
UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

Mr. Joseph W. Shea 
Vice President, Nuclear Licensing 
Tennessee Valley Authority 
1101 Market Street LP 3D-C 
Chattanooga, TN 37 402-2801 

July 31, 2014 

SUBJECT: BROWNS FERRY NUCLEAR PLANT, UNITS 1, 2, AND 3- REQUEST FOR 
ADDITIONAL INFORMATION REGARDING LICENSE AMENDMENT 
REQUEST TO ADOPT NATIONAL FIRE PROTECTION ASSOCIATION 
STANDARD 805 PERFORMANCE-BASED STANDARD FOR FIRE 
PROTECTION FOR LIGHT WATER REACTOR GENERATING PLANTS 
(TAC NOS. MF1185, MF1186, AND MF1187) 

Dear Mr. Shea: 

By letter dated March 27, 2013, as supplemented by letters dated May 16 and December 20, 
2013, Tennessee Valley Authority (the licensee, TVA) submitted a license amendment request 
(LAR) to transition the fire protection licensing basis at the Browns Ferry Nuclear Plant, Units 1, 
2, and 3 (BFN), from Title 10 of the Code of Federal Regulations (1 0 CFR), Section 50.48(b), to 
10 CFR 50.48(c), National Fire Protection Association Standard NFPA 805, 
"Performance-Based Standard for Fire Protection for Light Water Reactor Electric Generating 
Plants." 

The U.S. Nuclear Regulatory Commission (NRC) staff reviewed the information provided by 
TVA, participated in an audit at the BFN site from September 9 - 13, 2013, and determined that 
additional information is needed to complete the review. By letter dated November 19, 2013, 
the NRC staff requested additional information. By letters dated December 20, 2013, 
January 10 and 14, February 13, and March 1 0, 2014, the licensee responded to the NRC 
staff's request for additional information (RAI). 

The NRC staff reviewed the licensee's responses and determined that additional information is 
needed. The enclosure to this letter contains the staff's followup RAI specific to the probabilistic 
risk assessment (PRA). On June 24, 2014, the NRC staff forwarded, via electronic mail (email), 
a draft of the PRA RAI to the TVA staff. On July 8, 2014, the NRC staff and TVA staff held a 
conference call to provide the licensee with an opportunity to clarify any portion of the draft PRA 
RAI and discuss the timeframe for which TVA may provide the requested information. The 
finalized PRA questions are found in Enclosure 1 of this letter. By an email dated July 24, 2014, 
Mr. Clinton Szabo of your staff provided the NRC staff with TVA's proposed response dates. 
Enclosure 2 to this letter contains the licensee's proposed response dates. The NRC staff has 
expressed to the licensee that the latest proposed response date of December 17, 
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2014, will likely impact the NRC staff's ability to complete the amendment by the original target 
date of March 31, 2015. 

Please contact me at 301-415-1447, or via email at farideh.saba@nrc.gov, if you have any 
questions. 

Docket Nos. 50-259, 50-260, 
and 50-296 

Enclosures: 
1. Request for Additional Information 
2. Summary of BFN NFPA 805 PRA RAI 

Response Dates 

cc w/enclosures: Distribution via Listserv 

Sincerely, 

Farideh E. Saba, Senior Project Manager 
Plant Licensing Branch 11-2 
Division of Operating Reactor Licensing 
Office of Nuclear Reactor Regulation 



REQUEST FOR ADDITIONAL INFORMATION 

LICENSE AMENDMENT REQUEST TO ADOPT 

NATIONAL FIRE PROTECTION ASSOCIATION STANDARD 805 
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FOR LIGHT WATER REACTOR GENERATING PLANTS 

TENNESSEE VALLEY AUTHORITY 
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DOCKET NOS. 50-259, 50-260, AND 50-296 

Probabilistic Risk Assessment (PRA) Request for Additional Information (RAI) 01.r.01 

By letter to the Nuclear Regulatory Commission (NRC) dated December 20, 2013 (Agencywide 
Documents Access and Management System (ADAMS) Accession No. ML13361A093), the 
licensee responded to PRA RAI 01.r by stating that modeling of junction box scenarios is 
consistent with Frequently Asked Question (FAQ) 13-0006, "Modeling Junction Box Scenarios 
in a Fire PRA." However, the descriptions of the detailed evaluation do not appear to be 
consistent with the FAQ. 

a. The first bullet (Full compartment burn scenarios) states that in some cases a junction 
box fire was included in the frequency of full compartment burn scenarios. The FAQ 
allows for such screening but the assumption is that screening at this level is appropriate 
when identifiable methods and appropriate risk results are achieved. What are the 
decision guidelines that were used to determine that this screening method is 
appropriate? 

b. The first sub-bullet under the second bullet (Fire scenarios) states that, "For selected 
plant physical analysis units (PAUs), one scenario was added consisting of the sum of 
the frequency of self-ignited cable fires and junction box fires only and the failure of all 
the targets in the PAU." This would only differ from the first bullet mentioned above if 
junction box fires and/or self-ignited cable fires are the only full compartment burnout in 
some PAUs. What is the difference between the first bullet and the first sub-bullet under 
the second bullet? Are there some PAUs where junction box or cable fires are the only 
compartment burnout scenarios? 

c. The second sub-bullet states, "[f]or the remaining PAUs (i.e., those where the 
conservatisms associated with failing all targets in the PAU had to be refined), the 
conditional core damage probability (CCDP) was re-calculated using the two most risk 
significant raceways as documented in the Browns Ferry Nuclear (BFN) Fire PRA Cable 
Tray Sensitivity evaluation." In contrast, the FAQ states, '[f]or junction boxes that are 
Fire PRA targets, calculate the CCDP values assuming the loss (failure) of one junction 

Enclosure 1 
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box at a time in the PAU (i.e., never more than one junction is involved, and there is no 
sequential fire propagation from the initiating junction box to other intervening 
combustibles)." The approach in the response appears to be failing far more equipment 
than assuming the loss of one junction box. Provide additional discussion about how 
failing the two most significant raceways is consistent with the FAQ guidance that only 
the loss of one junction box at a time should be assumed. 

d. The second sub-bullet also states, "[t]he process consisted of identifying the highest pair 
of risk contributing targets (i.e., raceways) in a PAU and selecting those as targets for 
the Junction Box scenario." There is some allowance in the FAQ for assuming that 
junction boxes are located at routing points but not just generally at any point in a 
raceway. Provide additional discussion about how failing the two most significant 
raceways is consistent with the FAQ guidance that junction boxes should be assumed at 
routing points which may or may not be located in a position to fail two different 
raceways. 

e. The second sub-bullet also states that, "The frequency calculation for these scenarios 
included the generic frequency apportioned to the fire zone and an ignition source 
weighting factor based upon the length of trays selected as target sets compared to the 
total length of trays in the fire PAU." Since junction boxes are fires that only fail the 
equipment in the junction box it is unclear what "length of tray" is associated with target 
sets. It is also unclear why cable tray length can be substituted for number of junction 
boxes or even number of cables. Finally, it would seem that the PAU frequency, rather 
than the zone frequency, would be modified by the ratio of junction box or cable number 
for the target set to the PAU. Provide additional discussion about how the PAU 
frequency is assigned to each junction box location. 

PRA RAI 04.01 

By letter dated February 13, 2014 (ADAMS Accession No. ML 14055A305}, the licensee 
responded to PRA RAI 04 stating that main control room (MCR) abandonment due to loss of 
control is assumed for fire compartments 16-A, 16-K, 16-M and 16-0 if fire damage alone 
leaves no available Nuclear Safety Capability Assessment (NSCA) safe shutdown success 
path. 

a. Clarify the basis for this assumption. In doing so, discuss how the criteria to abandon 
due to loss of control assumed by the Fire PRA is modeled in the compliant and 
going-forward fire PRA (if different). 

b. Describe the cues used by operators to abandon the MCR, including how the timing of 
these cues are determined and modeled. 

Note that there is currently no accepted guidance on crediting MCR abandonment due to loss of 
control and that absent an acceptable analysis, the staff will not accept credit for this particular 
type of recovery. An alternative, appropriate method is to not credit MCR abandonment due to 
loss of control and resolve variance from deterministic requirements (VFDRs) in the compliant 
case (e.g., by setting associated recovery actions in the variant case to be successful). 
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PRA RAI 04.c.01 

In the letter dated February 13, 2014, the licensee's response to 04.c states the largest CCDP 
following MCR abandonment is reported to be 0.351. CCDP's of 1.0 are generally used in 
some infrequent fire scenario where, for example, large MCR fires cause multiple structure 
system and component (SSC) failures and spurious operations such that the likelihood of 
successfully shutting down the plant is very low. Describe how such large MCR fires were 
evaluated that would support the estimated maximum CCDP of 0.351. 

PRA RAI 04.k.01 

In the letter dated February 13, 2014, the licensee's response to PRA RAI 04.k suggests that 
dependencies between alternate shutdown actions were not addressed because the two 
credited shutdown paths are independent from a systems perspective. Provide justification for 
the assumption that all alternate shutdown actions are independent. If such actions are found to 
exhibit dependency, provide updated risk results as part of the integrated analysis requested in 
PRA RAI 24, addressing identified dependencies. 

PRA RAI 04.1.01 

In the letter dated February 13, 2014, the licensee's response to PRA RAI 04.1 states that 
component random failure probabilities for the backup control panel shutdown path were 
"ignored" and notes that such failures are small in comparison to human error probabilities 
(HEPs) credited for MCR abandonment. 

a. Given that no quantitative basis for excluding random failure probabilities is provided, 
confirm that the contribution of each respective random failure mode omitted from the 
Fire PRA results meets the criteria for exclusion provided by SR SY -A 15 of 
ASME/ANS-RA-Sa-2009 or any other appropriate method. 

b. Alternatively, provide updated risk results as part of the integrated analysis requested in 
PRA RAI 24, accounting for random failures. 

PRA RAI 1 O.c.01 

In a letter dated March 14, 2014 (ADAMS Accession No. ML 14079A 159), the licensee's 
response to PRA RAI 1 O.c indicates that an unavailability and unreliability value of 2.0E-02 is 
applied to the to-be-installed total-flooding, clean agent system credited in the cable spreading 
room. While justification is provided as to why values in "EPRI/NRC-RES Fire PRA 
Methodology for Nuclear Power Facilities, Final Report" (ADAMS Accession No. ML052580075) 
(NUREG/CR-6850) for gaseous suppression systems may not be applicable, the response does 
not provide a basis for the value of 2.0E-02. Given the large risk impact of using 5.0E-02 noted 
by the sensitivity study provided in Section V.2.4 of the license amendment request (LAR), as 
supplemented, provide technical justification for the chosen system unavailability and 
unreliability. 
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PRA RAI 14.01 

In a letter dated January 10, 2014 (ADAMS Accession No. ML 14014A088), the licensee 
submitted revisions to Implementation Items 32 and 33 proposed in the response to 
PRA RAI 14. The revisions do not provide a plan of action should the change in risk exceed risk 
acceptance guidelines. Include information in the response to explain the path forward should 
risk acceptance guidelines be exceeded subsequent to completion of PRA-credited 
modifications and implementation items. 

PRA RAI 19.a.01 

In the letter dated January 10, 2014, the licensee responded to PRA RAI 19.a summing those 
individual fire area delta risk values in LAR Attachment W that are positive and those that are 
negative as a means to obtain the total risk increase and decrease, respectively; however, 
these reported risk totals do not separate the total risk increase associated with all VFDRs 
retained in the post-transition plant from the total risk decrease (or offset) associated with 
risk-reduction modifications (e.g., the emergency high pressure makeup pump). Regulatory 
Guide (RG) 1.17 4 "An Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis," Revision 2, May 2011 (ADAMS 
Accession No. ML 10091 0006) states that combined change request (i.e., those that combine 
risk increases with risk decreases) should report the risk increases and risk decreases 
separately. Provide an estimate of the risk increase from the retained VFDRs and, separately, 
the risk decrease associated with modifications made only to reduce risk. 

PRA RAI 19.b.01 

In the letter dated February 13, 2014, the licensee's response to PRA RAI 19.b and as clarified 
by the BFN Fire Risk Evaluation report, the top risk-significant fire scenarios for the compliant 
plant in Fire Area 03-03 for Units 1, 2 and 3 are associated with junction box (discussed in the 
response to PRA RAI 01.r.01) and cable (discussed in the response PRA RAI17.d) fires. A 
review of the BFN Fire Risk Evaluation report confirms that similar scenarios, including 
self-ignited cable fires and cable fires due to welding and cutting, dominate the risk results of 
other fire areas, presumably because some of these fires are leading to full room burnout. 
However, as noted in FAQs 13-0005, "Cable Fires Special Cases: Self-Ignited and Caused by 
Welding and Cutting," and 13-0006 past experimentation and operating experience indicate that 
the impact of such fires is limited such that only the tray or box of initiation may be assumed as 
the zone of influence. Other examples of apparently conservative modeling techniques include 
the assumed failure for all fire scenarios of some components whose cables are not routed (as 
discussed in the response to PRA RAI 11.a and RAI SSA 14). When introduced into the 
compliant plant, such conservatisms may produce non-conservative estimates of delta risk 
because risk-reduction modifications that reduce the risk of scenarios with conservatively high 
risk estimates will overestimate the magnitude of the actual risk reduction that will be achieved. 

a. Explain why normally relatively benign ignition sources, such as junction boxes and 
self-ignited cable fires, yield high risk estimates. If the contribution to the change in risk 
from junction boxes and cables fires is not identifiable in the information in the response 
to subpart iii below, provide the contribution of these two ignition sources to the variant 
and the compliant pant risk. 
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b. Identify generally what functions, systems, and components were assumed to fail with 
every fire because the routing of cables is not known. The response to Facts & 
Observations (F&O) 4-25 states that a sensitivity study was performed, Tennessee 
Valley Authority (TVA) Calculation NDN0009992012000016, ''TVA Fire PRA-Task 7.15 
Uncertainty and Sensitivity Analysis," Revision 0, which restored credit for all of the 
non-credited systems, and assumed they would never suffer any fire-induced failures. 
The resulting sensitivity study showed that there is very little risk benefit to pursue 
routing any of the non-credited systems." Summarize the results of this study. 

c. Provide quantitative results (i.e., core damage frequency (CDF), large early release 
frequency (LERF), change in Delta(~) CDF, and ~LERF values) of an assessment that 
demonstrate that the magnitude of the risk reduction from the improvements being 
implemented to reduce risk is greater than the magnitude of the risk of the retained 
VFDRs. This assessment should explicitly investigate and account for any 
overestimation in risk associated with conservative assumptions in scenarios that 
dominate the compliant plant risk but that are greatly reduced by proposed 
modifications. The impact of the assumption on the additional risk of recovery actions 
should also be addressed. 

PRA RAI 20.01 

In the letter dated March 14, 2014, the licensee responded to PRA RAI 20 stating that the Fire 
PRA models for the post-transition and compliant plants will be revised to credit those existing, 
non-fire-specific operator actions that occur outside the control room; however, the response 
does not address those taken internal to the control room. Clarify the treatment of existing, 
non-fire-specific operator actions taken internal to the control room consistent with PRA RAI 20. 

PRA RAI 22.01 

In a letter dated December 20, 2013, the licensee's response to PRA RAI 22 indicates that the 
Option No. 2 ''formula" method of Task 10 in NUREG/CR-6850 was used to estimate the circuit 
failure probabilities (CFPs) in the Fire PRA. Provide updated risk results as part of the 
integrated analysis requested in PRA RAI 24, estimating CFPs using the interim technical 
guidance. 

PRA RAI24 

Section 2.4.3.3 of the NFPA 805 standard incorporated by reference into Title 10 of Code of 
Federal Regulations (1 0 CFR) Section 50.48(c) "Fire Protection - Part 50: Domestic Licensing 
of Production and Utilization Facilities - Code of Federal Regulations- Title 10: Energy," states 
that the probabilistic safety assessment (PSA) (PSA is also referred to as PRA) approach, 
methods, and data shall be acceptable to the authority having jurisdiction, which is the NRC. 
RG 1.205, "Risk-Informed, Performance-Based Fire Protection for Existing Light-Water Nuclear 
Power Plants," identifies NUREG/CR-6850, NEI [Nuclear Energy Institute] 04-02, Revision 2, 
"Guidance for Implementing a Risk-Informed, Performance-Based Fire Protection Program 
Under 10 CFR 50.48(c)," and the ongoing FAQ process as documenting approaches, methods, 
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and data acceptable to the staff for adopting a fire protection program consistent with 
NFPA 805. 

The NRC staff identified several methods and weaknesses that were used in the Fire 
PRA. RAis were provided about these methods and weaknesses, and the responses have 
been reviewed. The staff noted that the justification provided for the methods and weaknesses 
listed below is not complete. 

Methods and weaknesses: 

• PRA RAI 01.f regarding the frequency of main control board scenarios 

• PRA RAI 01.h.ii regarding the frequency and severity factor of catastrophic turbine 
generator fires 

• PRA RAI 01.o regarding treatment of dependency for LEAF-related human failure 
events 

• PRA RAI 01.r (as clarified by PRA RAI 01.r.01) regarding treatment of junction box fires 

• PRA RAI 01.s regarding use of quantitative screening criteria consistent with CC-II of 
SR QNS-C1 as clarified by RG 1.200, Revision 2 

• PRA RAI 01.v regarding use of minimum joint HEPs 

• PRA RAI 1 0 regarding removal of credit for area-wide incipient detection in the auxiliary 
instrument rooms 

• PRA RAI 12 regarding scenario-specific timing for emergency depressurization 
dependent on both fire-induced and random failures 

• PRA RAI 20 (as clarified by PRA RAI 20.01) regarding credit for existing, nonfire-specific 
operator actions in the compliant plant 

• PRA RAI 22.01 regarding estimation of circuit failure probabilities 

The following Fire Modeling RAI appears to have caused changes that may impact the 
fire-affected components for a variety of fires. The aggregate change-in-risk evaluation should 
include the potential impact of changes in: 

• FM RAI 01.g regarding treatment of cable spreading room oil spill fires 

The following Fire Protection Engineering RAI appears to have caused changes that may 
impact risk results. The aggregate change-in-risk evaluation should include the potential impact 
of changes in: 

• FPE RAI 05 regarding the risk treatment of electrical raceway fire barrier 
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The following methods and weaknesses have been identified, but the NRC staff review is 
continuing with additional RAis and further supporting information has been requested. 
Alternatively, the licensee may replace any of these methods and weaknesses with another 
method by modifying the Fire PRA model. 

Methods and weaknesses still under review: 

• PRA RAI 04.01 regarding the credit for MCR abandonment due to loss of control 

• PRA RAI 04.k.01 regarding dependencies between alternate shutdown actions 

• PRA RAI 04.1.01 regarding the modeling of random failure probabilities for the backup 
control panel shutdown path 

• PRA RAI 1 O.c.01 regarding the unavailability and unreliability value applied to the total 
flooding, clean agent suppression system in the cable spreading room 

• PRA RAI 19.b.01 regarding the apparent dominance of risk scenarios from normally, 
relatively benign ignition sources (e.g., junction boxes) 

The following methods and weaknesses have been identified for which the NRC staff review is 
continuing with additional Fire Modeling RAis that may cause changes that impact the 
fire-affected components for a variety of fires: 

• FM RAI 01.01 regarding fire propagation in cable trays 

• FM RAI 02.01 regarding the damage delay time for cables in covered trays 

a. Provide the results of a composite analysis that shows the integrated impact on the fire risk 
(CDF, LERF, .llCDF, .llLERF) after replacing all the identified methods and weaknesses. As 
the review process is concluded, additional changes to replace any method or weakness still 
under review may be required. In this composite analysis, for those cases where the 
individual issues have a synergistic impact on the results, a simultaneous analysis must be 
performed. For those cases where no synergy exists, a one-at-a-time analysis may be 
done. If the impact on the change in risk from transition is negligible, a quantitative 
evaluation is unnecessary. 

b. For each method (i.e., each bullet) above, explain how the issue will be addressed in i) the 
final composite analysis results provided in support of the LAR and ii) the PRA that will be 
used at the beginning of the self-approval of post-transition changes. In addition, provide a 
method to ensure that all changes will be made, that a focused-scope peer review will be 
performed on changes that are PRA upgrades as defined in the PRA standard, and that any 
findings will be resolved before self-approval of post-transition changes. 

c. In the response, explain how the RG 1.205 risk acceptance guidelines are satisfied for the 
composite analysis. If applicable, include a description of any new modifications or operator 
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actions being credited to reduce risk (or delta risk} as well as a discussion of the associated 
impacts to the fire protection program. 

d. If any of the identified methods or weaknesses will be retained in the PRA that will be used 
to estimate the change in risk of post-transition changes to support self-approval, explain 
how the quantitative results for each future change will account for the use of the particular 
method or weakness. 



Tennessee Valley Authority 
Browns Ferry Nuclear Plant, Units 1, 2, and 3 

Summary of BFN NFPA 805 PRA RAI Response Dates 

Probabilistic Risk Assessment (PRA) Follow-up RAis 

RAI Question Number Date and Type of Response (days) 

PRA 01.r.01 1 0/7/2014 (90) 

PRA 04.01 10/7/2014 (90) 

PRA 04.c.01 10/7/2014 (90) 

PRA 04.k.01 10/7/2014 (90) 

PRA 04.1.01 10/7/2014 (90) 

PRA 10.c.01 10/7/2014 (90) 

PRA 14.01 9/9/2014 (60) 

PRA 19.a.01 12/17/2014 (162) 

PRA 19.b.01.i 10/7/2014 (90) 

PRA 19.b.01.ii 10/7/2014 (90) 

PRA 19.b.01.iii 12/17/2014 (162) 

PRA 20.01 9/9/2014 (60) 

PRA 22.01 -Discussion of method 9/9/2014 (60) 
- Updated risk results 12/17/2014 (162) 

PRA 24.a 12/17/2014 (162) 

PRA 24.b 10/7/2014 (90) 

PRA 24.c 12/17/2014 (162) 

PRA 24.d 10/7/2014 (90) 

Enclosure 2 
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2014, will likely impact the NRC staff's ability to complete the amendment by the original target 
date of March 31 , 2015. 

Please contact me at 301-415-1447, or via email at farideh.saba@nrc.gov, if you have any 
questions. 

Sincerely, 

IRA/ 

Farideh E. Saba, Senior Project Manager 
Plant Licensing Branch 11-2 
Division of Operating Reactor Licensing 
Office of Nuclear Reactor Regulation 
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