hot short, short-to
ground or open circuit on any offending cable 

"• Mitigate each effect individually (except for 
Hi/Lo Pressure Interfaces)

7



•- (1) SSD Functions: Reactivity 
Control; Pressure Control; Inventory 
Control, DHR; Process Monitoring; 
Support Functions 
(2) Spurious Operations: RPV 
"Inventory Loss; Flow Blockage/ 
"Diversion (Inventory M/U; DHR)

Reroute Circuit, Wrap Raceway 
Manual Action. Repair 
Other Equipment 
Other Plant Unique Approach 

- 86-10 Evaluation 
- Exemption Request 
- Deviation Request

8



Spurious Operations
BVWROG Interpretation 

• References: 
- 10CFR50 App. R Section III.G,2 

- NRC G.L. 81-12 

-NRC G.L. 86-10 
• Paragraph 5.3.1 
• Paragraph 5.3.10 

- NRC Inspection Procedure 64100

9



Spurious Operations
BVWROG Interpretation 

I 1OCFR50 App. R Section III.G.2 
... , including associated non-safety circuits that 
could prevent the operation or cause the 
maloperation ... , of redundant trains of systems 

N, 

necessary to achieve and maintain hot shutdown 
conditions....  

[Note: III.G. I requires that one Redundant 
Train be "free of fire damage"] 10



Spurious Operations
BWROG Interpretation 

NRC Generic Letter 81-12 

- Defimes Associated Circuits 
* Common Power Supply 

• Spurious Operation 

• Common Enclosure

11



Spurious Operations
B WRO G Interpretation 

Clarification: "prevent the operation or 
cause the maloperation" 

cables for components whose spurious operation 
could result in either inventory loss from the 
Reactor Vessel, or flow diversion or flow blockage 
in the inventory make-up or decay heat removal 
systems being used to achieve safe shutdown.

12



Spurious Operations 
B WROG Interpretation

• These are the functional requirements of 
concern for spurious operations. Based on 
these functions, the set of components with the 
potential to spuriously operate and prevent the 
operation or cause the maloperation of a 
redundant train are determined.

13



Spurious Operations
BVWROG Interpretation 

• The Cable Fault Criteria used to determine if 
any of these components has the potential to 
spuriously operate in a given fire area is based 
on Section 5.3.1 of G.L. 86-10.

14



Spurious Operations 
BVWROG Interpretation 

• Section 5.3.1 of G.L. 86-10:
... For three-phase AC circuits, the probability of getting a 
hot short on all three phases in the proper sequence to cause 
spurious operation of a motor is sufficiently low as to not 
require evaluation except for any cases involving hi/lo 
pressure interfaces. For ungrounded DC circuits, if it can 
be shown that only two hot shorts of the proper polarity 
without grounding could cause spurious operation, no 
further evaluation is necessary except for any cases 
involving hi/lo pressure interfaces.

15



Spurious Operations
BVWROG Interpretation 

With respect to non-high/low Pressure 
Interfaces, this guidance was interpreted by the 
BWROG to mean that if more than a single 
circuit failure on the electrical circuitry for the 
component is required to cause the spurious 
operation of the component, then the spurious 
operation of the component is not considered 
to be credible.  

16
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Spurious Operations
BVWROG Interpretation 

• The Criteria used to evaluate the impact on 
safe shutdown of those components with the 
potential to spuriously operate in a given fire 
area is based on Section 5.3.10 of G.L. 86-10.

17



Spurious Operations 
BVWROG Interpretation 

Section 5.3.10 of G.L. 86-10 
- The safe shutdown capability should not be adversely affected by any 

one spurious operation or signal resulting from a fire in any plant area; 
and 

- The safe shutdown capability should not be adversely affected by a fire 
in any plant area which results in the loss of all automatic functions 
(signals, logic) from the circuits located in the area in conjunction with 
one worst case spurious operation or signal resulting from a fire in any 
plant area and 

- The safe shutdown capability should not be adversely affected by a fire 
in any plant area which results in spurious actuation of the redundant 
valves in any one high-low pressure interface line.

18



Spurious Operations
BWROG Interpretation 

The BWROG interprets this guidance to mean 
that any and all components with the potential 
to spuriously operate in a given fire area 
needed to be identified, but that each potential 
spurious operation could be assumed to occur 
and be mitigated individually (one-at-a-time).  
Each potential spurious operation is identified 
and a mitigation strategy is identified for each.  

19



Spurious Operations
B WRO G Interpretation 

The BWROG also interprets this guidance to mean 
that it was not credible to have to assume that more 
than one spurious operation occurred at-a-time, 
except for the case of hi/lo pressure interface valves 
where it was necessary to assume that two valves in 
any one line could spuriously operate. There is no 
need to consider the combined effects of potential 
spurious operations, except for the case of hi/lo 
pressure interface valves.

20



Spurious Operations 
B WRO G Interpretation 

• In conclusion, the BWROG interprets that 
there is no need to consider the combined 
effects of potential spurious operations, except 
for the case of hi/lo pressure interface valves.

21



Spurious Operations 
BVWROG Interpretation 

NRC Inspection Procedure 64 100: 
- Section 03.01.e.2.(f): 

- The three assumptions of Appendix R Question 
and Answer 5.3.10 are meant for independent use 
(that is, only one assumption applies for any given 
configuration in a reactor plant). These 
assumptions are therefore consistent with 
(continued)
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Spurious Operations 
BVWROG Interpretation 

NRC Inspection Procedure 64100: (continued) 
- Section 03.01.e.2.(f): (continued) 
- the established NRR review practice of requiring 

licensees to analyze for any and all spurious 
operations or failures where no such spurious 
operations or failures occur simultaneously.

23



Other Topics 

"• 3-phase Hot Shorts for High/Low Pressure 
Interfaces 

"• Multiple High Impedance Faults (MHIF) 

"• NRC IN 92-18

24



Specific Technical Comments 

"* Comments from Electrical and Instrumentation 
Controls Branch 

"• Comments from Probabilistic Safety 
Assessment Branch 

"• Comments from Sandia 
"• Comments on NEI 00-01

25



Conclusions 

"• Strategy for Closure 

"• Summarize Actions Items 

"• Schedule for Completion of Action Items

26



GENERIC LETTER 86-10, QUESTION 6.3.1

ATTACHMENT3



that the operation staff of the plant determine whether additional training or 

procedures are needed.  

5.2.4 Post Fire Procedures Guidance Documents 

QUESTION 
Do any NRC Staff guidance documents exist relative to the extent, form, nature, 

etc. of Appendix R post-fire operating procedures? 

RESPONSE 

No. Other than the criteria of Section III.L, no specific post-fire shutdown procedure guidance has been developed. See also responses to 5.2.1, 5.2.2 and 5.2.3. The inspection process will be flexible in this reoard as long as the 
I censee can show compliance with the criteria of Section TILL.  

5.3 Safe Shutdown and Fire Damage 

5.3.1 Circuit Failure Modes 

QUESTION " 

What circuit failure modes must be considered in identifying circuits associated 
by spurious actuation? 

RES:ONSE 

Sections III.G.2 and II1:L.7 of Appendix R define the circuit failure modes as hot shorts, opencircuits, and shorts to ground. For consideration of spurious actuations, all possible functional failure states must be evaluated, that is, the ccm~onent could be energized or de-energized by one or more of the above failure moces. Therefore, valves could fail open or closed; pumps could fail 
running or not running; electrical distrtbuticn breakers could fail open or c'csea. For three-phase AC circuits, the probability of getting a hot short on all three ohases in the proper sequence to cause spurious operation of a motor is considered sufficiently low as to not require evaluation except for any cases involving HI/Lo pressure interfaces. For ungrounded DC circuits, if it can be shown that only two hot shorts of the proper polarity without groundino could cause spurious operation, no.further evaluation is necessary except for any 
cases involving Hi/Lo pressure interfaces.  

5.3.2 "Hot Short" Duration 

OUESTION 

If one mode of fire damage involves a."hot short" how lono does that condition exist as a result of fire damage prior to terminating in a ground or open 
circuit and stoppinq the spurious actuation? 

PESPONSE 

We would postulate that a "hot short" condition exists until action has heen taken to isolate the given circuit from the fire area, or other actions as

APPENDIX R OUESTIONS & ANSWERS 2?
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January 16, 1991 

MEMORANDUM FOR: Tom Martin, Acting Director 
Division of Reactor Safety 
Region III 

FROM: Bruce A. Boger. Director 
Division of Re'actor Projects III/IV/V 
Office of Nuclear Reactor Regulation 

SUBJECT: REQUEST FOR ASSISTANCE: DETEVINE WHETHER TWO HOT SHORTS IN 
A MULTICONDUCTOR CABLE ASSOCIATED WITH A NON-HI/LOW PRESSURE 
INTERFACE SHOULD BE ANALYZED FOR FIRE -INDUCED SPURIOUS 
ACTUATION (GENERIC LETTER 86-10, SECTION 5.3.1., NON-HI/LOW 
PRESSURE INTERFACES IN UNGROUNDED AC AND DC CIRCUITS) 
.(AITS 205-89) TAC NOS. 73333 AND 73334 

By memorandum (H. Miller to G. Holahan) dated May 17, 1989, you requested 
technical assistance in determining whether two hot shorts in a multi-conductor 
cable associated with a non-high/low pressure Interface should be analyzed for 
fire induced spurious actuation. The request referenced Generic Letter (GL) 
86-10, Implementation of Fire Protection Requirements,,Section 5.3.1, which 
provides some discussion on the staff position regarding circuit failure modes.  
We have reviewed this issue and concluded that two hot-shorts in a multi
conductor cable associated with a non-high/low pressure interface should be 
analyzed. This conclusion is consistent with the intent of GL 86-10, Section 
5.3.1. Section 5.3.1 states that for ungrounded DC circuits, if it can be 
shown that only two hot shorts of the proper polarity without grounding could 
cause spurious operations, no further evaluation was necessary except in cases 
involving high/low pressure interfaces.  

Exempting ungrounded DC circuits (the type circuit in question at 0. C. Cook) 
from analysis of the consequences of two shorts of the proper polarity was based 
on the assumed low probability of occurrence. The staff was considering single 
conductor cables in this position, where it clearly would not be probable to 
get multiple shorts of two conductors (of the proper polarity) without shorting 
to ground. The probability of such an event occurring is clearly greater in 
the case of multi-conductor cable with the conductors in close proximity to 
each other and potentially affected simultaneously by the postulated fire.  
This position is consistent with the position outlined in a notice of violation 
t: the Dresden plant dated January 3. 1989 (Item f, page 21) wherein a potential 
fur spurious opening of a target rock relief valve could result from two hot 
shorts in a multiple conductor cable.  

Bruce A. Boger, Director 
Division of Reactor Projects IIl/IV/V 
Office of Nucliar Reactor Regulation



Decenmer 4, 1993

MEMORANDUM FOR: Dennis Crutchfield, Director 
Divisior of Reactor Projects 

and Special Projects 

FRCV: Gary Holahan, Deputy Director 
Division of Systems Technology 

SUBJECT: REQUEST FOR ASSISTANCE: DETEPJ;INE WHETHER TWO 
HOT SHCRTS IN A MULTICONDUCTOR CABLE ASSOCIATED 
WITH A NON-HI/LOW PRESSURE INTERFACE SHOULD BE 
ANALYZED FOR FIRE INDUCED SPURIOUS ACTUATION 
(GENERIC LETTER 86-10, SECTION 5.3.1., NON-MI/ 
LOW PRESSURE INTERFACES IN UNDERGROUNDED AC AND DC 
CIRCUITS) (AITS 205-89) 

In a memorandum (H. Miller to G. Holahan) dated May 17, 1989, Region III 
requested techrical assistance in determining whether two hot shorts in a 
multi-conductor cable associated with a non-high/low pressure interface should 
be analyzed for fire induced spurious actuation. The request referenced 
Generic Letter (GL) 86-10, Implementation of Fire Protection Requirements, 
Sectl," 5.3.1, which provides some discussion on the staff position regarding 
circuit failure modes. We have reviewed this issue and concluded that two hot 
shorts in a multi-conductor cable associated with a non-high/low pressure 
interface should be analyzed. This conclusion is consistent with the intent of 
GL 86-10, Section 5.3.1. Section 5.3.1 states that for undergrounded DC 
circuits, if it can be shown that only two hot shorts of the proper polarity 
without grounding could cause spurious operations, no further evaluation was 
iecessary except in cases involving high/low pressure interfaces.  

Exempting undergrounded DC circuits (the type circuit in question at D.C.  
Cook) from analysis of the consequences of two shorts of the proper polarity 
was based on the assumed low probability of occurrence. The staff was 
considering single conductor cables in this position, where it clearly would 
not be probable to get multiple shorts of two conductors (of the proper 
polarity) without shorting to ground. The probability of such an event 
occurring is clearly greater in the case of a multi-conductor cable with the 
conductors in close proximity to each other and potentially affected 
simultareously by the postulated fire. This position is consistent with the 
position outlined in a notic, of violation to the Dresden plant dated Janual, 3, 
1989 (Item f, page 21) wherein a potential for spurious opening of a target rock 
relief valve could result from two hot shorts in a multiple conductor cable.  

Gary Holahai, 6 puty Director 
Division of Systems Technology



MAY ?7 985

MEMORANDUM FOR: Gary 14. Holahan, Acting Director, Division of Reactor 
Projects-III/IV/V and Special Projects, NRR 

FROM: Hubert J. Miller, Director, Division of Reactor Safety, 
Region III 

SUBJECT: REQUEST FOR ASSISTANCE: DETERMINE WHETHER TWO HOT SHORTS 
IN A MULTICONDUCTOR CABLE ASSOCIATED WITH A NON-HI/LOW PRESSURE INTERFACE SHOULD BE ANALYZED FOR FIRE INDUCED SPURIOUS ACTUATION (GENERIC LETTER 86-10, SECTION 5.3.1, NON-HI/LOW PRESSURE INTERFACES IN UNGROUNDED AC AND.DC 

CIRCUITS) (AITS 205-89) 

LER No. 50-315/88014, issued by-the Indiana Michigan Power Company on January 12, 1989, identified that on September 15, 1988, while D. C. Cook nuclear power plant personnel were conducting an Appendix R review of various motor control centers, it was discovered that two cables, intended to be re-routed as a result of the licensee's original Appendix R design changes 'engineering completed in February 1985), were not re-routed out of the fire 
one of concern as intended.  

) Included in the original design changes were the relocation of Unit I Essential Service Water (ESW) pump control- out of the Unit 2 control room and onto the Unit 1 Hot Shutdown (HSD) panel. Also included in the original design changes were the relocation of the Unit 2 ESW pump controls out of the Unit 1 control room and onto the Unit 2 HSD panel. Specifically, the licensee determined that, in the Unit 1 cable vault, the control cable associated with the Unit 2 West ESW pump discharge valve (2-WMG-704) remained routed with the Unit 1 ESW pump control cables. The licensee also determined that, in the Unit 2 cable vault, the contrcl cable associated with the Unit 1 East ESW pump discharge valve (l-WI-10-701) remained routed with the Unit 2 ESW pump control 
cables.  

Each unit has two ESW pumps and its associated motor operated discharge valve.  The ESW discharge piping is cross-tied between units. The Appendix R analysis presently shows that two of the four ESW pumps and the ability to properly align their flow are required for safe shutdown (SSD). An LER was generated as it appeared to the licensee that in the event of a fire in either unit's control room cable vault, the potential existed for the loss of flow from three of four ESW pumps.  

The licensee has reanalyzed this issue and retracted LER 50-315/88014. This retraction was based on the licensee's interpretation of Section 5.3.1 (Circuit



;ary M. Holahan 2 MAY i7 1989 

Failure Modes) of Generic Letter 86-10. The ESWIdischarge valve cables that were not routed-as intended during the Appendix R modification are now considered 
by the licensee to meet the guidelines of Generic Letter 86-10. This Is due to 
the use at D. C. Cook of "double break" isolation contacts in the control circuitry, the fact that the ESW discharge valves are not a Hi/Low pressure 
interface, and the fact that the spurious closure of any one of these valves would require two hot shorts (of the proper-polarity) in the valve's associated 
multiconductor control cable (between four conductors). Section 5.3.1 of Generic Letter 86-10 indicates that for ungrounded circuits, if it can be shown 
that only two hot shorts of the proper polarity without grounding could cause 
spurious operation, no further evaluation is necessary except for cases Involving Hi/Low pressure interfaces. Generic Letter 86-10 does not distinguish between hot shorts involving cable conductors of separate cables and hot shorts Involving 
multiple conductors of a single cable.  

We request that NRR review this issue and provide Region III with guidance as to whether the licensee should have analyzed for two hot shorts in a multiconductor 
cable (non-Hi/Low pressure interface). This issue should also be reviewed for 
possible generic implications. It should be noted that the licensee has 
committed to reroute the affected cables.  

If you require addtional information or clarification regarding this issue, 
,lease contact Mr. D. S. Butler of my staff at FTS 388-5796.  

DRIGINAC SIGNED BY HUBERT J. MiLE.• 
Hubert J. Miller, Director 
Di,ision of Reactor Safety 

Attachments: 
1. Pages 13 and 14 of Inspection 

Reports No. 50-315/89004; 
50-316/89004 

2. AEP's "double break" 
Philosophy 

3. Control Cable Information 
4. Valve Control Circuit 

Schematics 
5. LER 50-315/88014 
6. LER SO- 3 15/88014-Retraction 

cc w/attachments: 
F. Eltawila, SORI 
T. T. Martin, RI 
A. F. Gibson, RII J. L. Iiilhoan, RIV 
D. F. Kirsch, PV 
J. F. Stang, NRR 
B. L. Burgess, R111 
3. L. Jorgensen, SR:, 

D. C. Cook
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July, 2000

CIRCUIT ANALYSIS PRINCIPLES COMPARISON 

The following deterministic NRC comparison table supports the 7/26/00 NRR, NEI, BWROG 
circuit analysis meeting by illustrating the post-fire SS/D circuit analysis regulatory environment 

Interim Definitions (SNL "standard terminology" pending): 

Cable Damage: Loss of insulation or shielding as a result of fire or its effects 
Cable Failure: Cable electrical conductors either open/broken or, for practical purposes, 
physically in contact, whether the conductors are energized or not.  
Circuit Fault hot short, short to ground, or open circuit 
System Impact: An equipment spurious actuation or operation, or failure of equipment to operate 
as a result of one or more independent circuit faults acting simultaneously.  

PrInclile #1: A single circuit fault may cause one or more spurious actuations, one or 
more actuation signals, faulty controller operations (IN 92-18), faulty logic and Interlock 
circuit outputs, and/or false Instrument readings.  

Principle #2: A single actuation signal may cause a set of spurious actuations..  

Principle #3: Two or more circuit faults may simultaneously/concurrently exist In the fire 
area, room or zone to cooperatively cause one or more spurious actuations, one or more 
actuation signals, faulty controller operations (IN-92-18), faulty logic and interlock circuit 
outputs, and/or false Instrument readings. Although the probability of simultaneous 
circuit faults tends to decrease with physical separation (e.g. placement in separate and 
filled cable trays), horizontal distance (especially shortly after fire Inception), and/or the 
presence of rated fire barriers, there Is no data which would support blanket analytical 
treatment of circuit faults on a one-at-a-time basis.  

Principle #4: Two or more circuit faults may simultaneouslylconcurrently exist in the fire 
area, room or zone, each of which Independently causes a one or more spurious 
actuations, one or more actuation signals, faulty controller operations (IN 92-18), faulty 
logic and Interlock circuit outputs, and/or false Instrument readings. Although the 
probability of simultaneous circuit faults terlds to decrease with physical separation (e.g.  
placement In separate and filled cable trays), horizontal distance (especially shortly after 
fire Inception), and/or the presence of rated fire barriers, there Is no data which would 
support blanket analytical treatment of circuit faults on a one-at-a-time basis.  

Principle #5: All circuit faults (or sets of circuit faults) potentially affecting post-fire safe 
shutdown need to be considered In the area, room or zone under consideration (e.g.  
analysis of only a specific single actuation, a single worst cdse actuation, or an artificially 
limited number of "worst case" spurious actuations, Is not appropriate).  

Principle #6: Because "free of fire damage"means that components are capable of 
performing their Intended functions during and after the postulated fire, automatic/remote 
control functions may be disabled and manual actions (manual control, local control, or 
manual operation) may be taken outside of the fire affected area to achieve post-fire safe



shutdown. In a related vein, travel through the fire affected area shall not be credited for 
hot shutdown.  

Principle #7: Because "free of fire damage" means that components are capable of 
performing their Intended functions during and after the postulated fire, mitigation of the 
effects of fire damage can not pe dependent on the proper operation of circuits or 
nquipment potentially affected by the same fire. For example, for the case of two series 
valves In a primary system drain path, if both valves may be spuriously opened due to 
the effects of the same fire, the mitigating conditions for the opening of one valve can not 
Include the shut position of the other of the two valves.  

Principle #8: Potential fire effects, when helpful to the conduct of post-fire safe shutdown 
(e.g., (in some situations), loss of offslte power, or loss of automatic logic signals), 
should not be assumed to exist.  

Principle #9: All mitigating actions need to be evaluated for feasibility with respect to 
manpower availability, timing (e.g. thermo-hydraulic tUmeline and sequencing of 
activities), pre-planned access routes which avoid fire affected areas, lighting, habitability 
(e.g., dewatering, smoke removal), accessability (e.g., security barriers, ladders) to 
ensure that the III.G.2 and III.G.3 plant condition/parameter requirements are met (e.g., 
hot shutdown or hot standby conditions, process variables maintained within those 
predicted for a loss of normal a.c power, coolant above top of coretwithin pressurizer 
level, etc.).  

Principle #10: Associated circuits can directly and/or Indirectly negatively affect the post
fire safe shutdown process, either by directly preventing the operation (or causing 
maloperation) of designated safe shutdown equipment, or by affecting the operation of 
non-safe shutdown components which can Interfere with the post-fire safe shutdown 
(e.g. drain a volume which contains makeup coolant).  

Principle #11: Circuit faults can cause mechanistic damage to equipment and 
components (e.g. IN 92-18 motor operated valve torque damage, or failure of pump 
recirculation/minimum flow valves to open or remain open).  

Principle #12: Fire protection features must be used to mitigate spurious actuations.  

Principle #13: It must be assumed that uncontrolled fires eventually affect all components 
simultaneously.  

Principle #14: A single external hot short affects only one conductor at a time in a multi
conductor cable (the "hot probe" concept).  

Principle #15: For high/low pressure Interfaces, it Is credible to postulate proper polarity 
three phase faults and proper polarity DC faults In ungrounded circuits.  

Principle #16: Risk-informed approaches to circuit analysis are required to have AHJ 
(authority having jurisdiction) approval and be adequately documented.

Principle #17: Multiple high impedance faults Is a credible fire scenario.



1 Concur Silent Possibly concur, but 
unclear.  

2 Concur Silent on the existence of Appears close to 
multiple simultaneous concurrence, but does 
spurious actuations. not explicitly address an 
[Admits to energized actuation signal which 
conductors inside of a may cause multiple 
multi-conductor cable operations. A more 
shorting to multiple refined industry position 
conductors within that would be useful.  
cable. This is a special 
case of multiple 
simultaneous and 
independent circuit 
faults.] 

3 Concur Concur Non-concur 

4 Non-concur. "Any and Silent on multiple Non-concur 
all spurious actuations, spurious actuations 
taken one at a timen, resulting from 
which is a long-time independent circuit 
NRC inspection and faults.  
has appeared in some 
licensing documents, 
argues against a 
requirement to 
analytically apply this 
principle.  

5 Concur Silent Indeterminate (the 
requirement to mitigate 
after identification is 
lacking). A more refined 
industry position would 
be useful.  

6 Concur Silent Non-concur 

7 Concur Concur Non-concur 

8 Concur Silent Concur

NFPA SOS NEi/BWROG



9 Concur Silent Non-concur [Concurs 
only with respect to the 
prevention of 
"*unrecoverable 
conditions,3 not 
specifically hot 
shutdown for redundant 
trains.] 

10 Concur Silent Unclear. Awaiting fire 
test results.  

11 Concur Non-concur. The explicit Non-concur (based on 
definition of risk arguments).  
"consequential damage* 
does not include the 
concept of mechanistic 
damage.  

12 NRR has not taken Concur Silent 
this position in the 
past.  

13 NRR has not taken Concur Silent 
this position in the 
past.  

14 Silent. Final Sandia Concur Silent 
Report Circuit 
Analysis - Failure 
Mode and Ukelihood 
Analysis" may answer 
this question.  

15 Concur Concur Unclear. Awaiting fire 
test results.  

16 Concur Concur Concur (NRC 
approvaVendorsement 
Is being sought).  

17 Concur Silent Unclear. Awaiting fire test results.
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July 26, 2000 

NEI Views on Resolution of 
Circuit Failure Issues 

Fred Emerson (NEI).

Contributors 

"* BWR Owners Group 

"* EPRI 
"• NFPA Technical Committee on Nuclear 

Facilities 

"• NEI Circuit Failures Issue Task Force 
"• NEI Fire Protection Working Group

Status of Circuit Analysis 
Guidance Documents 

"* BWROG guidance document (submitted 1/99) 

"* NEI 00-01 (draft) 
- BWROG guidance document 
- PWR insights 
- EPRI circuit failure characterization 
- NEI ITF PSA methods 

"* NFPA 805 (draft)



2

BWROG Guidance Document 

"* Provides thorough deterministic method for 
performing circuit analysis 

"• Reflects circuit analysis practices in many 
approved plant licensing bases 

"* Addresses current circuit analysis issues

NEI 00-01 

"• Addresses unresolved circuit analysis issues 

"• Only method that addresses safety significance 
of unresolved issues 

"• Applicable to all plants 
- Builds on BWROG deterministic methods 
- Addresses PWR systems

NFPA 805 

* RI/PB NFPA standard to support optional 
alternative licensing basis 
- Circuit analysis guidance is deterministic 
- Provides far alternative risk-informed methods 
- Applicable only if plant commits to it 

"* "Raises the bar" for deterministic circuit analysis without 
a clear basis 

"* Not appropriate for judging adequacy of methods in 
current licensing bases accepted by NRC
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Present and Future

NEI 00-01 

B W R O G P W R N E I C F IT F " n i sti c) " 

(determainisdc) Insights (probabilistic) (deterministic) 

GOAL 
A single nisk-infonned method accepted by NRC for use 
by all licensees within either the current licensing basis 

or an alternate basis defined by NFPA 105

Short Term Recommendations 

* NRC should accept NEI 0O-OI/BWROG 
method 
- NEI 00-01 meets OMB Circular A-I 19 guidance 

for consensus industry standards on its own merits 
" Openness 
"• Balance of interest 
"* Due process 
"• Appeals process 
"* Consensus 

'C

Short Term Recommendations 

* NRC should accept NEI 00-OI/BWROG 
method 
- NFPA 805 Appendix B reference to other risk

informed methods also allows NRC acceptance 
of NEI 00-01 

- NEI 00-01 is the only risk-informed method 
- Determines risk significance of potential circuit 

failures
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Long Term Recommendations 

Develop a single risk-informed method (NEI 
00-01) / 
- Addresses specific circuit analysis issues 

• Does not replace exising circuit analysis 
- Uses appropriate risk criterion as input to circuit 

selection to focus on high-consequence potential 
failures 

- Addresses potential for simultaneous spurious 
actuations

Long Term Recommendations 

* Develop a single risk-informed method 
(NEI 00-01) 
- Uses accepted deterministic circuit analysis 

methods 
- Appropriate for all plants 
- Provides appropriate risk guidelines to 

determine safety significance of potential 
circuit failures 

;•ir.

Long-Term Recommendations 

• After NRC and industry accept the NEI 00
O0/BWROG guidance 
- NFPA should revise NFPA 805 Appendix B to 

incorporate the industry guidance 
- NRC should endorse the NEI 00-Ol/ BWROG 

guidance for use under the existing licensing 
basis (exemption/deviation), and.  

- NRC should endorse the NEI 00-OI/ BWROG 
guidance for use under the NFPA 805-based .  
licensing basis ;6



(AGeneric Screen • Direct, immediate, unrecoverable consequences 
(Appendix G) Circuit Failure characterization (Appendix H)

NRC inspection findings or NEI 99-05 self
assessment question responses

1 
I I Ii.

I Combinations of 
concen identified

No combinations or failures of 
concern (low probability)

Identify systems needed for post-fire safe 
shutdown (see Sect. 3.1, Fig. 3-1)

Identify equipment needed for safe 
shutdown systems to perform Appendix R 
function (see Sect. 3.2, Fig. 3-2) F-
Select and locate safe shutdown 
equipment cables (see Sect. 3.3, Fig. 3-3)

FIdentiy electrical distribution equipment

Determine affected cables and equipment 
(see Sect. 3.4, Fig. 3-4 Step 2) 

Determine least affected shutdown path 
(RSSP - Required Safe Shutdown Path) 
(See Sect 3.4, Fig. 3-4 Step 3))

I Circuit failure characterization 
(Appendix H) I

P...T.......................... .... EC......................................... ,... ............ ........ . ........  

PLANT-SPECIFIC

I~Evaluate resolution 
alternatives

Evaluate safety significance 
(see Appendix I)

I

Develop resolution II 
strategies (See Section J 
3.4, Figure 3-4 Step 5)

NEI 00-01 Process Flow Chart

Screen out if SM and 
DID considerations 
permit

Document results 
(see Sect. 3.4, Fig.  
3-4 Step 6)

.IM•DI4I

I

w v i

Determine equipment needs to RSSP 
(see Sect. 3.5, Fig. 3-4 Step 4)
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2 .........1=- 1 * ..... ...............................
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

April 21, 2000 

Mr. W. Glenn Warren, Chairman 
BWR Owners Group 
Southern Nuclear 
40 Inverness Center Parkway 
P.O. Box 1295 
Birmingham, AL 35242 

SUBJECT: DRAFT REQUEST FOR ADDITIONAL INFORMATION - BOILING WATER REACTOR OWNERS GROUP GUIDANCE DOCUMENT, "BWR OWNERS' 
GROUP APPENDIX R FIRE PROTECTION COMMITTEE GENERIC GUIDANCE 
FOR BWR POST-FIRE SAFE SHUTDOWN ANALYSIS" (TAC NO. MA8544) 

Dear Mr. Warren: 

By letter dated November 15, 1999, the Boiling Water Reactor Owners Group (BWROG) submitted a document titled, "BWR Owners' Group Appendix R Fire Protection Committee Generic Guidance for BWR Post-Fire Safe Shutdown Analysis." This document is a proposed methodology for the conduct of deterministic licensee analyses of fire-induced circuit failures.  

Upon receipt of the BWROG document, the Plant Systems Branch (SPLB) requested that the Probabilistic Safety Assessment Branch (SPSB) of the Division of Systems Safety and Analysis, and the Electrical & Instrumentation and Controls Branch (EEIS) of the Division of Engineering, comment on the subject BWROG document. Questions posed by EEIB are summarized in Enclosure 1. Questions posed by SPSB (less question 1.1) are provided in Enclosure 2.  Revisions and deletions were made to the EEIB and SPSB inputs to better coincide with fire protection inspection practices 'and the regulatory structure of 10 CFR 50.48 and 10 CFR Part 
50, Appendix R.  

The staff also contracted with Sandia National Laboratory (SNL) to technically review the BWROG document, assess its adequacy, and audit the document against the commitments made by the BWROG during an August 18 and 19, 1999, meeting with the U. S. Nuclear Regulatory Commission (NRC) staff. SPLB concurs with the SNL review results. SNL 
comments and questions are provided as Enclosure 3.  

The staff would like to schedule a meeting with the BWROG to obtain a clearer understanding 
of these issues.



I

Mr. W. Glenn Warren -2- April 21, 2000 

The staff will issue a final request for additional information subsequent to the meeting with any 
outstanding questions on issues that require clarification. Please contact me at (301) 415-3016 
if you have any questions and to schedule the meeting.  

Sincerely, 

Robert M. Pulsifer, Project Manager, Section 2 
Project Directorate I 
Division of Ucensing Project Management 
Office of Nuclear Reactor Regulation 

Project No. 691 

Enclosure: Draft Request for Additional Information

cc w/encl: See next page



BWR Owners Group 

cc: 
Mr. James M. Kenny 
BWR Owners' Group Vice Chairman 
PP&L, Inc.  
Mail Code GENAS-1 
Allentown, PA 18101-1171 

Mr. Thomas J. Rausch 
RRG Chairman 
Commonwealth Edison Company 
Nuclear Fuel Services 
1400 Opus Place, 4th Floor 
Downers Grove, IL 60515-5701 

Mr. Drew B. Fetters 
PECO Energy 
Nuclear Group Headquarters 
MC61A-3 
965 Chesterbrook Blvd.  
Wayne, PA 19087-5691 

Mr. H. Lewis Sumner 
Southern Nuclear Company 
40 Inverness Parkway 
PO Box 1295 
Birmingham, GA 35201 

Mr. Carl D. Terry 
Vice President, Nuclear Engineering 
Niagara Mohawk Power Corporation 
Nine Mile Point - Station 
OPS Bldg/2nd Floor 
PO Box 63 
Lycoming, NY 13093 

Mr. George T. Jones 
PP& L, Inc.  
MC GENA6-1 
Two North Ninth Street 
Allentown, PA 18101

Project No. 691

Mr. John Kelly 
New York Power Authority 
14th Floor Mail Stop 14K 
Centroplex Building 
123 Main Street 
White Plains, NY 10601

Mr. Thomas G. Hurst 
GE Nuclear Energy 
M/C 182 
175 Curtner Avenue 
San Jose, CA 95125 

Mr. Thomas A. Green 
GE Nuclear Energy 
MIC 182 
175 Curtner Avenue 
San Jose, CA 95125

a a
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DRAFT REQUEST FOR ADDITIONAL INFORMATION 

ELECTRICAL & INSTRUMENTATION & CONTROLS BRANCH 

BOILING WATER REACTOR OWNERS GROUP GUIDANCE DOCUMENT 

"BWR OWNERS' GROUP APPENDIX R FIRE PROTECTION COMMITTEE 
GENERIC GUIDANCE FOR BWR POST-FIRE SAFE SHUTDOWN ANALYSIS" 

PROJECT NO. 691 

Synopsis of Electrical and Instrumentation Controls Branch Questions 

1. In Section 1.3.1, confusion exists In the second paragraph (which focuses on fire
induced spurious operations which can prevent safe shutdown path equipment from 
performing their intended functions) as to which equipment the paraegraph refers.  
Please clarify which equipment (safe shutdown equipment or non-safety equipment) is 
undergoing spurious operations. To the extent this paragraph refers to spurious 
operation of safe shutdown equipment Itself, it would seem that the discussion belongs 
in Section 1.3.6, "Safe Shutdown Equipment Impacts." To the extent this paragraph 
refers to associated circuits for non-safety equipment, it would seem that the discussion 
belongs in Section 3.3.2, "Associated Circuit Cables." 

2. In the second paragraph of Section 3.0, the assertion that equipment and cables for fire 
detection and suppression systems, communication systems and 8-hour emergency 
lighting systems are not necessary for completion of the required post-fire safe 
shutdown functions' is incorrect. While their protectiontfire separation may not be 
governed by Section III.G. of Appendix R, these items are in many cases vital for the 
completion of required post-fire safe shutdown functions. Please clarify the BWROG 
position on the necessity of these items.  

3. In Section 3.1.1.8, a "72 hour coping period" Is postulated starting with a reactor scram, 
but no guidance Is provided for identification of time dependencies. What process or 
criteria does a licensee's engineer follow to Identify time dependencies for post-fire safe 
shutdown? 

4. The technical bases for the assumptions of Section 3.2.1.5 are not provided. Please 
provide the technical justifications for all of the assumptions in Section 3.2.1.5.  

5. The discussion in Section 3.3.1.7 Is disjointed and rambling. Perhaps the entry In 
Section 4.0 (Definitions') of a set of concise definitions related to fuse/breaker 
coordination and a subsequent discussion in Section 3.3.1.7 using well-defined terms 
would provide clarity.  

6. Why are "system logic diagrams" excluded from the list In Section 3.3.3.1?
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7. Section 3.5.1.3 seems to assume some unspecified (but apparently elementary) level of 
electrical analysis has already been conducted by the licensee's engineer, since 
assertions are made regarding the response of circuits to fire. Please consider whether 
it may be more clear to address this topic as a set of potential Impact cases (e.g., 
"Establish that Indication cables are Isolated from the primary control circuits required to 
operate the safe shutdown equipment andlor equipment which may interfere with post
fire safe shutdown"). -
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Selected Probabilistic Safety Assessment Branch Questions 

Questions from Main Body of Report 

1.1 Deleted.  

1. Section 3.2.1.5 states that instruments are assumed to fail up-scale or down-scale as a 
result of fire damage. Is the actuation of related components or spurious indications 
considered as well? 

2. Sections 3.2.1.6 and 3.4.1.8 indicate that Instrument tubing (impulse lines/sensing lines) 
that may cause subsequent effects on instrument readings or signals should be 
identified. There is no discussion on the identification of instrumentation cables that 
may be affected with respect to temperature (similar to EQ) effects or fire damage.  

3. Section 3.3.1.3 discusses Instrument loops and isolation devices. Control circuits may 
also have isolation devices Installed (coil to contact for example). Should the Isolation 
devices installed on control circuits be evaluated as well? 

Questions reaarding ApDendix B. Consideration of NRC IN 92-18. (Particularly B.5.0 - Risk 
Sionificance Review) 

B-1. Cable spreading room. BWROG provides an assessment of the significance of 
spurious actuations for a fire In the control room due to the potential for spurious 
actuations prior to transfer of control from the control room. However, spurious 
actuations prior to transfer may occur as a result of control room evacuation due to a fire 
in a non-divisionalized cable spreading room. As a result, the significance of spurious 
actuations should be evaluated for a fire In the cable spreading room also.  

B-2. Evacuation of Control Room Basis. BWROG Indicates that the control room would be
evacuated upon a loss of Division I ESF MOVs necessary for alternate shutdown, in 
addition to a loss of Division 2 safe shutdown equipment. Are there no other cases 
where a loss of several cabinet bays would damage enough safe shutdown equipment 
such that evacuation of the control room would be necessary and spurious actuations an 
issue? 

B-3. Smoke forced evacuation. BWROG assesses the potential for spurious actuations due 
to control room evacuation due to damage in redundant divisions. However, according 
to Sandia National Laboratory studies (NUREGICR-4527, Vols. 1 & 2), smoke 
obscuration of panels due to a single cabinet fire can force control room evacuation.
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This smoke forced evacuation has not been evaluated. Evaluate this scenario for all 
appropriate cabinets, and sum the resulting CDF contributions.  

B-4. Physical configuration factor. BWROG deduces a physical configuration factor which 
describes the likelihood of propagation of fire from the cabinet bay of fire origin. In 
particular, as a part of that determination, BWROG Indicates that a fire In a bay of a 
cabinet can damage equipment In an adjacent bay without damaging any other.cabinet 
section. However, it Is expected that once the fire propagates beyond the cabinet 
section of fire origin and gains the additional fuel In the neighboring cabinet section, it 
would continue to propagate throughout the entire cabinet. BWROG even specifies that 
penetrations with cables exist In the single Interior wall separating cabinet sections.  
Therefore, BWROG should justify its assumption that once a fire develops significantly 
enough to propagate beyond a single bay, that the fire can be stoppe:d from propagating 
to other bays.  

BWROG does not consider propagation of fire from cabinet to cabinet. Provide the 
basis for this assumption.  

BWROG only considers the significance due to the loss of a single division of alternate 
shutdown MOVs and the other train of safe shutdown, but as the physical configuration 
factor shows, only a single division can be lost. Provide an assessment which 
addresses the significance of a loss of one division with the possibility of spurious 
actuations. In this answer, address whether spurious actuation(s) due to a fire confined 
to a single panel could impair safe shutdown from the redundant train. Consider the 
remaining cabinets in the control room. You may perform a bounding calculation.  

Are there significant differences in physical configuration factor for control room cabinets 
In non-BWR6 plants? For example, how would the physical configuration factor take 
into account cabling which can exist beneath all bays of a cabinet in a BWR, are not 
separated according to bay with metal sheets, and do not have metal sheets isolating 
the cabling ducts from the open cabinets above? The concern is that multiple bays, and 
possibly all bays, can be exposed simultaneously to a fire (or its byproducts which can 
damage cabinet hardware)? 

Identify any other significant differences between BWR6 and non-BWR6 control rooms 
which would affect the physical configuration factor. Address the significance 
qualitatively, or if necessary, quantitatively. (NRC Is aware that BWROG indicated that 
no significant differences existed between BWR6 and non-BWR6. However, due to the 
above observation that multiple, and possibly, all bays In a cabinet can be affected by a 
single fire in a non-BWR6, the preceding question about significant differences was 
asked.) 

BWROG states that most cabinets In the BWR6 control room have detectors. Are these 
detectors for smoke or heat? What percentage of non-BWR6 control rooms have 
safety-related cabinets without detectors? Are these detectors for smoke or heat?
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B-5. Probability of Hot Short. BWROG references NUREGlCR-2258 for the probability 
distribution of a hot short given that the adequate fire has occurred. According to a 
recent Sandia National Laboratory (SNL) study on Circuit Failure Mode and Likelihood 
Analysis (Ref. Memorandum from Thomas L. King to Gary M. Holahan dated 
December 29, 1999, entitled Draft SNL Letter Report, "Circuit Failure Mode and 
Likelihood Analysis%, the experimental data suggest that the probability of conductor-to
conductor hot shorts given an adequate fire is 0.3 to 0.6. According to SNL, a recent 
supplement to that repoft which considers additional data will Indicate that the probability 
of conductor-to-conductor hot shorts could be as large as 0.8. In other words, the hot 
short distribution cited in NUREG/CR-2258 appears to substantially underestimate the 
hot short probability for general multi-conductor cables. As a result, BWROG should 
adjust their calculation of hot short significance, or provide adequate justification for their 
hot short probability.  

B-6. Ten minutes for transfer after evacuation. Appendix B, Page 5, Item 2 states that for 
most BWRs, the time from the evacuation of the control room to the time that the 
alternative shutdown system is isolated from the control room will not exceed ten 
minutes in duration. For those BWRs which require more than ten minutes, how much 
time is required and what is the basis for the added time requirement? Has ten minutes 
been shown to limit the occurrences of hot shorts and spurious actuations before the 
alternate shutdown system is activated or before the alternate shutdown system itself 
may be disabled by a fire? 

B-7. Conclusion: Due to the above concerns, BWROG needs to address the above 
questions prior to NRC deciding on whether it agrees with the BWROG conclusions for 
Appendix B.  

Questions regarding Aopendix G. Combined Eouipment Impacts. (Especially G.4.0 Risk 
Insights) 

G-1. Severity Factor. BWROG Indicates that a probability of a damaging fire varies between 
3E-2/yr and 3E-3/yr. Yet, the severity factor which describes a damaging fire Is typically 
between 0.1 and 0.2 (EPRI Fire PRA Implementation Guide). BWROG used a severity 
factor in this range (i.e.. 0.1 to 0.2) In Appendix B to describe the conditional probability 
of having a damaging fire In the control room. Since BWROG Is diverging from these 
severity factor values in Appendix B, provide justification for these new values.  

G-2. Probability of Hot Short. As indicated In B-5. the probability of a hot short may be much 
greater than the 0.068 assumed in this analysis. Also the probability of a second hot 
short is not necessarily independent of the first hot short, contrary to the BWROG 
assumption In its analysis. In addition, please explain from a probabilistic viewpoint the 
statement in the G.3.0, Safety Assessment, that spurious actuations induced by a fire 
occur one at a time, and indicate its Impact on your analyses In Appendix B as well as 
Appendix G.
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G-3. Other failure mechanisms besides hot shorts. BWROG only analyzes hot shorts in its 
risk assessment as opposed to other circuit failure mechanisms, I.e., open circuit and 
short to ground, identified In Section 3.5.2, Types of Circuit Failures. Besides loss of 
power and control to safe shutdown equipment due to open circuits and shorts to 
ground Identified In this section of the BWROG report, spurious indication can occur In 
the control room, or locally, due to a spurious signal from open circuits and shorts to 
ground. As a result, BWROG needs to provide further justification than its statement 
that hot shorts are the only circuit failure mechanism considered since hot shorts are the 
circuit failure mechanism most likely to cause spurious actuations or signals.  

G-4. Manual Suppression. BWROG credits a severity factor which Is based on detection and 
suppression, as well as credit manual suppression via the fire brigade term. Crediting 
manual suppression directly through the fire brigade term (which Incorporates early 
detection and suppression via personnel with hand held extinguishers), and indirectly via 
the severity factor can lead to double-counting of manual suppression. Remove credit 
for either the severity factor or manual suppression in your assessment, or provide -a 
justification which eliminates the double-counting conflict.  

G-5. Conclusion. Due to the above concerns, NRC needs answers to the above questions 
prior to deciding on whether to agree on the BWROG conclusions for Appendix G.
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INTRODUCTION

This report summarizes the results of Sandia National Laboratories' technical review of the 
document "Generic Guidance for BWR Post-Fire Safe Shutdown Analysis," prepared by the 
BWR Owners' Group Appendix R Committee.  

The BWROG document presented topics much broader than the deterministic circuit analysis 
methodology previously expected. Consequently, the Sandia review of the BWROG document 
covered all the topics presented, however, the issues involving circuit analysis (especially the 
discussions presented in Section 3.5) were the principal focus of this review.  

Comments, questions, and findings of interest from the Sandia review are grouped into one of 
three areas: Technical comments, audit of contents to August 1999 agreements and editorial 
comments.  

1. TECHNICAL COMMENTS 

3. General Comment: 

Throughout the BWROG document, reference is made to the appendices to the document.  
However, the intended stature of the appendices is never stated. The question is, are the appendices to be considered as fundamental parts of this guidance document or are they provided 
only as supplemental information sources? The BWR Owners' Group Appendix R Committee 
should include an explanation or disclaimer regarding the intended purpose of the appendices in* 
the Introduction of the guidance document.  

3. Executive Summary 

In the first sentence of the second paragraph, the statement "using a one failure at a time analysis 
methodology" is rather ambiguous. Are they proposing only postulating a single circuit fault as opposed to a single component failure (e.g., one short circuit as opposed to one spurious valve 
operation or inoperable condition)? Furthermore, in Attachment 4 to the memorandum, Dembek 
to Richards, "Summary of Meeting with the Boiling Water Reactors Owners Group (BWROG) 
Appendix R Committee on Post-Fire Safe Shutdown Circuit Analysis Issues (Fire-Induced 
Circuit Failures)," September 3, 1999, it was agreed that the BWROG circuit analysis 
methodology document would address deterministic evaluations of the effects of electrical faults 
on power, control, and instrumentation circuits and provide an assessment of the resultant 
combinations of multiple spurious signals and/or spurious actuations. The one failure at a time 
analysis approach does not appear to meet these conditions. The BWROG Appendix R 
Committee should clearly define their intent and justification for the one failure at a time analysis 
methodology.
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3. Section 1.3

The third sentence of the seventh paragraph states,"This assumption [unprotected circuits are 
assumed to be damaged] is only conservative in terms of not being able to credit the systems and 
equipment associated with these circuits in support of post-fire safe shutdown." However, 
simply assuming that a system may not be credited does not account for the possibility of 
spurious or maloperation of the equipment, which may result in consequences much more severe.  
The BWR Owners' Group Appendix R Committee should discuss the impacts of and mitigation 
techniques for spurious operation of equipment and improper operation of equipment.  

4. Section 1.3.1 

In the second paragraph, the list of spurious operations that could adversely affect the safe 
shutdown functions is too narrowly focused and incomplete. The list is focjised primarily on the 
spurious operations which could open up flow diversion paths or could bloci intended flow 
paths. However, spurious operation of components could also cause the equipment to operate to 
damage (e.g., the IN 92-18 MOV issue) without necessarily changing the state of the system 
configuration. It is only when the system needs to be configured for safe shutdown functions that 
the damaged component becomes a hazard to completing the safe shutdown function. Pumps too 
can spuriously operate to damage, for example, by running continuously against a high discharge 
pressure or by running continuously without an adequate suction head. It is recommended that 
the BWROG Appendix R Committee modify the list to include "those that can lead to damage to 
components that may be needed to achieve safe shutdown." 

The list is also incomplete in that it makes no mention of the concern for completing the 
reactivity control functions required for safe shutdown, nor does it mention the concern for 
proper operation of the support systems and components needed to ensure the primary safe 
shutdown systems can perform their functions properly. It is recommended that the BWROG 
Appendix R Committee expand the list to include those functions.  

S. Section 1.3.3 

The BWROG Appendix R Committee should expand Section 1.3.3 to address the requirement 
for defining the required support systems and equipment, and the process instrumentation needed 
for each safe shutdown path.  

In addition, it is recommended this section discuss the requirement that High/Low pressure 
interface valve circiuits must be analyzed for multiple, proper polarity hot short conditions. (Ref.: 
GL 86-10, response to question 5.3.1 Circuit Failure Modes.) 

6. Section 1.3.4
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In the fourth sentence of the second paragraph, it is unclear what "... all power cables associated 
with each bus in the EDS..." (emphasis added) refers to. Presumably, this refers in part to a need 
to identify both safety and non-safety cables on the same busses. It is recommended that the 
BWROG Appendix R Committee clarify that these "power cables" include both load circuits as 
well as bus feeder circuits.  

It is also recommended that section 1.3.4 be expanded to discuss the requirements for identifying 
those cables associated with safe shutdown circuits by common enclosures. In addition, the 
BWROG Appendix R Committee should identify those systems, components and circuits 
necessary to provide the required process monitoring functions.  

7. Section 1.4 

The last sentence in the first paragraph states that the methodology ensures the ability to satisfy 
the safe shutdown functions and assures the capability to achieve and maintain safe shutdown.  
The method provided in the BWROG document cannot, in and of itself, ensure the ability to 
satisfy the required safe shutdown functions of IOCFR50 Appendix R, nor can it (the method) 
assure the ability to achieve and maintain safe shutdown. The BWROG Appendix R Committee 
should reword this statement to indicate that the proposed methodology simply provides a means 
for identifying those systems and components needed to achieve and maintain safe shutdown 
conditions following a fire in any plant fire area, and for identifying and evaluating any threats to 
those systems and components which might prevent them from performing their safe shutdown 
functions if a fire in any plant fire area were to occur.  

8. Section 2.1 

Regarding the second and third sentences in the fifth paragraph (which begins with, "In Section 
111.G..."), does the performance goal for the GE BWR satisfy the requirements of MI.G in 
Appendix R? The BWROG defined performance goals for GE BWRs do not appear to require 
the plant to go to cold shutdown conditions. Even under full power operation, one would expect 
that they would strive to prevent any fuel cladding damage, rupture of the primary coolant 
boundary or rupture of the primary containment. It is recommended that the BWROG Appendix 
R Committee restate the performance goal for BWRs to better meet the intent of Appendix R 
Section M.G.  

The second sentence of the sixth paragraph loosely ties in the allowance of operator manual 
actions to the intent of the term free of fire damage. As stated in GL 86-10, the term free of fire 
damage is intended to mean "the structure, system or component under consideration is capable 
of performing its intended function during and after the postulated fire, as needed." (Emphasis 
added.) Thus, any manual actions required to accomplish safe shutdown functions must also be 
protected from the effects of the fire and must be possible in a timely manner. Regarding this 
issue, the BWROG Committee should discuss the need for and provide guidance on ensuring 
protective features, needed to assure the ability to accomplish any required manual actions, are in
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place. A related discussion should address the corresponding time-critical aspects of performing 
those manual actions necessary to achieve hot shutdown.  

The last sentence in the ninth paragraph states, "...manual operator actions and repairs may also 
be used for certain equipment required to achieve and maintain post-fire safe shutdown." Is the 
meaning here that protecting (all, many or some) structures, systems, and components important 
for safe shutdown is unnecessary in that the required post-fire safe shutdown functions can be 
adequately accomplished solely by virtue of operator action(s)? Is this based on the BWROG 
Appendix R Committee's definition of 'free of fire damage?" The meaning here needs to be 
clarified. Also, Appendix R only allows for repairs in the case of cold shutdown equipment. The 
BWROG Committee should clearly state the limitations on the extent of manual actions allowed 
to accomplish hot shutdown.  

The final paragraph of this section concludes by stating, "...Safety Determinations may be used to 
justify configurations that meet the underlying goals of Appendix R, while not meeting certain 
specific requirements." (Emphasis added.) The meaning of the final clause is very unclear, the 
BWROG Appendix R Committee should include a clarifying example. It appears that, as 
written, the intent is that the Safety Determinations can be used as an alternative to the Appendix 
R exemption process, which is not true. The BWROG Committee needs to be more explicit with 
respect to compliance under the discussions provided-in paragraph C of Generic Letter 86-10 and 
the interpretation of fire area boundaries (Item 4 in Enclosure I to GL 86-10).  

9. Section 3.0 

The second paragraph states that fire detection and suppression systems, communications and 
emergency lighting are important features of defense-in-depth fire protection, but that they are 
not necessary for completion of post-fire safe shutdown functions, they are not governed by the 
requirements of Appendix R Section MU.G., and thus, circuit analysis and fire impact mitigation 
techniques are not applicable for those systems. However, they will still be needed in order to 
support the manual actions required to achieve and maintain safe shutdown in the event of a fire.  
The BWROG Appendix R Committee should discuss methods for ensuring communications and 
emergency lighting remain available during and after a fire to support the manual actions needed 
to accomplish safe shutdown.  

10. Section 3.1 

The bulleted list, following the second paragraph, does not include suppression pool cooling as a 
post-fire safe shutdown requirement. Generic Letter 81-12, for example, calls this item out 
separately. The BWROG Committee should include this function explicitly in the list of 
functions important to post-fire safe shutdown in a BWR.  

The two bullets, following the fourth paragraph, are too narrow in scope. The preceding 
paragraph leads one to believe that these conditions are the 2& results of spurious equipment 
operations to raise concern in a BWR. The broader issue concerns the ability to achieve and
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maintain safe shutdown. The two bulleted items are simply examples (although serious ones) of 
the possible effects of spurious equipment operations. The BWROG Appendix R Committee 
should expand the list to include spurious operation concerns for system support functions and 
required instrument and control functions.  

11. Section 3.1.1.1 

The GE Report GE-NE-T43-00002-00-01-RO1, "Original Safe Shutdown Paths for the BWR," is 
listed as a source of information when developing safe shutdown paths. Later in this sAme 
paragraph the claim is made that "Any of the shutdown paths (methods) described in this report 
are considered to be acceptable methods for achieving redundant safe shutdown." (Emphasis 
added). This, of course, raises the question, "Considered acceptable by whom?" Since there has 
been no indication that the shutdown paths and methods described in the cited report have been 
endorsed by the NRC staff at this time, the BWROG Committee should proyide justification for 
this assertion.  

12. Section 3.1.1.8 

The meaning or intent of this paragraph is unclear. The first sentence assumes the 72-hour clock 
for cold shutdown starts at the time of reactor scram. The BWROG Appendix R Committee 
should provide a basis for this assertion.  

In addition, the second sentence states, "Fire induced impacts that provide no adverse 
consequences within this 72 hour period need not be included in the post-fire safe shutdown 
analysis." (Emphasis added.) Is this referring to the fact that cold shutdown capability is not 
required to remain free of fire damage, as long as it is repairable within 72 hours (per Appendix 
R Section MU.G.l)? The BWROG Committee should clarify the intent of this statement or 
provide an example case illustrating this point.  

13. Section 3.1.2.4 

The second bullet in the list of decay heat removal functions seems to be limited to those safe 
shutdown systems taking a suction from the suppression pool only. The BWROG Appendix R 
Committee should discuss why the requirement does not need to include all makeup water 
sources.  

14. Section 3.1.2.6.2 

The list of typical HVAC system uses does not mention alternative/remote shutdown area(s).  
The BWROG Appendix R Committee should discuss why alternative/remote shutdown area(s) 
are not included in the list of typical HVAC system uses.
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15. Section 3.1.3.1

The wording provided in this subsection does not provide guidance on what safe shutdown 
functions are required. Instead it offers a list of documents to review to identify the required safe 
shutdown functions. However, the specific functions required to achieve and maintain safe 
shutdown are not expected to differinarkedly among BWR designs. It is recommended that the 
B;WROG Committee move the discussion provided in this section and incorporate it into the next 
section (3.1.3.2), and replace it with a list of required safe shutdown functions similar to that 
provided in GL 81-12, Enclosure 1, Item 3, "Performance Goals." 

16. Section 3.2.1.1 

The reason for distinguishing between primary components and secondary components is not 
clear. However, the logic seems to run something like if a control switch (secondary component) 
is shorted by a fire then its associated valve (primary component) could change its position.  
There is a potential disadvantage to the approach of associating "secondary" components with 
"primary" components in order to shorten the SSEL. To illustrate, cables are clearly secondary 
components per this definition. Equipment on the SSEL is presumably mapped to fire areas, but 
cables are critical to safe shutdown. Hence, the secondary components will also need to be 
mapped. If there is no listing of these secondary components then the mapping may be 
incomplete and would be hard to audit. If the primary/secondary component approach is taken, 
then it is recommended that each primary component should be required to have a specific list of 
supporting secondary components'associated with it. The BWROG Appendix R Committee 
should clarify the fundamental difference between "primary" and "secondary" components, 
discuss the preferred method for documenting the secondary components associated with each 
primary component, and provide additional guidance for assigning specific components to one 
category or the other (e.g., instrument, control and power cables).
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17. Section 3.2.1.5

The assumption that instruments fail up-scale or down-scale is not necessarily true for all 
designs. Fire can change the physical characteristics of the cables (e.g., insulation resistance) 
such that the indicator will still provide an output reading, but it will be incorrect. Also, the 
mechanical portion of a tank-level indicator may not be affected by the fire, yet if an electronic 
signal is transmitted by the instrument, its cables may be susceptible to damage by fire. The 
BWROG Appendix R Committee should address the issues of fire-induced mis-indications of 
process instruments.  

oa.  

18. Section 3.3.1 

Section 3.3.1 does not discuss the need and rationale for analyzing the control circuits associated 
with safe shutdown equipment. Control circuits provide the greatest potential for causing safe 
shutdown equipment to become inoperable or to operate improperly due to the effects of hot 
shorts, open circuits, or shorts to ground. The BWROG Appendix R Committee should include a 
discussion of control circuit analysis in this section.  

19. Section 3.3.1.4 

This subsection seems to indicate that some cables/circuits can be screened from consideration 
solely on the basis of their function (annunciator, space heater, and computer input circuits are 
given as examples). They go on to say that these circuits must be isolated from the component's 
control scheme (circuit) in such a way that a cable fault won't affect the performance of the 
(control) circuit. First, screening of circuits should be based solely on the results of a rigorous 
circuit analysis, evaluating the impacts of the principal circuit failure modes on the equipment's 
ability to function as needed., Second, such an analysis will also help determine if the isolation 
devices/methods used to protect the control circuitry from the effects of an associated circuit 
(e.g., space heater) failure are adequate or need to be improved. For example, during the Browns 
Ferry fire in 1975, electric power, back-feeding through the resistor-isolated trip coil status 
lamps, kept the trip coils energized and prevented the operators from resetting the tripped circuit 
breakers. The BWROG Appendix R Committee needs to reconsider their position on this issue 
and modify the guidance given regarding cable/circuit evaluations or provide further justification 
for the current methodology.  

20. Section 3.3.1.6 

This section is unclear whether or not the BWROG considers an analysis of automatic initiation 
logic circuits necessary. They appear to advocate protecting such circuits from the effects of a 
fire. Nevertheless automatic initiation logic circuits must be analyzed for any potential effects on 
the safe shutdown systems they control (e.g., spurious operation of equipment). This is because 
the fire protective features applied to these circuits may be inadequate (e.g., a fir in the panel
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housing these circuit elements). It is recommended that the BWROG Committee clarify the 
discussion on the need for analyzing automatic initiation logic circuits.  

21. Section 3.3.2: Common Enclosure Cables 

This discussion should emphasize that the concern about associated circuits "not properly 
protected by an isolation device (breaker/fusey' includes the potential impact on safe shutdown 
cables from self-ignited cable fires in the associated circuit cables. The heat generated by fire
induced faults on non-essential cables may cause a secondary fire to occur within the c6imon 
enclosure, thereby exposing the required cables in the enclosure to risk from fire damage. The 
result could be the loss of both redundant trains of safe shutdown equipment. The BWROG 
Appendix R Committee should discuss the possibility for self-ignited fires in associated circuit 
cables not properly protected by isolation devices and the potential impact on safe shutdown 
equipment from those fires.  

22. Section 3.4 

Section 3.4 does not address the option of assessing the present state of the fire protection 
features already in place. These should be evaluated to determine their adequacy and to 
implement any required upgrades/repairs. The BWROG Committee should include guidance for 
evaluating existing fire protection features in each fire area and implementing the required 
upgrades and repairs.  

23. Section 3.4 

At the end of the first paragraph, the BWROG Appendix R Committee recommends that the 
circuit analysis and evaluation techniques from subsection 3.5 be applied in this process. The 
issue is that the BWROG Committee has recommended that circuit analysis and evaluation be 
incorporated in two or three of the previous subsection processes. The BWROG Appendix R 
Committee should indicate explicitly at what single point in the safe shutdown analysis that 
Section 3.5 methods should be followed.  

Furthermore, the wording implies that analysis is optional. The BWROG Committee should 
indicated that circuit analysis is required and the methods presented in Section 3.5 are one 
approach for completing the analyses.
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24. Section 3.4.1.6

The BWROG Appendix R Committee should state explicitly that there is a 72-hour repair time 
limit for making a cold shutdown system operable and that the needed materials must be 
available on site per Appendix R requirements.  

/° 

25. Section 3.4.1.7 

The "one-at-a-time" basis for evaluating equipment impacts (including spurious operations) 
needs to be justified. Perhaps the BWROG Committee is simply taking that position solely for 
the purpose of determining mitigating strategies on a "one-at-a-time" approach in order to 
simplify the impact assessment The BWROG Appendix R Committee needs to clarify their 
position in this regard. It would seem that for the purpose of determining appropriate mitigating 
strategies a "one-at-a-time" approach is reasonable. However, this is not true for assessing the 
impacts of circuit faults or equipment failures. Multiple circuit faults and equipment failures 
must be evaluated as possibly occurring concurrently.  

26. Section 3.4.2.5 

The BWROG Committee should include a discussion of the administrative processes required to 
be in place to ensure that each of the compliance strategies are being implemented, completed 
and documented.  

27. Section 3.5.1.1 

The first sentence of the final paragraph is good. It summarizes the correct philosophy for 
conducting a truly rigorous circuit analysis. However, the BWROG Committee again advocates 
evaluating circuit failures one at a time. The effect of multiple circuit failures needs to be 
considered. Also, the effects of shorts involving multiple conductors should be assessed.  
Indeed, multiple circuit failures as the result of a single fire are not unknown (e.g., demonstrated 
by testing and experience). The BWROG Appendix R Committee should provide guidance for 
analyzing the effects of multiple circuit failures and multiple conductor shorts.  

28. Section 3.5.1.2 

The proposed approach here is too limited. The BWROG Appendix R Committee should 
propose evaluating the circuits with the contacts in their normal positions (i.e., expected 
positions when the fire starts) as well as their required positions (i.e., desired positions when 
supporting safe shutdown operations).  

29. Section 3.5.1.3
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The statement that cables/conductors which provide certain types of functions (indication, 
interlocks, etc.) can be "readily determined to not impact safe shutdown" is without merit.  
Circuit analysis to assess the fire induced failures of these cables and conductors, and the 
resulting effects on the circuits they interact with must be performed to verify that they in fact 
will not impact safe shutdown.  

For example, with regard to the proposition that indicating circuits are somehow inherently safe: 
one should remember that during the Brown's Ferry fire in 1975, electric power back-fed through 
the resistor-isolated trip coil status lamps, thus keeping the trip coils energized, prevented the 
operators from resetting tripped circuit breakers, until the lamps were disconnected frofn the 
control circuits.  

The BWROG Committee should recommend that all circuits associated with safe shutdown 
equipment be evaluated for all circuit fault conditions in order to assure the functional capability 
of the components under consideration is not impacted.  

30. Section 3.5.1.4 

This is probably an acceptable practice, but time-related effects are important. Consider a 
scenario where a normally closed MOV control cable is affected in such a way that it causes the 
spurious operation of the valve operator in the open direction. Later, as the fire propagates, let us 
assume a short circuit to ground develops within the MOV control circuit, causing the protective 
circuit fuse to blow out. This renders the control circuit completely inoperable, including the 
valve's position indication. The result is a partially, if not fully, open valve whose status is 
unknown to the operator. Therefore, although the fire did not clear the circuit faults per se, it did 
change the fault conditions over time and the consequential impact on the affected equipment.  

It is proper to not credit fortuitous failures, but the BWROG Committee should address the 
possibility of fault mode progressions leading to more serious damage.  

31. Section 3.5.2.1 

The BWROG Appendix R Committee should include a discussion of the issues concerning 
current transformer secondary side open circuits in this section. For example, it should be 
mentioned that because of their design-to convert high primary currents into low secondary 
currents-the secondary side voltage is kept as high as required to maintain a constant primary-to
secondary current ratio. Consequently, a break in the secondary side circuit may cause 
excessively high voltages to develop (because no current is flowing) which in turn may ignite any 
flammable material in the vicinity of the secondary conductors, including their own insulation.  

32. Section 3.5.2.2: Short-to-ground on Ungrounded Circuits
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The BWROG Committee should discuss a third possible case: "If short-to-grounds No. I and 
No. 2 co-exist (but not No. 3) then the equipment will spuriously close/stop without actuation of 
the control switch. This is because the two ground points effectively bypass the control switch 
contacts.  

33. Section 3.5.2.3: A Hot Short on Grounded Circuits 

What is the basis of the comment in the first sentence, "A short to ground is a more likely failure 
mode for a grounded control circuit"? There are so many factors influencing the respofise of a 
cable/conductor to a fire environment that one cannot assume that a particular failure mode will 
always take precedence. The BWROG Appendix R Committee must provide a basis for the 
assertion that a short to ground is a more likely failure mode for grounded control circuits.  

a;,.  
34. Section 3.5.2.3 

The BWROG's position seems to be that only one hot short will occur per fire per fire area.  
However, multiple hot shorts can affect the operability of equipment. Multiple hot shorts should 
be analyzed for their effects on safe shutdown equipment. For example, for either of the two 
types of circuits discussed (grounded/ungrounded) co-existing hot shorts would have what effect 
on the MOV? Both relays would be energized closing their respective contacts on the (we 
assume) three-phase power line to the valve's motor operator. Since it is usual practice to switch 
the A and C phases around depending on the direction you wish the motor to turn, the result of 
this situation is a phase-to-phase short on the power supply to the MOV! This would likely cause 
the circuit breaker to trip open (if not causing more extensive damage to the switchgear/lMCC), 
thus making the valve inoperable. This same situation would occur for the case where the two 
relay conductors short together and either control switch is actuated.  

Although we are aware that usual design practice would include permissive contacts or other 
features to prevent simultaneously energizing the two relay coils, the example above points out 
the fact that by dismissing the possibility of multiple hot shorts a priori leads the analyst to miss a 
potentially serious consequence. The BWROG Committee needs to address the effects of 
multiple hot shorts and multiple conductor shorts.  

This section also seems to ignore the effects of short circuits that bypass normally open contacts 
(e.g., control switches, auto-initiate contacts, etc.). In the example circuit the BWROG uses, a 
short circuit involving the two conductors on either side of the Open/Start control switch, for 
example, would energize the Open relay and result in the undesired opening of a motor operated 
valve. The analytical method they've demonstrated is usually called the "hot probe" approach 
for determining the effects of hot shorts on the assorted conductors in a control circuit and is 
equivalent to a single hot short but does not necessarily adequately simulate or predict the 
potential effects of multiple hot shorts on the circuit. The BWROG Appendix R Committee 
needs to address the effects of multiple hot shorts.
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The BWROG Committee should also discuss the requirement for analyzing the effects of 
multiple/correct polarity (three-phase or DC) hot shorts on high/low pressure interface 
components (as discussed in GL 86-10, among others).  

3S. Section 3.5.2.4 

In Item 6, the last sentence reads "... the effects are mitigated by appropriate methods." 
(Emphasis added.) The term "appropriate methods" should be explained. By that does the 
BWROG Committee mean procedural methods, alternate power supplies for safe shutdown 
equipment, alternate safe shutdown paths designated, isolating non-essential circuits (time 
permitting), or modifying the circuit fuse/breaker/route/power supply? The BWROG Appendix 
R Committee should clarify the meaning of "appropriate methods" in the referenced statement.  

The BWROG Committee. should also address the requirement to analyze thlcommon power 
source for multiple high impedance faults and the effects on safe shutdown capability should the 
essential bus be affected.  

APPENDIX A: Safe Shutdown Analysis as Part of an Overall Fire Protection Promam 

36. Section A.2.0 

The components of defense-in-depth provided in the first paragraph do not completely agree with 
the defense-in-depth objectives given in Appendix R Section II.A. For example, "demonstration 
of the ability to achieve and maintain safe shutdown in the event of a single fire in any plant fire 
area" does not express the same objective and intent as "To provide protection for structures, 
systems, and components important to safety so that a fire that is not promptly extinguished by 
the fire suppression activities will not prevent the safe shutdown of the plant." The BWROG 
Appendix R Committee should change the wording of the statement to more accurately reflect 
the intent of the defense-in-depth objectives given in Appendix R Section II.A.  

The second sentence in the second paragraph states that "Fire damage and equipment failures to 
the extent postulated in an Appendix R Safe Shutdown Analysis, have never been experienced in 
an operating U. S. Nuclear Power Plant." The implication here appears to be that the fire 
protection requirements resulting from Appendix R are too conservative. There are many 
reported cases of nuclear power plant fires that show the ease with which fires can grow beyond 
the capability of automatic and manual suppression efforts to mitigate them. Examples include 
reports concerning fire events at Vandellos-1, Narora Atomic Power Station, Armenia-i, and 
Chemobyl-2. The BWROG Committee should review those or similar fire events and caution 
the users of this guidance document that in some cases fires can result in severe consequences.  

37. Section A.3.2
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The description of the Browns Ferry fire is misleading. From a purely fire protection standpoint 
the fire was by not means "extremely severe." Rather, it was a modest fire that had extremely 
severe consequences in terms of plant operation. This is evidenced by the ease of suppression 
once water was applied. The tone of the discussion appears intended to establish that despite an 
"extremely severe" fire, everything worked out fine and there was no significant radiological 
release. The real lesson from Browns Ferry was that a relatively modest fire was allowed to bum 
for a prolonged period and caused a major challenge to plant operations.  

It would seem to be a more prudent approach that the BWROG take the position that they are 
committed to ensuring that a fire in any nuclear plant will never lead to operational corisequences 
as severe as those experienced at Browns Ferry.  

In the final paragraph, they seem to be suggesting that measures already taken provide this 
assurance. However, they fail to mention that continuous reevaluation of the fire protection 
features is needed to ensure that the design basis (for fire protection) has not changed and is still 
capable of performing its functions as required. The BWROG Appendix R Committee should 
provide guidance on reevaluating existing fire protection features to ensure that the design basis 
has not changed and is still capable of performing its function as required.  

38. Section A.3.4 

The opening paragraph appears to imply that the then current (1968) rules were adequate to 
prevent the Browns Ferry event had they been fully implemented. It should be noted that in 1968 
fire protection followed common industrial practice and nuclear reactor specific fire protection 
defense in depth was not required. Appendix R introduced the concept of defense in depth as 
applied to fire protection at nuclear power stations.  

It would appear appropriate that the BWROG preface the categories and lists of fire protection 
improvements made since the Browns Ferry fire with a statement that the lists are not all 
inclusive or necessarily complete.  

Also, the first sub-bullet under the last bullet listed in category 5, "Post-Fire Safe Shutdown 
Capability," should be reworded to clear up. some confusion of meaning: hot shutdown must be 
capable of being achieved and maintained during and after a fire as needed, whereas cold 
shutdown must be achievable within 72-hours and be capable of being maintained indefinitely 
thereafter, as specified in Appendix R Section IM.L1.  

APPENDIX B: Consideration of NRC IN 92.18 

39. Section B.1.0 

The discussion and example evaluation provided to address the issues raised in IN 92-18 are 
based on a probabilistic argument centering on the fire frequency in a control room. No
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deterministic evaluation guidance for motor operated valve circuits is given. The issue of fire 
induced mechanistic damage to MOVs is not solely a control room fire issue. Depending on the 
specific design of the MOV's control circuit, the potential for a hot short or short circuit that 
bypasses the torque switch due to a fire in any of the fire areas through which the control cables 
are routed must be assessed. For example, many MOV control circuits are designed with a local 
control switch (and indication) connected in parallel with the valve controls located in the control 
room. Hence, a short, of the type described in IN 92-18, at the local control center may also be 
the cause of an over-torque condition.  

The BWROG Appendix R Committee should provide guidance and examples for performing 
deterministic evaluations of fire-induced motor operated valve circuit failures.  

40. Section B.2.0 

The BWROG Committee again repeats that the focus is on a fire in the control room. In addition 
to the arguments against this limitation given above, a recent Information Notice (NRC 
Information Notice 99-17: Problems Associated with Post-Fire Safe-Shutdown Circuit Analysis) 
indicates that a fire outside of the control room (i.e., the cable spreading room) could cause 
mechanical damage to shutdown cooling motor operated valves due to hot shorts bypassing the 
over-torque protection devices. This would indicate that fires in areas outside of the control 
room should be considered when evaluating the potential for this type of valve failure.  

The BWROG Appendix R Committee should broaden the focus of their guidance to include the 
possibility of MOV mechanical damage occurring due to fires in areas located outside of the 
control room.
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41. Section B.4.0, Item A) 2)

The argument here, that an associated circuit shorting to ground due to the effects of the fire thus 
causing the control circuit fuse for the MOV to blow, therefore making any subsequent hot shorts 
inconsequential, seems to be one of depending on a fortuitous failure to prevent the adverse 
situation from occurring. The BW.OG Appendix R Committee should remove this example and 
in:tead recommend a detailed circuit analysis be performed to assess the true impact of an 
external hot short on the valve motor.  

42. Section B.4.0, Item A) 3) 

The BWROG Appendix P Committee's argument that the duration of the hot short must be long 
enough to cause the valve to drive itself to mechanical damage before the fault progresses to a 
short to ground or open circuit, thus eliminating the potential for damage, dms not address the 
consequence of this alternative scenario: the MOV is now in an indeterminate position and there 
is no status indication available. Recovery procedures will need to include determining the status 
of the valve and (manually) positioning it if necessary.  

If the BWROG Committee assumes that transferring control to the alternative shutdown station 
will isolate the control circuit from the fault(s) in the control room, then a confirmatory circuit 
analysis should be conducted. The BWROG Appendix R Committee should include guidance 
and an example of a confirmatory circuit analysis showing that transferring control to the 
alternative shutdown station will isolate the control circuit from the fault(s) in the control room.  

43. Section BA.0, Item C) 2) 

The timing is not correct as described; the hot short must occur between the time of fire initiation 
and circuit isolation rather than control room abandonment and isolation (as noted correctly in 
Section B.5.1). The BWROG Appendix R Committee should resolve this discrepancy in the 
guidance document.  

44. Section B.S.0 

After reviewing the example risk significance evaluation of a control room fire and its potential 
effects, the following comments are provided: 

* The risk evaluation is pertinent to only one BWR. Cabinet configurations and loadings can 
be variable, resulting in higher frequencies.  

* There is insufficient data (I 1 incidences) to support partitioning the cabinet fire frequency as 
was done. Certainly, the presentation of three significant figures is not justified.  

* The use of a severity factor includes the probability for non-suppressed fires. Such fires 
could potentially fail the entire cabinet-not just the adjacent bays. (Note that not all BWRs 
have steel partitions between divisions in the cabinets; for example, Cooper Nuclear Station
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may not have partitions in their cabinets.) Thus, the use of severity factor (0.2) and outcome 
(configuration) factors (0.917, 0.25, and 0.125) is probably double counting probabilities to 
some extent, especially for plants configured different from the BWR-6 that was analyzed.  

"* Analysis does not include potential for other fires outside of the cabinets growing in size and 
causing MOV problems.  

"* Probability of hot shorts used in their assessment (0.068) is poorly supported. A recent data 
review (done for the USNRC Office of Research) suggests that the probability of some hot 
shorts could be as high as 0.8, while the probability of a specific pair of conductors shorting 
together is uncertain. Industry now has this information and should incorporate the updated 
estimates. The probability selected needs to be based on the specific circuit's charakteristics.  
In addition, it should be recognized that the shorting together of more than two conductors 
may result in the same circuit response.  

* No sensitivity analysis was presented. For example, using different assumed values, the 
frequency of MOV damage from three cabinet fires, could be as high as 

3 x 1.6E-4/yr x 0.2 x 0.8 = 8E-5/yr 

" Even if partitioning was appropriate, this value would still be equal to 3E-5/yr. The contribution from unsuppressed fires in other cabinets (assuming 3E-3 non-suppression 
probability) could be as high as 

55 x 1.6E-4/yr x 3E-3 x 0.8 = 2E-5/yr.  

"• The BWROG Committee should not assess significance (CDF) based on each individual 
scenario. Rather, scenarios should be summed to assess overall significance (see B.5.2).  
Given the above comments, the actual significance may well exceed IE-6.  

APPENDIX C: HiAhfLow Pressure Interfaces 

45. Section C.4.0 

The last sentence in the first paragraph following the quote from the GL 86-10 response to question 5.3.1 appears to misinterpret the intent of the statement in the response, "... if it can be 
shown that only two hot shorts of the proper polarity without grounding could cause spurious 
operation, no further evaluation is necessary except for any cases involving Hi/Lo pressure 
interfaces." Their assertion is that the response "implies that two hot shorts need not be postulated except for high/low pressure interface components." Meaning that, outside of 
considering high/low interface components, no more than one hot short needs to be analyzed.  
NRC's intent was simply to limit the requirement for analyzing "smart hot shorts" on a single 
circuit (those cases were spurious operation can only be caused by the application of two hot shorts of the proper polarity without grounding) to components comprising high/low interfaces; 
not to limit the number of hot shorts to be analyzed to single events for all other cases.
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The BWROG Appendix R Committee should revise Appendix C to accurately reflect NRC's true 
intent on this issue.  

46. Section CA.1 

The thrust of the BWROG discussion in this section is that three phase hot shorts, causing the spurious operation of a motor is highly unlikely for several reasons. Based on the guidance and 
clarifications provided by NRC it is clear that NRC agrees that such phase-to-phase-to-phase hot shorts are unlikely and as such are not required to be postulated for most cases. However, since the consequences of a fire-induced LOCA are so severe, NRC requires the analysis of these types of circuit faults for high/low pressure interface components. Additionally, GL 86-10 is clear that the analysis must be performed. Therefore, the conclusion stated in the closing paragraph of this 
section contradicts established NRC guidance.  

,,a.  

Screening out the potential for these occurrences on a fire area by fire area basis is one approach to address this issue without a large degree of circuit analysis. Additionally, the arguments made 
by the BWROG as to the reasons why this event is considered highly unlikely would make 
appropriate screening bases themselves: no common fire areas, separation of power cable routes, 
no continuously energized power sources in proximity to motor cables, etc. The BWROG 
Appendix R Committee should indicate the appropriate screening criteria that might be used to help licensees address the high/low pressure interface concern during a deterministic system 
analysis.  

47. Section C.4.2 

The arguments used in this section focus on the complexity of powering and controlling a 250 VDC reversible motor. However, the BWROG Committee does not estimate how many of these 
types of motors are employed in BWR high/low pressure interface applications. Nevertheless, 
those DC motor driven components used in high/low pressure interface applications must either be screened, from consideration (on a fire protection basis-see above) or analyzed for the possibility of spurious operation. The BWROG Appendix R Committee should indicate that DC 
motor driven components used in high/low pressure interface applications must either be 
screened from consideration or analyzed for the possibility of spurious operation.  

The final paragraph of this section appears to dismiss the requirement for analyzing spurious 
operations of any DC compound motor. The discussion prior to this statement focuses on the power circuit. There may also be control circuit faults that could lead to the spurious operation 
of such motors. The BWROG Appendix R Committee should indicate that control circuits may 
also lead to the spurious operation of DC motors.  

48. Section C-5.0, Case (b)
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The BWROG Committee's suggestion for de-powering one of the valves to prevent spurious 
opening may not be relevant since the hot shorts under consideration affect the power cables to the drive motors directly. In other words, even if the circuit breaker that normally feeds electric 
power to the motor is removed, a three-phase hot short, from another power source, interacting 
with the power cables anywhere between the MCC and the motor would still cause spurious 
operation of the motor. The BWROG Appendix R Committee should indicate that a three-phase 
hot short, from another power source, interacting with the power cables anywhere between the 
MCC and the motor would still cause spurious operation of the motor, even if the circuit breaker 
that normally feeds electric power to the motor is removed.  

It is recommended that the BWROG Committee provide further discussion on what constitutes 
"feasible" mitigating actions.  

APPENDIX D: Alternative/Dedacated Shutdown Requirements 

49. Section D.3.0 

The third sentence of the last paragraph states 'This assumption [unprotected circuits are assumed to be damaged] is only conservative in terms of not being able to credit the systems and 
equipment associated with these circuits in support of post-fire safe shutdown." However, 
simply assuming that a system may not be credited does not account for the possibility of 
spurious or maloperation of the equipment, which may result in consequences much more severe.  

The BWR Owners' Group Appendix R Committee should discuss the impacts of and mitigation 
techniques for spurious operation of equipment and improper operation of equipment.  

50. Section D.4.0 

It is recommended that the BWROG Committee provide a basis for the statement made in the first sentence of the first paragraph following the bulleted list of NRC documents ["spurious 
operations are assumed to occur one-at-a-time"]. If it is based on the NRC response to question 
5.3.10 in GL 86-10, then the rationale for the NRC response must be assumed: design evaluation 
of the alternative/dedicated safe shutdown system capability for transients generated by the loss 
of offsite power and one spurious actuation or signal resulting from a fire. The BWROG 
discussion appears to be applying this guidance to scenarios outside of the intent of the response 
given in GL 86-10.  

51. Section D.4.0 

The last sentence of the second bullet, following the quoted NRC response to Question 5.3.10 in OL 86-10, states that "The requirement for addressing a worst-case spurious signal be met by 
identifying any spurious actuation that has the potential to adversely affect the safe shutdown
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capability and to evaluate the effects on the safe shutdown capability on a one-at-a-time basis." 
(Emphasis added.) As long as the one-at-a-time based evaluation of the effects of spurious 
actuation is for the purpose of assessing the adequacy of alternative/dedicated safe shutdown 
system designs only, this is probably an acceptable practice. However, extending this philosophy 
to all fire related assessments is an incorrect application of the intent of the NRC response to GL 
86-10 question 5.3.10. The BWROG Appendix R Committee should state the limitations of the 
"one-at-a-time" evaluation approach.  

52. Section D.6.0 

The additional operator actions, beyond performing a reactor scram, recommended by the 
BWROG should be identified as optional, based on the feasibility given the specific conditions 
under which the control room is being evacuated. The BWROG Committee should also note that 
such additional operation actions must be submitted for review under the provisions of 10 CFR 
50.48 paragraph (c) (5). The issue of the time required and ability to perform these additional 
actions would appear to be the most important factors. This gets into issues of human factors 
that may not be appropriate to assume are possible in a deterministic Appendix R analysis.  

APPENDIX E: Multiple High Impedance Faults 

53. Section E.3.0 

The arguments presented are based largely on the expectation that high impedance faults will 
progress rapidly from arcing faults to dead short faults (which will then be cleared by the action 
of the fuse/breaker protective devices) or be of sufficiently low energy that they will self
extinguish. The BWROG Committee also claims that more than one arcing fault occurring at a 
time has a very low probability (i.e., "not credible"). Finally, the BWROG Committee argues, 
for DC systems, that the arc will erode the conductor to the point that it causes an open circuit, 
thus stopping the arcing fault.  

This is another case where the BWROG Appendix R Committee document defends the position 
that an event is so unlikely to occur that there is no need to evaluate its impact on safe shutdown.  
These arguments are made on a generic basis without regard for specific plant designs. In 
addition, even if the probability of occurrence is low, due regard must be given to the 
consequences of the effect if it were ever to occur. This the BWROG Committee has not 
addressed. It is recommended that the BWROG Appendix R Committee discussion be revised to 
provide guidance on methods to be used to evaluate, deterministically, the potential impact of 
multiple high impedance faults on essential switchgear and to suggest the means by which such 
impacts may be mitigated (e.g., developing procedures for clearing non-essential loads before re
energizing the essential bus).

54. Section E.4.0



The BWROG Appendix R Committee document is supposed to provide guidance on the 
deterministic evaluation of safe shutdown systems and components. It was not intended to 
present risk-based arguments as to why a concern need not be evaluated. The BWROG 
Committee should revise Appendix E to provided guidance on deterministic evaluation of 
multiple high impedance faults.  

APPENDIX F: Manual Actions and Repairs 

-a, 

55. Section F.6.0 

The statement made in the last sentence of the fourth paragraph in this section, "Actions required 
in a fire area experiencing a fire or that require travel through a fire area experiencing a fire, m 
be credited if it is demonstrated that these actions are not required until thelire has been 
sufficiently extinguished to allow completion of necessary actions in the fire area" (emphasis 
added) requires some very careful consideration. First, how is "sufficiently extinguished" 
defined or determined for a particular fire? Consideration must be given to timing issues, for 
example, will the maximum expected fire duration for the fire area under consideration be 
consistent with the allotted time to complete the manual actions required for safe shutdown? 
This type of generalizing statement can lead to many pitfalls or large uncertainties for 
determining a reliable success path in a safe shutdown analysis because not all of the pertinent 
details are considered and properly evaluated.  

The BWROG Appendix R Committee should include a discussion of the environment, access, 
and timing issues to be considered when taking credit for manual actions in a fire area.
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APPENDIX G: Combined Equipment Impacts

56. Section G.3.0 

The last sentence of the first paragraph states "Typically, the plant areas where post-fire safe 
shutdown analysis is performed could not have a fire of this magnitude or damage potential." It 
is recommended that the BWROG Committee should provide a basis for this assertion. In 
addition, it appears that the statement ignores the fact that the purpose of the fire protection rule 
is to ensure safe shutdown capability even if a fire of that magnitude or damage potentil. ever 
does occur.  

The second sentence of the second paragraph states "The expected fire size would be a fire that is 
contained within a single electrical panel or a localized portion of one room or area." It may be 
true that most fires fall into this category of size, however, the problem is that this is not always 
the case. Some fires, like the one at Browns Ferry, for example, grow beyond the initial area and 
cause significant damage. Accordingly, the consequences of severe damage caused by the fire 
are what is important and of particular concern with respect to overall plant safety. The BWROG 
Appendix R Committee should indicate that even small fires have the potential for causing 
severe consequences.  

S7. Section G.4.0 

The BWROG Appendix R Committee seems to have minimized, without any established basis, 
the importance of consequences resulting from the opening of two flow diversion valves (or the 
closing of two flow blocking valves) in order to let probability drive the final risk determination.  
Again' the focus should be on deterministic methodologies to be employed in evaluating the 
effect of a fire on safe shutdown capability. The BWROG Appendix R Committee should 
indicate the need to assess the impact of multiple circuit faults based on analysis of the specific 
circuit designs.  

58. Section G.4.0 

The example case discussed appears to be generic. Clearly, to make the risk significance 
argument valid one would need to evaluate the plant-specific system design to accurately assess 
the consequence and determine the subsequent risk.  

In determining the probability of "hot short" occurrence, the BWROG Committee says that the 
separate probabilities must be multiplied together to represent the probability of the combined 
events. However, since the fire is a common cause for individual circuit failures in the two 
cables, they cannot be considered random events, meaning that the probability for the combined 
events should probably be something greater than the result obtained by multiplying the two 
random probability estimates (0.068) together. Further, recent work demonstrates that for the 
illustrated case the hot short probability may be as high as 0.8. Additionally, the risk
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quantification includes a value for the "probability of a damaging fire" that needs to be justified.  
Use of this term may, in fact, be double counting success by allowing an independent credit for 
manual suppression before such damage occurs.  

The last two sentences of the second paragraph following Table G. 1 discusses routing of cables 
in separate raceways or fire areas would reduce the likelihood of occurrence. The BWROG 
Committee should note that the reason the regulations and guidance support cable separation 
techniques is, in part, to make sure that the probability of multiple fire-induced circuit faults is 
kept low.  

59. Section G.4.0 

In the third paragraph following Table 0.1, it is stated that "BWROG has been unable to identify 
a high safety significance" associated with multiple spurious operations. Thb BWROG 
document asserts that no known fire risk assessment has identified multiple spurious operations 
as a significant risk contributor. This assertion is both misleading and inaccurate.  

The statement is misleading because it implies that risk assessments have commonly looked for 
these problems and have not found them to be important. In fact, most fire PRAs to date have 
not looked for spurious actuation scenarios. Indeed, this requires modifications to the normally 
used internal events models to account for possible spurious actuations, and special attention to 
circuit analysis. These steps are lacking in the vast majority of currently available fire PRAs, 
including the IPEEEs. Hence, the fact that these studies did not find spurious actuation to be 
important (having not looked for them) does not support the contention that they are not, in fact, 
important.  

The statement is inaccurate because spurious actuation issues have been identified as important 
contributors in those existing fire PRAs that have specifically examined spurious actuation 
scenarios. In particular the USNRC-sponsored analysis of LaSalle included consideration of 
potential spurious actuations, and all of the dominant fire risk scenarios inherently include 
multiple spurious actuations in the quantification (reference NUREG/CR-4832, Vol. 9). A 
second example is found in the analysis of one advanced reactor design (AP600) where 95% of 
the fire CDF was associated with large and small LOCA scenarios induced by the spurious 
actuation of valves due to fire-induced hot shorts. A third example is the Ginna IPEEE. This 
study concluded that, assuming a hot short probability of 0.1, spurious actuations only increased 
fire risk by 6% as compared to assuming that no spurious actuations occurred. However, when 
all spurious operation opportunities were set to true (i.e., all possible spurious operations were 
assumed to occur) fire CDF estimates increased by 61% (as compared to the value obtained 
assuming a 0.1 hot short probability). A fourth get of examples can also be found in the IPEEE 
analyses for those plants with complicated manual actions required to overcome potential 
spurious operations in the event of a fire. Examples include, in particular, those plants that enter 
a self-induced station blackout in response to some fires. In the case of at least one PWR plant 
(Summer) the complicated nature of the required actions contributed directly to relatively low 
reliability estimates for remote shutdown, hence, to significant increases in the CDF contribution 
of control room abandonment scenarios. These cases illustrate that some fire PRAs have, indeed,
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found spurious actuations and multiple spurious actuations to be potentially important fire CDF 
contributors.  

The BWROG Appendix R Committee should review current PRAs to ascertain the risk 
significance of multiple spurious operations.  

60. Section G.S.0 

The first bullet states "Performing such a combined equipment failure analysis, addressing all 
possible permutations and combinations, is probably not possible." It is probably not wrranted 
either given that a reasonable set of combinations can be established during the safe shutdown 
evaluation process, with particular attention given to the few critical components whose failure(s) 
could prevent accomplishing the safe shutdown functions. The BWROG Appendix R 
Committee should direct that this level of analysis be done in the main body of the guidance 
document.  

B. AUDIT OF CONTENTS TO AUGUST 1999 AGREEMENTS 

Sandia was requested by the USNRC to audit the BWROG circuit failure analysis methodology 
document against the agreements reached at the meeting between NRC and the BWR Owner's 
Group Appendix R Committee in August 1999. The agreements reached at that meeting are 
summarized in Attachment 4, "NRC Staff and BWROG Appendix R Committee Meeting on 
Circuit Analysis Summary of Topics Covered and Agreements Reached," to the memorandum, 
Dembek to Richards, "Summary of Meeting with the Boiling Water Reactors Owners Group 
(BWROG) Appendix R Committee on Post-Fire Safe Shutdown Circuit Analysis Issues (Fire
Induced Circuit Failures)," dated September 3, 1999. The following comments regarding the 
degree to which Sandia finds each agreement has been met based on the technical review of the 
document.  

Agreement I - The final BWROG circuit analysis methodology document: 

Will address deterministic evaluation of the effects of fire-induced electrical faults (hot shorts, shorts to ground, and open circuits) on power, control, control logic, and Instrumentation circuits, and assessment and prevention of resultant combinations of multiple spurious signals and/or spurious actuations which may interfere with or prevent the achievement and maintenance of post-fire safe shutdown. ift Is possible that the extent of this approach may be limited based on the complementary risk-Informed, performance-based circuit analysis methodology development effort currently being undertaken by the Nuclear Energy Institute (NEI).] 

Commentary 

Insofar as addressing deterministic methods for evaluating the effects of fire-induced faults, the 
BWROG document does so at a comparatively low level of detail. For example, the methods
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discussed for evaluating the effects of hot shorts on a MOV control circuit utilize a "hot probe" 
that is applied to the circuit, one conductor at a time, and the resulting effect of the potential hot 
Short is noted for each case. However, thi topic of conductor-to-conductor short circuits is not 
addressed in the document.  

The topics of multiple spurious signJs and spurious actuations and their potential impact(s) on 
the ability to achieve and maintain post-fire safe shutdown is not addressed at any significant 
level of discussion. The BWROG Committee often asserts, however, that failures should be 
analyzed on a one-at-a-time basis, thus completely avoiding the need to discuss the multiple 
failure condition.  

Findings 

The Agreement I issues have been partially addressed, however, much more could be done 
within the scope of the BWROG.circuit analysis methodology document to fully meet the intent 
"of Agreement 1.  

Agreement 2 - The final BWROG circuit analysis methodology document: 

* Will have a definitions section.  

Commentary 

Section 4.0 of the BWROG document provides the definitions of approximately 45 terms. Six of 
the definitions were taken from IEEE standard definitions, nine were derived from regulatory 
sources (e.g., Generic Letters, SRP, etc.), four referred to other terms or one of the appendices, 
and the rest were produced by the BWROG committee.  

Findings 

The Agreement 2 issue has been addressed, and the definition section provided fully meets the 
intent of Agreement 2.  

Agreement 3 - The tinal BWROG circuit analysis methodology document: 

* Will draw clear distinctions between guidance meant to apply to redundant train separation analysis, 
and other guidance meant to be considered In the analysis of altemative/dedicated safe shutdown 
capability.  

Commentary 

The distinctions made within the body of the BWROG document were not very clear between 
guidance meant to apply to redundant train separation analysis and guidance meant to be 
considered for alternative/dedicated safe shutdown capability. On the other hand, Appendix D
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discusses the requirements and recommended implementation guidance for alternative and 
dedicated systems at great length.  

Appendix D offers a very detailed discussion of the regulatory requirements concerning 
alternative and dedicated shutdown systems and provides some guidance on implementing those 
requirements. Appendix D also lists six general areas that must be considered differently when 
evaluating alternative/dedicated shutdown systems as compared to the methods employed for 
redundant trains, discussed in the main body of the document.  

Findings 

The Agreement 3 issue has been addressed in Appendix D to the extent that it appears 
Agreement 3 has been met.  

Agreement 4 - The final BWROG circuit analysis methodology document: 

* Will include a definition of the term "ree of fire damage" (which may or may not be identical to the 
NRC definition provided in Generic Letter 86-10).  

Commentary 

The BWROG Committee provides the following definition for the term Free of Fire Damage in 
Section 4.0: 

"The structure, system or component under consideration is capable of performing its intended 
function during and after the postulated fire, as needed. It may perform this function 
automatically, by remote control, or by manual operations." 

The first sentence of the above definition is a word-for-word duplicate of the NRC definition 
provided in Generic Letter 86-10. The second sentence of the definition appears to be a 
clarification of the various means by which the intended function may be initiated and controlled, 
and does not in any way reduce the inherent requirement or intent of NRC's definition.  

Findings 

The Agreement 4 issues have been addressed, and the definition provided for the term "free of 
fire damage" fully meets the intent of Agreement 4.  

Agreement 5 - The final BWROG circuit analysis methodology document: 

* Will specify and define one or more safe shutdown analysis trme zero'points (e.g., fire inception, 
fire discovery, major fire confirmation, reactor scram, control room evacuation), and will discuss their
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appropriate applications In activities such as redundant train and alternative/dedicated safe 
shutdown capability engineering design and procedure development.  

Commentary 

The BWROG document contains no reference to critical "time zero" points. The only reference 
to a specified time is with regard to the 72-hour limit in being able to achieve cold shutdown.  

Findings 

The Agreement 5 issues have not been addressed and Agreement 5 has not been met. " 

Agreement 6 - The tinal BWROG circuit analysis methodology document: 

* Will provide justification as to why multiple high impedance fault (MHIF) analysis and three phase hot 
shorts analysis do not need to be conducted by reactor licensees.  

Commentary 

The BWROG circuit analysis methodology document does not discuss the issues concerning 
multiple high impedance faults or three-phase hot shorts in the body of the document. Appendix 
C provides a discussion of the three-phase hot short issue for high/low interface components, and 
Appendix E discusses multiple high impedance faults.  

Regarding the three-phase hot short issue, the arguments presented for not requiring licensees to 
analyze these faults is based largely on the assertion that they are highly unlikely occurrences.  
The guidance provided in Appendix C perhaps should have offered more in the way of possible 
screening criteria than it did. For example, the BWROG Committee could have recommended 
that the analysis evaluate the routing of the power cables for the (two) valves making up a 
high/low pressure interface, or determining whether or not other continuously energized power 
cables are in proximity to the motor power cables. If in close proximity, however, the valve 
cables won't screen on the basis of separation.  

Appendix E discusses a multitude of reasons why consideration of multiple high impedance 
faults are not credible, and thus do not need to be considered for safe shutdown. Principally, the 
BWROG Appendix R Committee argues that, should a single high impedance (arcing) fault 
occur, it will either quickly self-extinguish or progress rapidly to a dead short, whereupon the 
protective device (fuse/breaker) would open, clearing the fault condition. The BWROG 
Committee deems multiple, simultaneous high impedance faults developing as not credible and 
of sufficiently low probability that they are not a concern. The BWROG Committee should 
provide a technical basis for these assertions (e.g., test data).  

The BWROG Appendix R Committee should provide guidance in Appendix E on methods to 
analyze the potential effects of multiple high impedance faults on essential switchgear and to
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suggest ways to mitigate those impacts (e.g., clearing non-essential loads prior to re-powering the 
bus).  

Findings 

The issues of Agreement 6 have been addressed, however, the justifications presented appear to 
be weak. Specific guidance on evaluating the effects of multiple high impedance faults and 
three-phase shorts should be provided in the BWROG document, as well as suggestions on 
mitigating strategies.  

Agreement 7 - The final BWROG circuit analysis methodology document, 

1 Will consider whether the fire-Induced circuit failures analysis used to establish Susquehanna Steam 
Electric Station post-fire safe shutdown capability constitutes an effective generic circuit analysis 
process.  

Commentary 

There was no direct comparison to or discussion of the Susquehanna Steam Electric Station post
fire safe shutdown circuit failure analysis in the BWROG document.  

Findings 

The Agreement 7 issue has not been addressed and Agreement 7 has not been met.  

Agreement 8 - The final BWROG circuit analysis methodology document: 

* Will Include, or explain why It does not Include, a generic evaluation methodology of the potential for 
Indirect fire-induced physical damage of equipment to Interfere with or prevent the achievement and 
maintenance of post-fire safe shutdown [e.g., "mechanistic" failures of motor operated valves (MOVs) (as discussed in Information Notice 92-18, "Potential for Loss of Remote Shutdown Capability During 
a Control Room Fire%, or mechanicalpump damage from a fire-Induced spurious pump start with 
both the pump discharge and minimum flow valves closed.] 

Commentary 

There was no discussion of these issues in the main body of the BWROG document. Appendix 
B to the BWROG document attempts to address the technical MOV mechanical damage issues 
associated with IN 92-18. The basis of their argument, in the appendix, is that a control room 
fire capable of causing mechanistic failure of a MOV by the action of a fire-induced hot short has 
a low probability of occurring. Sandia's review of the example evaluation method presented 
uncovered several shortcomings of their approach, the principal one being the lack of sensitivity 
analyses, especially one based on different control room or panel configurations.
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Though the BWROG Committee did discuss the many factors that would have to exist in order to 
cause the specific type of hot short to develop to cause the valve to drive itself to damage, they 
did not, however, present any guidance on evaluating the control circuit (which might contain 
specific design features differing from those discussed in IN 92-18) deterministically to assess 
the potential for this kind of behavior in a fire.  

There was no discussion about the potential for fire-induced spurious operation and mechanical 
pump damage provided in the document as required by the agreement.  

Findings 

Agreement 8 has been partially addressed, but the BWROG Appendix R Committee arguments 
concerning spurious operation and mechanical damage to MOVs are too narrowly focused on fire 
in the control room. In addition, the probabilistic approach presented should be more rigorously 
developed. The issues concerning possible spurious operation and resulting damage to pumps 
was omitted, contrary to Agreement 8.  

Agreement 9 - The final BWROG circuit analysis methodology document 

Considering that Appendix R, Section Il. G.2. specifies that both cables and equipment (including 
associated non-safety circuits) of redundant trains shafl be free of fire damage (i.e., able to perform 
their intended functions), the methodology document will address the acceptable limit or extent of 
fire-induced damage to redundant train power, indication and control circuits.  

Commentary 

This issue was not addressed directly in the BWROG document. However, somewhat oblique 
reference to it seems to be made by crediting operator actions to ensure functionality of safe 
shutdown equipment, and by recommending an assessment of the importance of cables and 
circuits associated with safe shutdown equipment to ensure they are protected if necessary.  
Otherwise, there seems to be no direct reference to the limit of fire damage (or damage threshold) 
allowed to cables and circuits before the impact of such damage prevents safe shutdown 
functionality.  

Findings 

The Agreement 9 issue has not been fully addressed and Agreement 9 has not been met.  

Agreement 10 - The final BWROG circuit analysts methodology document 

* Will identity manual action considerations to be addressed to ensure comprehensive and effective 
analysis of both redundant train and aIternative/dedicated post-fire safe shutdown capabilities, such 
as:
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" Operator actions to address reactor transients from the panels In the control room (before the 
control room evacuation decision is made) and from the remote/altemative/dedicated shutdown 
stations In the plant 

"* Personnel hazards (radiation, steam, heat, smoke, fire, heights, etc.) 

"• The limits on shutdown procedure complexity when the following human factors Issues are 
considered: training, walkdown, and simulation frequency and depth (relative to operator 
familiarity with the manual actions and the locations at which they are conducted); 
communications equipment and their limitations and adequacy;, on shift staffing requirements; 
numbers of independent operators; procedural action timing requirements; and plant conditions 
(lighting, temperature, noise, etc.); procedure feasibility, and the availability and practicality of 
the application of operator aids.  

The availability of materials for, and practicality of procedures for cold shutdown repairs. This 
discussion will include a definition of the term "cold shutdown repair" as distinct from the 
definition of the term "mnanual action." 

A;.  

Discussions/definitions of terms such as "remote control," "local control," "manual control," 
"remote shutdown panel, 'and "remote shutdown location, gand any limitations on remote or local 
actions based on the type of shutdown being conducted (redundant train/alternative/dedicated).  

Commentary 

There was very little discussion of these issues in the main body of the BWROG document.  
Appendix D to the BWROG document addresses the issues associated with alternative/dedicated 
shutdown, and Appendix F discusses manual actions and repairs.  

The manual actions discussed in Appendix D actually involve additional actions, recommended 
by the BWROG, beyond scramming the reactor. They recommend these actions as a potential 
benefit in minimizing the potential for flooding of the main steam lines outside of containment.  
Other than these recommendations, specific required operator actions are not discussed. The 
most pertinent statements are very general, for example, in Section D.3.0,"...the remaining 
Control Room operators would continue to perform their duties as trained, responding to alarms 
and monitoring important plant parameters." 

No specific discussions on personnel hazards are presented in Appendix D other than brief 
mentions of the need for assuring that ingress and egress routes to equipment and components 
requiring manual action for safe shutdown are provided with sufficient lighting and 
communications. No mention of radiation, steam, or heights is made as consideration for 
personnel access to those areas.  

The same is true of the discussion of manual actions and repairs, provided in Appendix F.  
Appendix F also identifies those criteria unique to repairs as opposed to manual actions required 
to accomplish safe shutdown. However, rather than address the issue of practicality of 
performing the required manual actions, Appendix F only mentions the requirements to be met.  
For example, the BWROG Committee mentions that there shall be a sufficient number of 
operators to perform the required actions on shift, but not skill levels or needed equipment.
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Most of the terms requiring definition, as specified in sub-bullets 4 and 5, above, are defined in 
Section 4.0 (Definitions) of the BWROG document. A few definition of terms is also provided 
in Appendix F. The definitions appear to be complete.  

Findings 

Some, but not all, of the issues in Agreement 10 have been addressed. Additional consideration 
of the Agreement 10 issues on the part of the BWROG is necessary to fully meet the intent of the 
agreement 

C. EDITORIAL COMMENTS 

1. Section 1.1 

In the second sentence of the second to last paragraph, the word "criteria" s•,puld be replaced by 
method.  

2. Section 1.3 

In the second sentence of the third paragraph, the word "separation" should be replaced by 
protection.  

Later in the same sentence, the statement "a safe plant design is achieved" is too broad a 
statement. It should be replaced with a reasonable assurance of safe shutdown capability is 
achieved.  

The following changes to the fourth paragraph should be made: "...for evaluating the potential 
effects ... and equipment to function as required and for ... impacts from the fie on these systems 
and equipment." 

In the second sentence of the sixth paragraph, the following word change should be made: from 
"...on identifying the circuits of concern ..." to "...on identifying and analyzing the circuits of 
concern ... " 

3. Section 1.3.2 

The third sentence in the paragraph should be changed to read as follows: "By assuring that one 
or more safe shutdown paths, capable ofperforming their required functions, exist in the event of 
afire in anyfire area, safe shutdown capability is reasonably assured." 

4. Section 13.3 

The third sentence in the first paragraph should be changed from "related to" to identified for.
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The first sentence of the third paragraph should be changed to read as follows: "By assuring the 
availability of the equipment required for the safe shutdown systems required for one or more 
safe shutdown paths defined for each fire area, safe shutdown capability is reasonably assured." 

5. Section 13A 

The first sentence of the third paragraph should be changed to read as follows: "By assuring the 
integrity of the cables required for the safe shutdown equipment on one safe shutdown path 
identified for each fire area, safe shutdown capability is reasonably assured." 

6. Section 1.3.5 

The second sentence in the first paragraph should be changed from "relatedto" to defined for.  

The word "or" in the first sentence of the second paragraph should be changed to and. Otherwise 
it appears that the circuit analyst can pick any one of the three circuit failure modes to evaluate, at 
his discretion.  

The second sentence of the second paragraph should be changed to read as follows: "If any of these circuit failure modes affect the ability of the equipment to function, or cause it to function 
improperly, then the safe shutdown equipment is considered to be impacted." 

7. Section 1.3.6 

The words "have been", in the first sentence of the first paragraph should be changed to are.  

The second sentence in the first paragraph should be changed to read as follows: "The effects on 
safe shutdown capability for each safe shutdown equipment potentially impacted by afire must be addressed and a process for mitigating those effects must be developed and implemented." 

The first sentence of the second paragraph should be changed from "safe shutdown is assured." 
to safe shutdown capability is reasonably assured.  

8. Section 2.1 

The first sentence of the first paragraph should be changed to read as follows: "IOCFR50 
Appendix R Section Ill.G, establishes the specific regulatory requirements for protecting 
structures, systems, equipment, cables and associated circuits important for achieving Safe 
Shutdown." 

The colon (:) at the end of the second paragraph should be replaced with a period (.).
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The first sentence of the third paragraph should be revised to read as follows: "Section Ml.G. 1 
provides the specific requirements for fire protection of safe shutdown capability and states the 
following:" 

9. Section 2.3.4 

The period at the end of this paragraph is missing and should be added.  

10. Section 3.0 

The word "acceptable" in the second sentence of the first paragraph should be changed to 
possible.  

11. Section 3.1.1.3 

Recommend that the following sentence be inserted between the second and third sentences of 
this paragraph: "Alternative shutdown capability is achieved by rerouting, relocating or 
modification of existing systems." 

12. Section 3.1.2.3 

"Reactor" should not be capitalized.  

13. Section 3.1.2.5 

The final sentence of the first paragraph should be changed to read, "...for the typical BWR to 
successfully achieve safe shutdown." 

The word "select" in the final paragraph should be changed to selected.  

14. Section 3.1.3.4 

The second sentence should be reworded to indicated that the combination of systems relied 
upon for safe shutdown will be identified for a fire occurring in each fire area. In other words, 
the successful safe shutdown path(s) identified for each fire area will be protected from the 
effects a fire within that fire area.  

15. Section 3.3.1
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The word "impact" near the end of the second sentence should be changed to effect.  

16. Section 3.3.1.1 

The word "investigated" at the end of the third sentence should be changed to analyzed.  

The second to last sentence in the paragraph should be changed to read, "The methods discussed 
in Section 3.5 must be applied as part of this section." Also, delete the last sentence of this 
paragraph.  

17. Section 3.3.1.7 

The last half of the discussion on selection of power distribution cables in uncoordinated 
switchgear is very confusing. This subsection should be completely rewritten.
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18. Section 3.3.3.3

The last sentence of the second paragraph makes a reference to "secondary components." An 
example of this concept should be provided or the sentence should be truncated after the word 
"equipment." 

19. Section 3.4 

The word "determined" at the end of the third sentence of the first paragraph should beChanged 
to designated.  

The word "individually" should be deleted from the second paragraph.  

20. Section 3.4.1A 

The last paragraph needs to be reworded (i.e., what does "the following mentioned above" 
mean?).  

21. Section 3.4.1.8 

The end of the sentence should be changed to read as "...post-fire safe shutdown capability and 
mitigating any impacts discovered." 

22. Section 3.4.2.2 

The use of the words "position" and "positions" in the last paragraph is somewhat misleading.  
Replacing these words with "state" and "states" would be clearer and in keeping with the intent 
of the statements. Also, replace "equipment may" with "each component should" in the last 
sentence.  

23. Section 3.4.2.5 

The first sentence should be changed to read "...or mitigating actions required for assuring safe 
shutdown capability."
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24. Section 3.5,

The second sentence of the first paragraph should be modified to read as "...to achieve and 
maintain post-fire safe shutdown in the event of afire occurring in a particular fire area." 

25. Section 3.5.1.1 

(first bullet) Remove the "a" from between "cause" and "spurious". Add the following sentence 
to the end of the paragraph: "A hot short may also cause the loss of equipmentfunctionality 
(e.g., a fuse blows in the control circuit, leading to an open circuit condition)." 

(third bullet) Modify the end of the last sentence to read, "...of which it is a part, resulting in 
maloperation of the equipment (e.g., spurious operation)." 

26. Section 3.S.2.1 

(third bullet) The statement should be changed to read as "An open circuit on the secondary side 
of a high voltage (e.g., 4.16 kV) current transformer may result in fire ignition and damage." 

27. Section 3.5.2.1: Open circuit No. 1 

An additional explanation should be added: "The same result occurs if the open circuit were to 
be on the common return conductor, upstream of the circuit ground connection." 

28. Section 3.5.2.1 

A final summnary statement should be added to conclude the open circuit failures discussion: 
"Analysis must determine if any of the possible outcomes resulting from an open circuit 
condition is acceptable with regard to the required functionality of the affected equipment." 

29. Section 3.5.2.2: Short-to-Ground on Grounded Circuits, Short-to-mound No. 1 

The second sentence should be changed to read "...using either control switch." 

30. Section 3.5.2.2: Short-to-Ground on Ungrounded Circuits, Short-to-ground No. I 

The second sentence should be changed to read "...using either control switch." 

31. Section 3.5.2.2: Short-to-Ground on Ungrounded Circuits, Short-to-ground No.2
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The first sentence should be changed to read "...until the close/stop control switch is closed and if 
short-to-ground No. 3 also exists." 

32. Section 3.5.2.3: A Hot Short on Grounded Circuits 
/ 

""h, word "one" in the third sentence of the second paragraph should be removed. The word 
"individual" in the next sentence should also be removed.  

33. Section 3.5.2.3: A Hot Short on Ungrounded Circuits 

The second sentence of the first paragraph should be modified to read, "A single hot short can 
cause a spurious operation if the hot short comes from a circuit whose positive leg comes from 
the same ungrounded source as the effected circuit." 

34. Section 3.5.2.4 

The second sentence of the first paragraph should be changed "... to a single cable, lack of..." 

The statement provided in item 2, on the next page, should be changed to "... and the 
breakers/fuses feeding all of the loads 

The last sentence in Item 3 should read "... the maximum available fault current at the bus." 

35. Section 3.5.2.5 

In the first sentence: the word "Associated" should not be capitalized, and the word "failures" 
should be "fires".  

The end of the second paragraph should be changed to read, "... to alleviate fire propagation 
concerns along the associated circuit cables." 

36. Section 4.0: Reauired Safe Shutdown Path 

The first sentence should be changed to read, "The safe shutdown path selected for achieving and 
maintaining safe shutdown during and after afire in a particular fire area." 

37. Section 4.0: Reouired Safe Shutdown Equipment/Component
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I *

The definition should be changed to read, "Equipment that is required to either function or not 
malfunction in order that the required safe shutdown path will be capable of achieving and 
maintaining safe shutdown during and after afire in a particular fire area." 

38. Section 4.0: Required Safe Shutdown Cable/Circuit 

The sentence should be changed to read, "Cable/circuit required to support the operation or 
prevent the maloperation of required safe shutdown equipment during and after afire in a 
particular fire area." " 

APPENDIX A: Safe Shutdown Analysis as Part of an Overall Fire Protection Program 

39. Section A.3.4 

The word "us" should be changed to use in the second-to-last sub-bullet under "Fire Brigade 
Training includes:".  

The statement provided in the fourth bullet under category 5, "Post-Fire Safe Shutdown 
Capability," should be modified to indicate that the fire area wherein the twenty foot horizontal 
train separation criteria is employed must also include fire detection and automatic suppression 
systems.  

APPENDIX B: Consideration of NRC IN 92-18 

40. Section B.5.I, Ignition Frequency Factor: Equation 2b 

The subscripts "Term Cabinet" in the second term of both equations should be changed to 
Control Panel.  

41. Section B.S.1 

The number "9" in fh second term of the first equation should be changed to 39.  

42. Section B.5.1, P701 

The subscript "Conf P601" for F should be changed to ConfP701 in the last sentence of the 
subsection.  

43. Section B.5.2
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"IN 92-28" should be changed to IN 92-18.  

APPENDIX D: Alternative/Dedicated Shutdown Requirements 

44. Section D.2.0 

The word "in" in the first sentence of the first paragraph should be changed tofor.  

The word "form" in the first sentence of the third paragraph should be changed to from.  

45. Section D.4.0 

Following the quote from Appendix R, Section U.L. 1, is an italicized passage: "Alternative 
shutdown capability is provided by rerouting, relocating or modification of existing systems; 
dedicated shutdown capability is provided by installing new structures and systems for the 
function of post-fire safe shutdown", that is from Appendix R, Section M.G.3, and should 
include the correct section reference or it should be removed.  

APPENDIX F: Manual Actions and RepaIrs 

46. Section F.4.0 

The last sentence of the first paragraph states "... to maintain hot shutdown for an extended 
period of time if necessary..." It is recommended that the statement be modified to recognize that 
the ability to achieve cold shutdown must be available within 72 hours and which 72-hour rule 
applies.  
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A PROPOSED COMMON TERMINOLOGY FOR CIRCUIT ANALYSIS 

Steve Nowlen, Frank Wyant, Jeff LaChance 
Sandia National Laboratories 
July 25,2000 

Preface 

The following is proposed for addition to Chapter 1 of the RES circuit analysis report in 

preparation for its publication as a NUREG/CR. The intent of this added material is to clarify 

the applied terminology as used in the report Attempts have been made to address both past and 

current documents on the subject. Industry comments as communicated to the USNRC in a 

public meeting July 21, 2000 have also been considered.  

1.xx Terminology for Fire-Related Circuit Analysis 

The terminology applied to fire-induced cable failure and circuit fault analysis has been rather 

loosely defined by past documents. Industry, the regulatory authorities, and researchers have 

often applied similar terms with very different meanings implied. One of the objectives of this 

report is to establish a clearly defined terminology in order to avoid confusion in future 
applications.  

The following discussion has been developed based on past literature on the specific subject of 

fire induced cable failures and circuit analysis. This included USNRC regulatory documents 

(Appendix R, GL86-10, GL92-08), past research publications (e.g., NUREG/CR-2258) current 

industry efforts to establish methods to resolve the circuit analysis issue (i.e., the recent BWROG 

and NEI circuit analysis documents), and the language used in the draft NFPA 805 standard. It 

is not possible to fully harmonize the language as used in all of these documents. That is, each 

uses various terms somewhat differently and with varying degrees of precision and consisteny.  

The proposed language is intended to establish and maintain consistency with, in particular, the 

spirit of the older documents and the actual wording of the most recent documents.  

Ljxx.I Proposed Circuit Analysis Structure and Terms 

The current report presents the circuit analysis problem as comprised of three elements, and the 

proposed terminology will reflect this structure. That is, there is a unique set of terminology 

associated with each element of the analysis. The three elements are cable failure behavior, 

circuit fault analysis, and functional impact assessment and quantification. The overall process 

of circuit analysis is illustrated in Figure 1.1 and is presented in this report as an iterative 

interaction between these three elements as follows.  

Cable failure behavior is a part of the overall fire damage analysis. This analysis will 
assess the physical behaviors associated with each postulated fire and the potential for
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Figure 1. 1: Circuit analysis process structure and associated terminology. Note that the listing 

of circuit fault effects and functional impacts is not exhaustive. They are presented as 

illustrative examples only.  

each fire to induce one or more cable failures. Ideally this will include timing 

information (when the failures occur), information on the relative likelihood of each 

mode of cable failure that may be of interest to the PRA quantification (see discussion 

below), and assessments of the overall frequency of each proposed cable damage state or 

failure mode (including mitigation by detection and suppression before damage).  

The electrical circuit fault analysis will consider the various cable failure modes and 

will assess the effect of those cable failures on the related circuits. The analysis will 

determine how each circuit will respond to the various modes of cable failure that may be 

observed. This will result in the identification of potential circuit fault modes. This 

information is also fed back into the fire damage analysis in the form of specific modes 

of cable failure that may be of particular interest. When combined with the information 

on cable failure frequency and failure mode likelihood estimates, the analysis provides 

frequency estimates for each of the circuit fault modes of potential interest to the risk 

quantification.  

The final step is to assess the functional impact of the circuit faults on the plant. This is 

done in the domain of PRA plant systems modeling and the event/fault tree analysis and 
quantification. It is also the responsibility of this element of the analysis to identify the 
risk important plant systems and to communicate that information for use in the electrical 

circuit analysis and fire damage analysis. The functional impact analysis also identifies 
the various system impacts that may be of risk significance so that the electrical analysis 

can specifically assess the potential for such undesired impacts to be realized as the result 
of various circuit faults.



Note that this report distinguishes the terms failure and fault. A failure is defined as "a state of 
inability to perform a normal function" [Websters, 1981]. Consistent with this definition, this 
report will discuss failures in the context of a specific component, typically a cable. That is a 
cable failure implies that the cable can no longer perform its intended design function. In 
contract a fault is defined as "a physical imperfection or impairment" (Websters, 1981]. This 
report will discuss faults in the general context of the of a total electrical circuit or system. That 
is, a circuit fault implies the impairment or imperfect operation of the associated electrical 
system. Given the overall circuit analysis process structure and this clarification, the following 
terminology is defined in the context of each element of the overall analysis.  

Cable failure: This term refers to a cable's physical and electrical condition. A failed 
cable is a cable that is unable to perform its design function (as noted above). The 
assessment of cable failure behavior is the domain of the fire damage analysis. It is pre
supposed in this study that the postulated fire will present a sufficient thermal insult to 
the exposed cables such that electrical failure of one or more insulated conductors will 
occur. Electrical failure implies the breakdown of the electrical isolation (insulation 
resistance) of one or more individual conductors from other elements of the electrical 
system. Several modes of cable failure are of interest as follows: 

.Open circuit cable failure mode - An open circuit cable failure is the loss of 
electrical continuity of an individual conductor (i.e., the conductor is broken and 
the signal or power does not reach its destination). This terminology is fully 
consistent with general electrical trade jargon.  

Short to ground cable failure mode - This cable failure mode involves one or 
more individual conductors coming into electrical contact with a grounded 
conducting medium resulting in an unplanned electrical path that diverts electrical 
current from a circuit. The ground plane may be accessible in various forms 
including a cable tray, conduit, grounded cable or conductor shield, grounded 
cable armor, or a grounded conductor. The fault may be accompanied by a surge 
of excess current to ground, particularly in higher voltage circuits, that is often 
damaging to the conductor. In common electrical terms this may be referred to as 
a "ground fault" or a "line to ground fault." Also note that a short to ground may 
be characterized by either a high- or low-impedance electrical contact.' 

'The distinction between high-impedance or low-impedance short circuit is a reflection 
of the "quality" of the electrical short circuit that forms. In some circumstances, the short circuit 
may be characterized by an electrical connection with little or no residual resistance (low
impedance). In common electrical trade jargon these may also be referred to as "hard," "dead," 

or "bolted" shorts. Some short circuits may involve relatively poor electrical connection that 
may retain substantial residual resistance (high-impedance). No clear criteria can be established 
for the level of residual resistance that reflects a low-impedance versus a high-impedance failure.  
This distinction must be viewed in the context of the circuit under consideration and the 
potential unique circuit fault effects that might be realized (or not realized) depending on the



Hot short cable failure mode - These are electrical short circuits that involve one 

conductor coming into electrical (or physical) contact with a second conductor 

without a simultaneous short to ground. Hot shorts may occur between the 

conductors of a multi-conductor cable (an internal hot short) or between 

conductors iM sepe-te co-located cables (an external hot short). A hot short has 

the potential to energize an affected conductor or to complete an undesirable 
circuit path.' In common electrical jargon this fault mode corresponds to what is 

commonly referred to as a "line-to-line" short circuit. Also note that a hot short 

may be characterized by either a high- or low-impedance electrical contact (see 
footnote I).  

-Loss of insulation resistance: The insulation resistance (IR) of most modem 

cable insulation materials decreases as the temperature of the cable insulation 

increases. In general, the IR degradation is exponential with increasing 
temperature (see, for example, NUREG/CR-5655, Table 4). For some circuits it 

is appropriate to consider the effects of IR degradation levels that may fall well 

short of a gross short circuit condition. For example, modest levels of IR 

degradation may be sufficient to bias an instrument reading. Hence, instrument 

circuits may be compromised by a degree of cable degradation that would not be 

appropriately characterized as a short circuit condition. This mode of failure is a 

more generalized failure mode that in theory encompasses both short to ground 

and hot short failures. That is, with IR degradation, leakage current may develop 

between two conductors, or between a conductor and ground.  

Circuit fault refers to effects that postulated cable failures will have on the associated 

electrical circuits and components. A faulted circuit will perform in an imperfect or 

impaired manner (as noted above). Determination of the nature of any circuit faults, that 

is the nature of the imperfect or impaired operability of the circuit, falls within the 

domain of an electrical circuit analysis. There are many potential circuit fault effects that 
might be observed including the following.  

"quality" of the short circuit.  

2The distinction between "intemrnal" and "external" hot shorts is consistent with the 
language of the draft NFPA 805 standard.  

3Note that in some earlier works the term hot short has been used interchangeably with 

the term spurious operation. In this report the two terms are cited as entirely distinct concepts.  

A hot short is a physical behavior associated with the failure of an electrical cable. In contrast, a 

spurious operation is one of many circuit fault modes that may be induced as a result of a cable 

failure. Not all hot shorts will lead to spurious operations, and not all spurious operations will 

require the existence of a hot short. This is taken up elsewhere in the report.



No effect: Some cable failures will have no real impact on the operability or 
availability of a system.  

Loss of circuit operability: Some cable failures may lead to a total loss of circuit 
operability. This would be common, for example, in cable failures that lead to 

opening of circuit protection features such as fuses and breakers and/or failures 
that lead to a loss of control or motive electrical power sources. Loss of 
operability may also result from failures involving instrumentation and control 
interlocks and permissive signals. For example, the failure of an oil pressure 
signal cable in such a manner that a false-low oil pressure were indicated may 
lead to the loss of function of an associated pump or motor due to an oil pressure 

interlock. Also note that a loss of function may be recoverable through manual 
intervention.  

-Loss of indication: In some cases cable failures may leave a system or 
component nominally operational, but will compromise the indication functions 
of the circuit. This may lead, for example, to status indicating lights going dark.  

Inaccurate indications: Some cable failures may result in misleading or even 

conflicting control and instrument signals. For example, position indicating 
lamps for a circuit may simultaneously light indicating both the open and closed 
(or running and stopped) positions of a component. For instrumentation circuits a 

relatively low level of cable insulation resistance may be sufficient to 
substantially bias an instrument's readout.  

Spurious Operation: This is the undesired or unplanned operation of a system or 

component. While spurious operations are most commonly associated with cable 
hot short failures, various cable failure modes may lead to spurious operations, 
and not all hot shorts will lead to a spurious operation. For example, in certain 
plant designs, a loss of power to control relays may result in the spurious 
operation of plant systems. Such power losses may result from various cable 
failures. For hot short induced spurious operations, certain combinations of 

conductor shorts may be required to induce spurious operation of a component.  

Time dependent fault effects: It should be noted that each of the circuit fault 
effects identified above may be time (and action) dependent. One example that 
will be illustrated in the body of this report is a case where certain combinations 
of conductor hot shorts might not cause any of the above cited circuit faults Mintil 

such time as the control switch is actually manipulated. In the example, the 
operation of the control switch leads to a loss of control power (a fuse wiln blow) 
and ultimately a loss of system function.  

Functional Impact refers to assessing the impact of the circuit faults on the plant's 
systems, components, and functions. This portion of the analysis lies in the domain of 

the plant systems modeling and risk quantification analysis. Depending on the systems



and components involved in the fire exposure, and on the nature of the electrical circuits, 
there are a variety of potential functional impacts that may be relevant to the risk 
quantification. These include (but are not limited to) the following: 

System's components start 
- -System's function lost 
- Systems's function not controllable 
- Diversion path opens 
- Flow path blocked 
- Instrument reading lost or misleading


