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By letter dated March 27, 2013 (Reference 1 ), Tennessee Valley Authority (TVA) submitted 
a license amendment request (LAR) for Browns Ferry Nuclear Plant (BFN) , Units 1, 2, 
and 3, to transition to National Fire Protection Association Standard (NFPA) 805. In 
addition , by letter dated May 16, 2013 (Reference 2) , TVA provided information to 
supplement the Reference 1 letter. 

By letter dated November 19, 2013 (Reference 3), the Nuclear Regulatory Commission 
(NRC) requested additional information to support the review of the LAR. The required 
dates for responding to the requests for additional information varied from a nominal 
60 days to 120 days. 

Enclosure 1 provides the third set of TVA responses to some of the requests for additional 
information (RAls) identified in the Reference 3 letter. This enclosure provides the 
remainder of the nominal 60 day responses that were not previously submitted , with the 
exception of the responses whose due dates were extended to March 15, 2014 as 
documented in an electronic mail from the NRC to TVA, dated January 9, 2014. These 
nominal 60 day responses are due by January 14, 2014. In addition , Attachment 1 to 
Enclosure 1 includes markups of the LAR pages that are affected by the TVA response to 
FPE RAl-08. These LAR changes cannot be easily described in the response; therefore 
markup pages are provided . Furthermore, Attachment 1 to Enclosure 1 contains 
security-related information and should be withheld from public disclosure under 
1 O CFR 2.390. Enclosure 2 provides a listing of all RAls listed in the Reference 3 letter and 
the actual date of the TVA response to each of the RAls. 

Consistent with the standards set forth in Title 10 of the Code of Federal regulations 
(10 CFR), Part 50.92(c) , TVA has determined that the additional information, as provided in 
this letter, does not affect the no significant hazards consideration associated with the 
proposed application previously provided in Reference 1. 

There are no regulatory commitments contained in this submittal. Please address any 
questions regarding this submittal to Mr. Edward D. Schrull at (423) 751-3850. 

I declare under penalty of perjury that the foregoing is true and correct. Executed on this 
14th day of January 2014. 

ice President, Nuclear Licensing 

Enclosures: 
1. TVA Responses to NRC Request for Additional Information: Set 3 (60-day) 
2. Summary of BFN NFPA 805 RAI Response Dates 

cc: See Page 2 
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cc(Enclosures): 

NRC Regional Administrator – Region II 
NRC Senior Resident Inspector – Browns Ferry Nuclear Plant 
State Health Officer, Alabama State Department of Health 

  



 

 

ENCLOSURE 1 

 

Tennessee Valley Authority 

Browns Ferry Nuclear Plant, Units 1, 2, and 3 

TVA Responses to NRC Request for Additional Information (RAI): Set 3 (60-day) 
 

FPE RAI 08 
 
The residual heat removal (RHR) pump/heat exchanger rooms lack automatic suppression 
systems and it was noted that water curtain and draft stop were previously installed in these 
rooms to separate them from the rest of the fire area.  The NRC granted an Appendix R 
exemption for the lack of suppression and on the LAR, this exemption is requested to be carried 
forward.  Although this "water curtain" is addressed in LAR, Table C-2, the "draft stop" is not 
listed.  It appears that the "draft stop" was part of the original exemption and should be carried 
over as a fire protection feature.  Provide justification for this apparent discrepancy.  Identify any 
other locations where "draft stops" are credited. 
 
RESPONSE: 
 
TVA considered the draft stop to be part of the water curtain and therefore, did not include the 
draft stop as a separate item.  By design, the water curtain will not work properly without the 
draft stop.  The draft stops around openings help bank heat near the ceiling from a postulated 
fire and thereby allow the closely spaced automatic sprinklers to operate quickly forming a water 
curtain around the openings.  To be consistent, License Amendment Request (LAR) Tables C-1 
and C-2 will be updated to reflect draft stops as well as water curtains.  The markup of the 
appropriate LAR Tables C-1 and C-2 pages are included in Attachment 1 of this enclosure. 
 
The credited water curtains and draft stops associated with the RHR exemptions are located in 
Fire Areas (FAs) 01-01, 01-02, 01-04, 02-01, 02-02, 02-04, 03-01, 03-02, 03-03.  There are no 
other locations where water curtains and draft stops are credited to meet NFPA 805 
requirements. 
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FPE RAI 09 
 
The NRC staff noted that special administrative controls will be in place to limit transient fires to 
69 kilowatts (kW) in Fire Compartments 5, 9, 16A, 16K, 16M, and 16O.  The fire hazards 
analysis describes combustibles in Fire Area 16 to be cable insulation, foam plastics, oil, lube 
oil, wood, paper, cloth, polyester and neoprene, charcoal, rubber, cellulose, styrofoam, and 
plywood.  The assumption in LAR Attachment V, Section V.2.3, for 69 kW fires states that all fire 
compartments that were credited for a reduced heat release rate (HRR) will be subject to strict 
combustible controls (fire compartments designated as "No Combustible Storage") and paper, 
cardboard, scrap wood, rags and other trash shall not be allowed to accumulate in the area.  
Provide a more detailed description of the control of combustibles.  For Fire Compartment 16A 
(Main Control Room (MCR) for U1 and U2), provide details with regard to restricting the 
accumulation of paper, books, binders, trash, etc.  Describe any special administrative controls 
that are expected to control transient fires to 69 kW, as opposed to the HRR (i.e., 317kW) in 
Table G-1 of NUREG/CR-6850 and Electric Power Research Institute (EPRI) 1011989, 
"EPRI/NRC-RES Fire PRA Methodology for Nuclear Power Facilities." 
 
RESPONSE: 
 
LAR, Attachment S, Table S-3, Implementation Item 45 states that the administrative control 
procedure for transient combustibles will be revised to strengthen risk and defense in depth 
concepts (e.g., no storage and no hot work in designated areas).  For fire compartments that 
were analyzed at the HRR of 69 kiloWatts (kW), strict transient combustible controls (i.e., 
designated as "Transient Combustible Free") will be put in place to restrict storage or staging of 
transient combustibles in these fire compartments.  Combustible control procedures, training 
and other administrative measures (e.g., visual aids) will be put in place to ensure these 
controls are maintained. 
 
Fire compartment 16A contains the Main Control Rooms (MCRs) and the Cable Spreading 
Rooms.  The special administrative combustible controls apply to the Cable Spreading Rooms 
portion of fire compartment 16A.  However, LAR Attachment V, Section V.2.3, incorrectly 
indicates that all of fire compartment 16A will have the special administrative controls.  BFN 
Units 1, 2, and 3 Detailed Fire Modeling Report analyzed the Cable Spreading Rooms at the 
reduced HRR of 69 kW; the MCRs were analyzed utilizing an HRR of 317 kW.  Therefore, the 
Cable Spreading Rooms will have the special combustible controls as indicated above but the 
MCRs will not be subjected to the stricter requirements.  
 
LAR Attachment V, Section V.2.3, is revised in two areas. 
 
• Page V-4, last paragraph (which rolls over to Page V-5) is revised to state the following:  

"The BFN Fire Probabilistic Risk Assessment (PRA) makes use of reduced HRRs in limited 
areas that are administratively controlled (See Implementation Item 45 in Table S-3 of 
Attachment S) to reduce the likelihood of large transient fires.  Only six fire compartments 
modeled in the BFN Fire PRA have credited the transient controls to reduce the transient 
HRR to 60 kW (05, 09, 16-a (cable spreading rooms only), 16-K, 16-M, and 16-O)." 

• Page V-5, second paragraph is revised to state the following: "In the BFN Fire PRA, a 69 
kW transient heat release rate was justified for certain fire compartments (05, 09, 16-A 
(cable spreading rooms only), 16-K, 16-M, and 16-O) based on several factors:"  For both 
changes, the phrase "(cable spreading rooms only)" has been added after Fire Area 16-A to 
clarify that only the cable spreading rooms are applicable. 
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SSA RAI 02 
 
LAR Section 4.2.1.1 currently states that an open secondary circuit on a current transformer 
creates the need to perform an FRE for a secondary fire.  The NRC staff noted that TVA 
calculations reviewed during the audit, indicate that open circuit secondary fires are possible.  
VFDRs for open secondary circuits on current transformers are identified in LAR Attachment C, 
Table C-1.  For a fire in the control room (Fire Area 16), VFDR 16-0243 indicates a potential 
open circuit secondary fire at "locations outside the control room," but resolves the VFDR by risk 
evaluation and no further action required.  Provide more details regarding the following:  
 

a) Explain the methodology used for CR abandonment, loss of control with alternate 
shutdown, or if operators remain in the CR to determine the risk contribution to the CR 
fire, and the justification for no further action required.  Describe the safety margin and 
DID elements that Table B-3 indicates were satisfied.  

b) Describe how the secondary fire was considered in this analysis. 
c) Provide a list of locations for these secondary fires. 
d) Provide a list of RAs for a fire in the CR required at any of the locations or panels 

susceptible to secondary fires.   
e) Describe what components, if any, may be involved in the secondary fire, and are also 

required for an RA.  Describe how this was accounted for in the risk analysis and the 
feasibility for RAs. 
 

RESPONSE: 
 
Part a. 
 
The analysis for secondary fires has been incorporated in the Fire PRA.  The methodology 
utilized in the Fire PRA is the same irrespective of the fire scenario being MCR abandonment, 
loss of control with alternate shutdown, or if operators remain in the MCR.  Targets affected by 
the secondary fire were added to the primary fire target set so that the primary fire includes both 
the targets in the room of fire origin, and the secondary fire targets. 

 
The targets in the zone of influence of the secondary fires were included in the target set for the 
primary fire scenario/ignition source that could generate a secondary fire.  In the case of fire 
scenarios in the MCR, the risk contribution (i.e., Core Damage Frequency (CDF) and Large 
Early Release Frequency (LERF)) from secondary fires outside the control room due to fires 
starting in the control room was accounted for in the calculation of the Conditional Core Damage 
Probability (CCDP) and Conditional Large Early Release Probability (CLERP) because the 
targets from the secondary fires (i.e., electrical cabinet, conduits and trays) were mapped to 
cables/basic events and set to fail (i.e., TRUE) in the quantification process for the 
corresponding control room fires.  Recovery actions were also included in the logic model.  
Credit for operator actions was determined considering the effects associated with the 
secondary fires. 
 
The secondary fire locations are balance of plant non-safety related switchgear or generators 
located in the Turbine Building.  The justification for no further action required is based on the 
delta risk calculation for the FA 16 meeting the performance criteria for CDF, LERF, delta CDF 
(ΔCDF) and delta LERF (ΔLERF).   
 
Evaluations for Defense in Depth (DID) and Safety Margin (SM) were applied consistently to all 
the FAs within the scope of the NFPA 805 transition project.  In the specific case of FA 16, the 
DID evaluation considered combustible and hot work controls, the benefits of automatic 
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detection and suppression systems, and the credit for a number of recovery actions due to fires 
in the area.  The DID evaluation concluded that there was balance among the three DID 
echelons.  Specifically: 
 

• Preventing fires from starting.  Portions of FA 16 were designated as "no storage" and 
"special consideration hot work" to strengthen transient and hot work fire controls.   

• Rapidly detecting fires and controlling and extinguishing promptly those fires that do 
occur, thereby limiting damage.  The fire detection system was required for DID in 
FA 16.  Automatic suppression, portable extinguishers and hose stations were required 
for DID in FA 16.   

• Providing adequate level of fire protection for structures, systems and components 
important to safety, so that a fire that was not promptly extinguished did not prevent 
essential plant safety functions from being performed.  The DID recovery actions are 
listed in LAR Attachment G. 

 
The SM criteria required evaluation of the analytical techniques applied to ensure that there is 
margin to account for uncertainties.  The evaluation considered the Fire PRA and the fire 
modeling analyses in support of the Fire PRA.  The evaluation concluded that there was 
adequate margin in the analysis supporting FA 16 based on the methodologies followed for 
developing the analyses.   
 
Part b. 
 
NUREG/CR-7150, Volume 1 concluded that the likelihood of secondary fires from open circuit of 
higher ratio current transformers (CTs) (i.e., greater than 1200:5) to be very low, and 
recommended that additional testing be performed to confirm this judgment.  In the absence of 
additional industry guidance on the likelihood of fire-induced open circuits and postulated 
secondary fire characteristics, TVA used a conservative approach for postulated secondary fires 
from the open circuit of higher ratio CTs in the NFPA 805 analysis.  Consideration for secondary 
fires in the analysis consisted of the following steps: 
 

1. Identification of the electrical cabinets housing the CTs. 
2. Identification of the cables connecting to the CTs capable of generating the open circuit.   
3. Identification of fire scenarios that could damage the cables identified in Step 2.  These 

were the fires that could potentially generate a secondary fire at the electrical cabinet 
housing the CT (i.e., the cabinets identified in Step 1). 

4. Identification of the targets (i.e., cable tray or conduits) within the zone of influence of the 
cabinets identified in Step 1.  These were the targets that could be damaged by the 
secondary fires that are in addition to the electrical cabinet housing the CT.  These 
targets were identified by walkdowns and drawing reviews.  A zone of influence of 
10 feet horizontally from the panels was utilized.  Assuming a 1 MW fire, which is the 
largest heat release rate for cabinets listed in NUREG/CR-6850, Appendix G and using 
the point source flame radiation model, the thermoplastic damage criteria for heat flux is 
reached in approximately six feet.  Therefore, the use of 10 feet is conservative.  
Vertically, the zone of influence extends from the panel up to the ceiling of the room. 

5. The targets identified in Step 4 were added to the fire scenarios identified in Step 3.  
That is, the fire scenarios in Step 3 included an expanded target set to account for the 
effects of the secondary fires.   
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Part c. 
 
The locations of the CTs where secondary fires are postulated are listed in the table below. 
 

Current 
Transformer 

Ignition Source ID Description 
Fire 

Compartment Room 
0-BDAA-203-000A 4160V Common Board A 26-A 604-TB-1-West 

0-BDAA-203-000B 4160V Common Board B 26-A TB 604' 

0-BDAA-204-0001 4160V Unit Start Board 1 26-A 604-TB-1-West 

0-BDAA-204-0002 4160V Unit Start Board 2 26-A 604-TB-1-West 

1-BDAA-068-0001 4160V Recirculation Board 1 26-A TB 604' 

1-BDAA-202-0001A 4160V Unit Board 1A 26-A 604-TB-1-West 

1-BDAA-202-0001B 4106V Unit Board 1B 26-A 586-TB-1 

1-BDAA-202-0001C 4160V Unit Board 1C 26-A 604-TB-1-West 

2-BDAA-068-0002 4160V Recirculation Board 2 26-A TB 604' 

2-BDAA-202-0002A 4160V Unit Board 2A 26-A TB 604' 

2-BDAA-202-0002B 4160V Unit Board 2B 26-A TB 586' 

2-BDAA-202-0002C 4160V Unit Board 2C 26-A TB 604' 

3-BDAA-068-0003 4160V Recirculation Board 3 26-A 604.0-T-3 

3-BDAA-202-0003A 4160V Unit Board 3A 26-A 604.0-T-3 

3-BDAA-202-0003B 4160V Unit Board B3 26-A 586.0-T3 

3-BDAA-202-0003C 4160V Unit Board 3C 26-A 604.0-T-3 

Unit 1 Generator Unit 1 Generator 26-A TB 617’ 

Unit 2 Generator Unit 2 Generator 26-A TB 617’ 

Unit 3 Generator Unit 3 Generator 26-A TB 617’ 
 
Part d. 
 
There were no recovery actions taken at the panels susceptible to secondary fires. 
 
There were two recovery actions that took place in the Turbine Building (i.e., FA 26) that had the 
potential to be affected from a secondary fire for a fire originating in FA 16.  One FA 16 recovery 
action, performed in the Turbine Building, isolated control air to the reactor buildings to ensure 
that containment isolation valves fail closed.  The second FA 16 recovery action operated the 
new Emergency High Pressure Makeup (EHPM) pump locally in the Turbine Building. 
 
Part e. 
 
No components that would be involved in the secondary fire at the CT locations listed in Part c 
of this RAI response were required to support a recovery action. 
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The control air isolation is performed on Elevation (EL) 565 at the south end (near column m-
line) of the Turbine Building.  The locations for secondary fires were all located in the north end 
(column a-line to d-line) of the Turbine Building at EL 586 or above.  Because the valves are at 
a lower elevation and have significant spatial separation, any secondary fires from open CTs 
would not adversely affect the feasibility of performing the control air isolation action. 
 
The new EHPM pump is planned to be operated locally, when necessary, on EL 565 or below at 
the south end (near column g-line) of the Turbine Building at the pump’s location.  The locations 
for secondary fires were all located in the north end (column a-line to d-line) of the Turbine 
Building at EL 586 or above.  Secondary fires that could fail the EHPM pump normal power 
supply are included in the Fire PRA model and inherently accounted for the secondary fire 
failure of the recovery action to operate the EHPM pump from the normal power supply.  The 
EHPM pump alternate power supply and cabling will not be in the secondary fire zone of 
influence.  Because the pump is at a lower elevation and has significant spatial separation, any 
secondary fires from open CTs would not adversely affect the feasibility of performing the pump 
operation action when the pump is available to be powered from normal or alternate power. 
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SSA RAI 03 
 
LAR Attachment C, Table C-1, identifies approximately 18 fire areas where VFDRs identify the 
potential of ignition of "secondary fires at locations outside" the fire area being analyzed.  These 
are represented as "common enclosure" circuit issues.  Provide more details regarding the 
following: 
 

a) Explain the methodology used to determine the risk contribution to fire, and the 
justification for those with no further action required.  Describe the safety margin and 
DID that Table B-3 indicates were satisfied. 

b) Describe how the secondary fire was considered in the analysis.  
c) Provide a list of locations for these secondary fires for each VFDR. 
d) Provide a list of RAs for a fire in the CR required at any of the locations susceptible to 

secondary fires. 
e) Describe what components, if any, may be involved in the secondary fire, and are also 

required for an RA.  Describe how this was accounted for in the risk analysis and the 
feasibility for RAs. 

 
RESPONSE: 
 
Electrically-induced secondary fires can potentially result from the failure of a circuit breaker to 
isolate an electrical fault caused by the initial fire.  Larger circuit breakers require control power 
to operate, and fire events can cause breaker control power to be lost.  Within a fire event time 
sequence, such a loss of control power may be early (e.g., the initial fire damages the cable 
providing control power to an electrical board) or late (e.g., the fire fails a battery charger or its 
power supply such that the available control power voltage degrades over time as the 
associated battery depletes).  The details regarding potential secondary fires resulting from the 
special case of CT open circuits are discussed separately in the TVA response to Safe 
Shutdown Analysis (SSA) RAI 02 in this enclosure. 
 
The BFN NFPA 805 transition strategy to address potential secondary fires is two-fold. 
 

1) Any Variance from Deterministic Requirement (VFDR) related to early control power loss 
concurrent with the potential for an associated power cable fire-induced fault is being 
deterministically resolved by a plant modification such that the secondary fire initiation 
vulnerability is removed. 

 
2) Regarding the late loss of control power situations, the VFDR risk was evaluated by the 

Fire PRA.  The Fire PRA determined the risk was insignificant from potential secondary 
fires resulting from breaker control power loss due to battery depletion.  This 
determination was based on the following failure probabilities and timing sequence 
relationship factors: 

 
• battery time-to-depletion analyses 
• low probability of failure to restore a battery charger within the available battery 

depletion timeframes 
• low probability of fire non-suppression within battery depletion time 
• low probability of fires that fail battery chargers while also failing a target power cable 

of concern.   
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Considering the factors cited in the four bullet points above for late control power loss 
situations, the initiation of a secondary fire would require the following events and human 
failure actions: 
 
a)  Loss of the control power battery charger soon after the onset of the fire.  A delay in 

the charger loss would add to the length of time the board retained control power.  
Delayed charger loss would allow greater time for breaker control power to function 
while the fire is being suppressed. 

b)  Inability of BFN fire operations personnel to suppress the fire to prevent further 
damage within the battery depletion time once the charger was lost. 

c)  Failure by BFN staff to transfer the board to an alternate control power supply or 
restore the associated charger to service prior to battery depletion. 

d)  Development of fire damage such that an associated power cable faults only after 
battery depletion. 

e) Energizing the associated power cable (i.e., its breaker closed) when it is damaged. 
 
The occurrence of the preceding set of events was judged to be so improbable as to be 
incredible, that plant risk was insignificant, and such potential secondary fires did not 
warrant further modeling in the Fire PRA.  Because the occurrence of an electrically-
induced secondary fire for late control power loss is considered incredible, no secondary 
fire locations exist, no components are involved in a secondary fire, and no recovery 
actions are impeded or affected by a secondary fire. 
 

Evaluations for DID and SM were performed consistently for all of the FAs within the scope of 
the NFPA 805 transition project.  The qualitative DID evaluation for the potential secondary fire 
initiation issues verified that appropriate balance existed between the three DID elements of: 
1) fire prevention, 2) rapid fire detection, control, and extinguishment, and 3) providing adequate 
protection for plant essential safety systems against fire effects.  DID recovery actions were 
established where necessary to improve this balance. 
 
Regarding the potential for secondary fire initiation, the BFN NFPA 805 philosophy for 
establishing DID recovery actions for VFDRs related to late control power loss secondary fires 
was: 
 

• For VFDRs involving safety related electrical boards which might incur a late control 
power loss, DID recovery actions to restore battery chargers or transfer to an alternate 
control power source were established. 

• For VFDRs involving loss of non-safety related battery chargers, DID balance did not 
require the establishment of formal recovery actions for such low probability events. 

 
While preparing the response to this RAI, TVA identified two instances where safety related 
board VFDRs involving a late loss of control power (i.e., VFDR 02-03-0026 and VFDR 16-0228) 
did not have an associated DID action, contrary to the BFN NFPA 805 DID philosophy stated 
above.  These two instances were entered into the site corrective action program for resolution.  
The revision to the LAR, reflecting the Fire Risk Evaluation update, will be provided to the NRC 
after the Fire Risk Evaluation is updated in response to the remaining NRC RAIs. 
 
SM criteria require the evaluation of the analytical techniques applied to ensure that adequate 
margin exists to account for uncertainties.  Regarding the potential secondary fire initiation 
issues, the SM evaluation considered the battery capacity analyses, the Fire PRA, and the fire 
modeling analyses which support the Fire PRA.  The evaluation concluded adequate margin 
exists in these analyses and their methodologies. 
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In summary, the loss-of-control power condition which results in a breaker’s inability to open 
under a fault condition was addressed in the BFN NFPA 805 transition by: 
 

1) Ensuring that no early loss of direct current (DC) control power will occur for breakers 
protecting power cables that could be faulted in the same FA.  Plant modifications were 
identified as appropriate to address the related VFDRs. 

 
and by 

 
2) The Fire PRA judging the risk to be insignificant from fire-induced faults which could 

occur only after battery depletion. 
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SSA RAI 06 
 
LAR Attachment S, Table S-2, Items 35 and 35a identify the proposed installation of a new 
emergency high pressure makeup pump for each unit.  Provide a more detailed description of 
the proposed modification.  Include in the description, equipment and systems that will be 
necessary to support the operation of this pump (electrical power, water supply, control valves, 
fuel oil supply, etc.).  Describe the proposed operation of the pump including local and remote 
operations, and how is it intended to function during safe shutdown and/or alternate shutdown.  
Describe the performance goals it would support.  With regard to the current transformer 
analysis for secondary fires, include in this description the potential impact of secondary fires for 
the new pump power supplies.    
 
RESPONSE: 
 
LAR Attachment S, Table S-2 Modification 35 proposes modifications to install a new EHPM 
pump for each unit capable of injecting water into the reactor vessel at high pressure. LAR 
Attachment S, Table S-2, Modification 35a proposes modifications that would provide the 
capability of supplying power to the EHPM pumps from new diesel generators (DGs) that are 
being installed as part of BFN Flexible and Diverse Coping Mitigation Strategies (FLEX) 
Integrated Plan submitted to the NRC by letter dated February 28, 2013 (ADAMS Accession 
Number ML13064A465).  Although the designs for these modifications are not finalized, the 
following discussions provide the current modification approach. 
 
General Design 
 
Each unit will have a motor driven EHPM pump and associated valves and controls located in 
the Turbine Building.  The EHPM system will normally be powered from offsite power sources, 
with alternate power available from new, non-safety related DGs.  The EHPM pump will take 
suction from the Condensate Storage Tank (CST) for the respective unit and discharge to the 
reactor pressure vessel (RPV) via the feedwater lines.  The system will be designed to control 
RPV inventory over a wide range of pressure from safety relief valve (SRV) setpoint 
(i.e., ~1150 psig) to zero pressure.  The system will be capable of operation from a local control 
station in the turbine building.  The option to control the system from the MCR is also under 
consideration. 
 
Mechanical Design 
 
Each EHPM pump will take suction from the respective units’ CST and have access to the entire 
volume of the tank (i.e., below the standpipe), similar to the suction path for the High Pressure 
Coolant Injection (HPCI) and Reactor Core Isolation Cooling (RCIC) pumps.  The pumps and 
piping will be located below the elevation of the CST such that piping is maintained filled by 
elevation head. 
 
Each EHPM pump will discharge into the reactor feedwater lines downstream of the feedwater 
pumps, high pressure heaters and upstream of the feedwater check valves.  Piping and valves 
will be provided to allow full flow return to the CST.  Flow control valves will be provided to 
regulate flow to the RPV over a full range of flow and reactor pressure. 
 
TVA anticipates that the bounding scenario for the hydraulic design of the EHPM pump will be 
to prevent core damage in the event of loss of all other makeup, up to one SRV spuriously 
opening and initiation of injection at 20 minutes after a reactor scram. 
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Electrical Design 
 
The EHPM system will be provided with four kilovolts (kV) of power from the respective units’ 
4kV Unit Board C, which in turn is supplied offsite power from the respective Unit Station 
Service Transformer (USST) or from the Common Station Service Transformer (CSST). Normal 
and alternate 4 kV power will be supplied to switchgear located near the pump, which will be 
used to distribute alternating current (AC) power to the system at required voltage levels. 
 
DC control power will be supplied by batteries and battery chargers dedicated to each EHPM 
system. 
 
Alternate 4 KV power will be supplied to the EHPM switchgear from new DGs being installed as 
part of the BFN FLEX Integrated Plan.  Each EHPM pump will have a separate DG capable of 
supplying power required for operation of the system.  
 
Instrumentation and Control 
 
The EHPM system will be designed with sufficient instrumentation and controls to start and stop 
the pump, monitor and control flow and discharge pressure, and to transfer power supplies.  
Operation of the system will be manual.  
 
Support Systems 
 
The EHPM system will be designed to minimize the need for external support systems.  The 
only support currently planned from outside the new EHPM system is 4kV AC power from the 
AC power distribution system or the alternate supply DGs and water from the condensate 
storage system.  Other typical support such as DC control power, pump and motor cooling, 
lighting, and heating, ventilation and air conditioning (HVAC) will be dedicated to the system. 
 
Proposed Safe Shutdown Operation 
 
The EHPM pump is credited in the Fire PRA to inject water from the CST to the RPV within 
20 minutes of the most limiting event to provide core cooling.  This timing is related to operation 
of the pump from local controls in the turbine building. The system is also credited for longer 
term operation (i.e., four hours) to maintain RPV inventory and to remove decay heat when 
used in conjunction with the hardened wetwell vent.  As discussed in the TVA response to SSA 
RAI 02 Part e in this enclosure, possible secondary CT fires which could fail the EHPM pump 
power supply are accounted for in the Fire PRA and the alternate power supply would not be 
affected. 
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RAI SSA 09 
 
For breaker fuse coordination, describe whether cable length was credited as additional 
impedance in the study necessary to meet maximum available fault current to demonstrate 
coordination with upstream power supply breakers.  If this was used, describe how this length 
was factored into the potential impact to the FPRA.  For establishing targets in the zone of 
influence (ZOI) describe how cable lengths were considered and provide any justifications 
required for the FPRA. 
 
RESPONSE: 
 
In general, cable length is not credited to demonstrate adequate protective device coordination.  
The plant has historically addressed coordination and protection concerns through device 
setting changes or breaker/fuse replacement.  However, as documented in the BFN calculation 
entitled, "NFPA 805: Associated Circuit Analysis - Common Power Supply/Common Enclosure," 
cable impedance is considered in two specific cases to reduce maximum available fault current 
by a small amount in order to ensure no overlap in protective device trip characteristics.  These 
two cases are described below as Case Number 1 and Case Number 2. 
 
Case Number 1 – 250 Volts DC (VDC) Battery Boards 4, 5, and 6 
 
Figure SSA-09.1 provides a simplified one-line diagram of 250 VDC Battery Boards 4, 5, and 6 
and the power supplies to the boards.  For these three boards, the load-side breakers and fuses 
must coordinate with the battery main breaker (i.e., 110) and fuse (i.e., 111).  In a limited 
number of cases, the applicable coordination calculation credited probability-based arguments 
for justifying minor mis-coordination between Models THJK and AK-2-25 load-side breakers that 
did not coordinate with the battery fuse (i.e., Fuse 111) near the maximum theoretical available 
fault current. 
 
The applicable coordination calculation did not explicitly credit cable length to reduce fault 
current but it did include in the qualitative argument for acceptability, consideration of the lower 
available fault current at locations more likely to experience a bolted fault at maximum fault 
current.  The qualitative argument for adequacy was considered acceptable, even without any 
explicit consideration of load-side cable length external to the board because of the following: 
 

• For the non-vital 250 VDC system, cabling inside Battery Boards 4, 5, and 6 along with 
other system termination and contact resistance will likely reduce available fault current 
to levels that achieve full coordination. 

• Both the fuse and the breaker would need to be operating at the extreme limits of their 
time-current characteristics for a lack of coordination to exist. 

• DC system fault current calculations inherently include significant conservatism with 
respect to predicting maximum available fault current.  This conservatism starts with 
assumed battery performance and continues throughout the sequential steps of 
modeling the remaining DC system configuration and attributes. 
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Figure SSA-09.1 

250 VDC Battery Boards 4, 5, and 6 
 
Case Number 2 – 120 Volts AC (VAC) Reactor Protection System (RPS) "A" and "B" (Units 1, 2, 
and 3) 
 
Figure SSA-09.2 provides a simplified one-line diagram of 110 VAC RPS A and B, Battery 
Board 1-Panel 9.  For this board, load-side breakers for RPS "Bus A" and "Bus B" must 
coordinate with their respective Motor Generator (MG) Set 175 Ampere (A) output breaker to 
support the Nuclear Safety Capability Assessment (NSCA) and Fire PRA circuit selection.  The 
limiting coordination case is the 100 A load-side breakers on each RPS bus (i.e., Breakers 903 
and 953) and the respective unit MG Set 175 A output breaker.  Note that the RPS bus main 
breakers (i.e., Breakers 902 and 952) are non-automatic breakers and have no trip elements; 
the breakers are essentially manual switches and play no role in coordination.  
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Figure SSA-09.2 
110 VAC RPS A and RPS B, Battery Board 1-Panel 9 (Unit 1) 

(Similar for Units 2 and 3) 
 
The applicable BFN coordination calculation identified that slight mis-coordination exists 
between the 100 A load-side breakers and the 175 A MG Set output breakers near the 
maximum theoretical available fault current from the MG sets.  The lower tolerance limit of the 
175 A MG Set output breaker instantaneous trip is approximately 1592 A, which is eight A below 
the maximum fault current of 1600 A from the MG Sets, thus resulting in potential miss-
coordination between 1592 A and 1600 A.  For simplification purposes, the existing coordination 
calculation conservatively assumes the available short circuit current at the RPS buses is 
equivalent to the maximum available fault current at the MG set terminals (1600 A) and thus no 
system impedance is taken into consideration in determining the maximum available fault 
current at the RPS buses.  A simple benchmark of the available fault current at the RPS buses 
indicates that maximum available fault current at the RPS buses will be considerably below that 
required to ensure coordination when the 4/0 American Wire Gauge (AWG) cable between the 
175 A MG Set output breaker and the RPS panels is taken into consideration.  Maximum 
available fault current falls below 1592 A after approximately five feet beyond the MG Set output 
breakers and the cable distance to the RPS buses is significantly greater than five feet. 
 
It is important to note that crediting the impedance of the 4/0 AWG cable between the MG Set 
output breaker and the respective RPS bus does not constitute "crediting cable length" within 
the context of this RAI response.  Crediting cable length to reduce available fault current is of 
potential concern when the cable being credited is on the load-side of the downstream breaker.  
In this case no credit is taken for cable on the load-side of the 100 A load-side breakers.  
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Crediting the impedance of the 4/0 AWG cable between the breakers only serves to provide a 
more precise maximum fault current from which to assess actual coordination. 
 
Conclusions 
 
Within the context of this RAI response, cable length has not been credited in the NSCA or Fire 
PRA coordination calculations to reduce available fault current to levels that demonstrate full 
coordination between upstream and downstream overcurrent protective devices.  On this basis, 
the established fire scenario zones of influence (ZOIs) used in the Fire PRA are independent of 
electrical coordination considerations, including cable length for load-side overcurrent protective 
devices. 
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SSA RAI 10 
 
NEI 00-01, "Guidance for Post Fire Safe Shutdown Circuit Analysis," Revision 1, and NFPA 805 
identify circuit failure types (hot short, open circuit, short-to-ground) that need to be considered 
in the circuit analysis.  LAR Attachment B, Table B-2 identifies alignment with the guidance of 
NEI 00-01, Revision 1.  The NRC staff noted that certain circuit configurations credit special 
"shorting switches" as protection against hot shorts.  For those components required to meet 
the nuclear safety performance goals of NFPA 805, provide a list of components that will rely on 
this protection scheme.  Include the equipment type (MOV, SOV (solenoid operated valve), air 
operated valve, etc.), type of control circuit (grounded or ungrounded, control power transformer 
(CPT) or non-CPT), fire locations where credit was taken, and any justification for relying on the 
circuit not failing open in a fire.  Identify where any of these circuits are being modified using this 
configuration and indicate which of these are listed in LAR Attachment S. 
 
RESPONSE: 
 
Credit is taken for shorting switches in the NSCA and PRA analyses to prevent or reduce the 
probability of spurious operation due to hot shorts.  This response will focus on credit taken for 
shorting switches in the NSCA.  Credit for shorting switches in the PRA will be discussed in the 
TVA response to PRA RAI 15 (response to be provided in a future TVA letter).  Credit is taken in 
one of three ways depending on the configuration and the location of the fire as follows. 
 
CASE 1 
 
The control circuits were affected by fire but the shorting switch, the shorting conductors, and 
the end device (i.e., the actuating coil) were free of fire damage.  It was assumed that the 
spurious operation did not occur.  Case 1 was considered deterministically compliant in the 
NSCA. 
 
CASE 2 
 
The control circuits and the cables containing the shorting conductors were exposed to fire 
damage.  The shorting circuit was assumed to fail in the NSCA.  These instances are 
documented as VFDRs for further disposition in the Fire Risk Evaluation. 
 
CASE 3 
 
The shorting switch and associated panel wiring were exposed to fire damage.  The shorting 
circuit was assumed to fail in the NSCA.  These instances are documented as VFDRs for further 
disposition in the Fire Risk Evaluation.  All of the shorting switches are located in the MCR 
panels in FA 16A.  
 
The equipment that use a shorting switch that is credited either in the NSCA or the PRA to 
prevent spurious operation are listed in the table below.  The table also includes the information 
concerning the equipment that is requested in the RAI (e.g., equipment type, type of control 
circuit).
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Equipment Description Equip 
Type 

Type of 
Control 
Circuit 

NSCA 
Resolution 

Fire 
Location 
(FA) 

Shorting 
Conductor 
Location 
(FA) 

Device 
Location 

(FA) 

Modification 
Status 

Justification 
Case 

1-FCV-074-
0052-XC 

Div 1 LPCI Injection 
Valve Spurious 
CLOSE 

MOV Ungrounded 
CPT 

Compliant 

 

Cables affected 
by FA 01-02 
scenario 
bordering 
FA 01-01 

01-02 01-05, 
5, 
16A 

5 Existing 
Design 

Case 1 

1-FCV-074-
0066-XC 

Div 2 LPCI Injection 
Valve Spurious 
CLOSE 

MOV Ungrounded 
CPT 

Compliant 01-01 01-03, 
01-04, 
01-05, 
4, 
16A 

4 Existing 
Design 

Case 1 

1-FCV-074-
0066-XC 

Div 2 LPCI Injection 
Valve Spurious 
CLOSE 

MOV Ungrounded 
CPT 

VFDR- 01-05-
0013 

01-05 01-03, 
01-04, 
01-05, 
4, 
16A 

4 Existing 
Design 

Case 2 

2-FCV-074-
0052-XC 

Div 1 LPCI Injection 
Valve Spurious 
CLOSE 

MOV Ungrounded 
CPT 

Compliant 02-02 02-03, 
02-04, 
9, 
16A 

9 Existing 
Design 

Case 1 

2-FCV-074-
0066-XC 

Div 2 LPCI Injection 
Valve Spurious 
CLOSE 

MOV Ungrounded 
CPT 

Compliant 02-01 8, 
16A, 
16E, 
16N 

8 Existing 
Design 

Case 1 

2-FCV-074-
0066-XC 

Div 2 LPCI Injection 
Valve Spurious 
CLOSE 

MOV Ungrounded 
CPT 

Compliant 02-03, 
02-04 

8, 
16A, 
16E, 
16N 

8 Existing 
Design 

Case 1 

3-FCV-074-
0066-XC 

Div 2 LPCI Injection 
Valve Spurious 
CLOSE 

MOV Ungrounded 
CPT 

Not Credited 

 

(Credited in PRA 
only) 

03-01 03-02, 
12, 
16A, 
16P 

12 Existing 
Design 

Case 1 
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1-FCV-074-
0066-XC 

Div 2 LPCI Injection 
Valve spurious 
CLOSE 

MOV Ungrounded 
CPT 

VFDR-16-0104 
 
 

16A 01-03, 
01-04, 
01-05, 
4, 
16A 

4 Existing 
Design 

Case 3 

2-FCV-074-
0052-XC 

Div 1 LPCI Injection 
Valve Spurious 
CLOSE 

MOV Ungrounded 
CPT 

VFDR-16-0116 
 
 

16A 02-03, 
02-04, 
9, 
16A 

9 Existing 
Design 

Case 3 

1-PCV-069-
0015-XO 

RWCU System Auto 
Bypass Valve 
Spurious OPEN 

AOV 4-20 
milliAmpere 
(mA) current 
loop 

VFDR-16-0163 

 

(See Note 1) 

16A 16A 01-03 LAR Table 
S-2 Mod. 90 

Case 3 

2-PCV-069-
0015-XO 

RWCU System Auto 
Bypass Valve 
Spurious OPEN 

AOV 4-20 mA 
current loop 

VFDR-16-0167 

 

(See Note 1) 

16A 16A 02-03 LAR Table 
S-2 Mod. 90 

Case 3 

3-PCV-069-
0015-XO 

RWCU System Auto 
Bypass Valve 
Spurious OPEN 

AOV 4-20 mA 
current loop 

VFDR-16-0171 

 

(See Note 1) 

16A 16A 03-03 LAR Table 
S-2 Mod. 90 

Case 3 

 

Note 1:  Valves 1, 2, and 3-PCV-069-0015 are only credited in the PRA (i.e., they are not credited in the NSCA).  Containment isolation 
valves 1, 2, and 3-FCV-069-0001, which accomplish the same function, are credited in the NSCA and are referenced in the listed VFDRs. 
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SSA RAI 13 
 
The LAR states that DID and safety margin guidance from NEI 04-02, "Guidance for 
Implementing a Risk-Informed, Performance-Based Fire Protection Program Under [Title 10 
of Code of Federal Regulations] 10 CFR 50.48(c)," and Regulatory Guide (RG) 1.205, "Risk-
Informed, Performance-Based Fire Protection for Existing Light-Water Nuclear Power 
Plants," are used in the risk evaluations when resolving VFDRs.  LAR Attachment C, 
Table C-1 identifies FPP systems and features by fire area credited for DID.  DID and safety 
margin are stated as being evaluated as part of the area-by-area FRE.  However, the 
specific criteria used to determine adequate DID and safety margin is not provided in the 
LAR.  Provide additional discussion of the methods and criteria for evaluating DID and 
safety margins and summarize the results as required by NFPA 805, Section 4.2.4.2. 
 
RESPONSE: 
 
DID was qualitatively evaluated for each FA in the Fire Risk Evaluation.  The methods and 
criteria contained in the calculation are provided below. 
 
DID 
 
General 
 
A review of the effect of the change on DID was performed using the guidance below from 
NEI 04-02.  NFPA 805 defines DID as: 
 

• Preventing fires from starting 
• Rapidly detecting fires and controlling and extinguishing promptly those fires that do 

occur, thereby limiting damage  
• Providing adequate level of fire protection for structures, systems and components 

important to safety; so that a fire that is not promptly extinguished will not prevent 
essential plant safety functions from being performed 
 

In general, the DID requirement was considered satisfied if the proposed change did not 
result in a substantial imbalance among these elements or echelons.  The review of DID 
was qualitative and addressed each of the elements with respect to the proposed change.  
Fire protection features and systems relied upon to ensure DID were identified in the 
assessment (e.g., detection, suppression system). 
 
Consistency with the DID philosophy is maintained if the following acceptance guidelines, or 
their equivalent, are met: 
 

• A reasonable balance is preserved among 10 CFR 50.48(c) DID elements 
• Over-reliance and increased length of time or risk on performing programmatic 

activities to compensate for weaknesses in plant design is avoided 
• Pre-fire nuclear safety system redundancy, independence, and diversity are 

preserved commensurate with the expected frequency and consequences of 
challenges to the system and uncertainties (e.g., no risk outliers). (This should not be 
construed to mean that more than one NSCA train must be maintained free of fire 
damage) 

• Independence of DID elements is not degraded 
• Defenses against human errors are preserved 
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• The intent of the General Design Criteria in Appendix A to 10 CFR Part 50 is 
maintained 
 

DID Process 
 
Each FA was evaluated for the adequacy of DID.  In accordance with NFPA 805, 
Section 2.4.4, Plant Change Evaluation, "the evaluation process shall consist of an 
integrated assessment of the acceptability of risk, DID, and safety margins."  NFPA 805 
Section 4.2.4.2 refers to the acceptance criteria in Section 2.4.4.  Therefore, fire protection 
systems and features required to demonstrate an adequate balance of DID are required by 
NFPA 805 Chapter 4. 
 
The VFDRs and the associated FA risk (i.e., CDF/LERF) and scenario consequences (i.e., 
CCDP/CLERP values) were evaluated to identify general DID echelon imbalances.  
Potential methods to balance the DID features were identified ensuring an adequate 
balance of DID features was maintained for the FA.  To aid in the consistency of the review 
of DID, the following guidance was provided in Table 5-2 of the FRE calculation: 
 

Table 5-2 - Considerations for Defense-in-Depth Determination 
Method of Providing DID Considerations 

Echelon 1:  Prevent fires from starting 

• Combustible Control 
• Hot Work Control 

Combustible and hot work controls are fundamental elements of DID 
and as such are always in place.  The issue to be considered during 
the FREs is whether this element needs to be strengthened to offset 
a weakness in another echelon thereby providing a reasonable 
balance.  Considerations include: 
 
• Creating a new Transient Free Area 
• Creating a new Hot Work Restriction Area 
• Modifying an existing Transient Free Area or Hot Work 

Restriction Area 
 

The fire scenarios involved in the FRE quantitative calculation should 
be reviewed to determine if additional controls should be added. 
Review the remaining elements of DID to ensure an over-reliance is 
not placed on programmatic activities to compensate for weaknesses 
on plant design. 
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Table 5-2 - Considerations for Defense-in-Depth Determination 
Method of Providing DID Considerations 

Echelon 2:  Rapidly detect, control and extinguish promptly those fires that do occur thereby limiting fire 
damage 

• Detection system 
• Automatic fire suppression 
• Portable fire extinguishers provided 

for the area 
• Hose stations and hydrants provided 

for the area 
• Fire Pre-Fire Plan 

Fire protection systems and features associated with echelon 2 may 
or may not exist in the fire area of concern.  The issues to be 
considered during the FRE are whether a new fire protection system 
or feature needs to be installed and/or whether an existing fire 
protection system or feature needs to be strengthened to offset a 
weakness in another echelon thereby providing a reasonable 
balance.  Considerations include: 
 
Risk Insights 
 
• If the VFDR is never affected in a "potentially risk significant" fire 

scenario, manual suppression capability may be adequate and 
no additional fire protection systems and features would be 
required. 

• If the potentially risk significant fire scenarios are of the type that 
would benefit from automatic suppression/detection, then 
consideration should be given to including the system for DID. 
 

Recovery Actions: 
 
• If the fire area requires recovery actions, then as a minimum, 

detection and manual suppression capability should be 
considered, and fixed suppression should be considered. 

• If a fire area contains neither suppression nor detection and a 
recovery action is required, consider adding detection or 
suppression 
 

Fire Fighting Activities: 
 
• If fire fighting activities in the fire area are expected to be 

challenging (either due to the nature of the fire scenario or 
accessibility to the fire location) then both detection and 
suppression should be considered. 
 

Fire Scenarios: 
 
• The fire scenarios involved in the FRE quantitative calculation 

should be reviewed to determine the types of fires and reliance 
on suppression should be evaluated in the area to best 
determine options for this element of DID. 
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Table 5-2 - Considerations for Defense-in-Depth Determination 
Method of Providing DID Considerations 

Echelon 3:  Provide adequate level of fire protection for systems and structures so that a fire will not 
prevent essential safety functions from being performed 

• Walls, floors ceilings and structural 
elements are rated or have been 
evaluated as adequate for the hazard. 

• Penetrations in the fire area barrier 
are rated or have been evaluated as 
adequate for the hazard. 

• Supplemental barriers (e.g., ERFBS, 
cable tray covers, combustible liquid 
dikes/drains, etc.) 

• Fire rated cable 
• Reactor coolant pump oil collection 

system (as applicable) 
• Guidance provided to operations 

personnel detailing the required 
success path(s) including recovery 
actions to achieve nuclear safety 
performance criteria. 

If fires occur and they are not rapidly detected and promptly 
extinguished, the third echelon of DID would be relied upon. 
The issue to be considered during the FRE is whether existing 
separation is adequate (or over relied upon) and whether additional 
measures (e.g., supplemental barriers, fire rated cable, or recovery 
actions) are required to offset a weakness in another echelon thereby 
providing a reasonable balance. 
 
The fire scenarios involved in the FRE quantitative calculation should 
be reviewed to determine the fires evaluated and the consequence in 
the area to best determine options for this element of DID.  
Considerations include: 
 
Risk Insights: 
 
• If the VFDR is never affected in a "potentially risk significant" fire 

scenario, internal fire area separation may be adequate and no 
additional reliance on recovery actions is necessary. 

• If the VFDR is affected in the same "potentially risk significant" 
fire scenario, internal fire area separation may not be adequate 
and reliance on a recovery action may be necessary. 

• If the consequence associated with the VFDRs is high (e.g., 
CCDP>E-01 or by qualitative NSCA assessment) regardless of 
whether it is in the same potentially risk significant scenario, a 
recovery action, supplemental barriers, or other modification 
should be considered. 

• There are known modeling differences between a Fire PRA and 
nuclear safety capability assessment due to different success 
criteria, end states, etc.  Although a VFDR may be associated 
with a function that is not considered a significant contribution to 
core damage frequency, the VFDR may be considered important 
enough to the NSCA to retain as a recovery action.  For 
example, the NSCA for a BWR may always require high 
pressure injection (HPCI or RCIC), while the PRA models 
additional injection sources as options for makeup.  Recovery 
actions to restore high pressure injection could be suggested for 
DID, although the FRE calculation demonstrates a successful 
change in risk without relying on the high pressure systems. 
 

Operations Insights: 
 
• If the sequence to perform a recovery action is particularly 

challenging then including the action for defense-in-depth may 
be considered.  An example would be a recovery action that is 
unique in nature, time critical and/or not included in the 
emergency response procedures such that the MCR staff may 
not be able to quickly recognize and perform the required action. 

 
DID – Recovery Action Considerations 
 
Reliance on Recovery Actions in lieu of protection is considered part of the third echelon of 
DID.  Per NFPA 805, recovery actions are defined as:  "Activities to achieve the nuclear 
safety performance criteria that take place outside of the MCR or outside of the primary 
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control(s) station for the equipment being operated, including the replacement or 
modification of components." 
 
If the VFDR is characterized as a "Separation Issue," and the change in risk (i.e., ΔCDF and 
ΔLERF) is acceptable, a recovery action can be considered as a means to provide an 
adequate level of DID.  Guidance on the need to establish/rely upon a recovery action was 
provided in FRE calculation Table 5-2. 
 
SM Assessment 
 
A review of the effect of the change on SM was performed.  An acceptable set of guidelines 
for making that assessment are summarized below.  Other equivalent acceptance 
guidelines may also be used. 
 

• Codes and standards or their alternatives accepted for use by the NRC are met 
• Safety analysis acceptance criteria in the licensing basis (e.g., FSAR, supporting 

analyses) are met, or provides sufficient margin to account for analysis and data 
uncertainty 

 
The requirements related to SMs are described for each of the specific analysis types used 
in support of the FRE.  These analyses are grouped into the following three categories: 
 

• Fire Modeling 
• Plant System Performance 
• Fire PRA 

 
The evaluation of these categories is provided below. 
 
Fire modeling 
 
The development and quantification of fire scenarios in support of the Fire PRA followed the 
guidance available in NUREG/CR-6850.  Consistent with the Fire PRA process, not all the 
fire zones required a detailed analysis, because some of them were analyzed conservatively 
due to their relatively lower risk contributions.  Fire compartments were evaluated on a case 
by case basis during the Fire PRA development process for determining the level of detailed 
fire modeling analysis necessary.  The highest level of fire modeling analysis was applied to 
selected compartments on an as-needed basis when screening techniques could mask true 
risk contributors and practical/useful insights.  Compartments requiring less detailed analysis 
are modeled in the Fire PRA conservatively (e.g., failing all targets in the fire zone for every 
fire scenario, failing targets at time of ignition).  In either case, SM was maintained by the 
level of conservatism included in the modeling approach.  The fire modeling analysis can be 
generally classified in three groups: 
 

• Fire zones treated as "full zone damage" - These zones were screened from detailed 
analysis as they were included in the fire risk profile of the plant assuming all the Fire 
PRA targets were failed at the time of fire ignition with the total frequency of fixed 
and transient ignition sources.  In practice, they were represented as one fire 
scenario in a single fire zone and the corresponding multi compartment scenarios. 

• Fire zones that have been subdivided into fire scenarios for crediting severity factors 
and specific location characteristics within the fire zone - In this group of scenarios, 
times to damage were assumed to occur at the time of ignition of specific ignition 
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sources. There was no credit for detection or suppression features in scenarios in 
these fire zones. 

• Fire zones receiving detailed fire modeling analysis in which severity factors, 
detection and suppression features were credited for the individual fire scenarios - 
For these scenarios, determination of target damage was necessary. 
 

For the last group, the quantification process required analytical fire modeling for 
determining time to target damage, time to detection and suppression, and time for the 
different fire zones to reach hot gas layer.  The modeling approaches that were applied to 
fire zones requiring detailed analysis ensure that safety margins are maintained. 
 

• Time to target damage calculations were considered conservative and therefore 
providing safety margin as cables were considered damaged when exposed to 
environmental temperatures equal to or exceeding the corresponding damage 
criteria.  That is, heat transfer calculations throughout the thickness of the targets to 
determine internal target temperatures were not credited in the analysis.  Targets 
(e.g., cables) were assumed damaged as soon as the fire generated environmental 
temperatures reach the damage criteria.   

• Time to detection and suppression calculations were considered conservative 
because no credit was provided to such features in the Fire PRA for the first set of 
targets affected by the fires (i.e., targets within the ZOI). 

• Time to generating hot gas layer conditions in the fire zone.  The fire sizes selected 
for these calculations bounded the worst case fire scenario in the fire zone.  That is, 
the combination of the ignition source and intervening combustibles deemed to 
generate the highest heat release rate was selected for determining the time to hot 
gas layer conditions.  This approach generally resulted in shorter times to hot gas 
layer conditions, which maintained safety margin in the analysis. 
 

Therefore, fire modeling performed in support of the transition was performed within the Fire 
PRA utilizing codes and standards developed by industry and NRC staff to provide realistic 
yet conservative results.  The models were verified and validated in authoritative 
publications, such as NUREG-1824, "Verification and Validation of Selected Fire Models for 
Nuclear Power Plant Applications."  In general, the fire modeling performed in support of the 
Fire Risk Evaluations was performed using conservative methods and input parameters that 
are based upon NUREG/CR-6850.  While this is generally not ideal in the context of best 
estimate probabilistic risk analysis, it is a pragmatic approach given the current state of 
knowledge regarding the uncertainties related to the application of the fire modeling tools 
and associated input parameters for specific plant configurations. 
 
Plant System Performance 
 
NEI 04-02 Section 5.3.5.3 states: 

 
"The development of the FRE may involve the re-examination of plant system 
performance given the specific demands associated with the postulated fire event.  The 
methods, input parameters, and acceptance criteria used in these analyses needs to be 
reviewed against that used for the plant design basis events.  This review would serve to 
establish that the Safety Margin inherent in the analyses for the plant design basis 
events have been preserved in the analysis for the fire event and therefore satisfy the 
requirements of this section." 
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In the development of the NSCA, plant system performance parameters were evaluated to 
ensure they supported the nuclear safety performance criteria and establish safe and stable 
plant operation in the event of a fire.  These evaluations utilized methods, input parameters 
and acceptance criteria consistent with that used for the plant design basis events.  Failure 
to meet design basis criteria resulted in a VFDR. 
 
Performance parameters from the internal events PRA were re-examined and modified as 
required given the specific demands of a fire event.  Methods, input parameters and 
acceptance criteria used in the PRA were realistic and were in accordance with the 
American Society of Mechanical Engineers/American Nuclear Society (ASME/ANS) 
Standard RA-Sa-2009, "Standard for Level 1 / Large Early Release Frequency Probabilistic 
Risk Assessment for Nuclear Power Plant Applications," dated February 2, 2009, as 
adopted by Regulatory Guide 1.200, "An Approach for Determining the Technical Adequacy 
of Probabilistic Risk Assessment Results for Risk-Informed Activities," Revision 2.  
Therefore, a safety margin consistent with the internal events PRA was maintained. 
 
Fire PRA 
 
NEI 04-02 Section 5.3.5.3 states: 
 

"The quantification for fire related CDF/LERF is expected to be based on the plant PRA 
model.  It is recognized that use of a plant PRA model in a fire risk assessment often 
requires model modifications to be performed.  These modifications may include altering 
basic event failure probabilities, adding basic events, and logic structure changes.  
These changes should be evaluated against the methods and criteria for the overall 
internal events PRA model development for consistency, or confirmation of bounding 
treatment, to confirm that the Safety Margin inherent in the PRA model is preserved.  It 
is also appropriate to confirm that the quantified model is sufficient to treat the fire 
induced core damage sequences.  If the analysis was performed using the plant PRA 
model with no modifications other than normalizing the initiating event frequency to 1.0, 
and setting other non-credited events to ‘TRUE’ or 1.0, then the Safety Margin inherent 
in that model can be considered to have been preserved and no further assessment for 
Safety Margin is necessary for this category." 
 

The Fire PRA was developed based on the internal events PRA, to which fire-specific 
modifications were made to model the plant response to a fire.  These changes were 
documented in the TVA FIRE PRA – Task 5 Fire-Induced Risk Model.  The PRA was 
developed in accordance with the ASME/ANS RA-Sa-2009 Standard, which requires 
identifying new or modified success criteria to support the Fire PRA (i.e., Requirement 
PRM-B7).  The Fire PRA has undergone an initial industry peer review and a follow up 
supplemental industry peer review, in order to ensure the Fire PRA meets the appropriate 
quality standards of ASME/ANS RA-Sa-2009 as adopted by Regulatory Guide 1.200 
Revision 2. 
 
Circuit failure probabilities for spurious events from the Circuit Failure Analysis tasks were 
incorporated as relevant.  The circuit failure mode probabilities were assigned following 
state of the art industry practices and guidance, which are generally based on conservative 
assumptions.  Finally, operator actions in the internal events PRA were reviewed in view of 
fire scenarios, and instruments that were found to be required to support the human 
reliability assessment were added to the model.  In addition, the human error probability 
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(HEP) values were re-evaluated to account for the effect of fires, and, as relevant, additional 
fire-specific human failure events were added to the model (i.e., PRM notebook). 
 
Based on Fire PRA model changes, the selection of input parameters, and the quantification 
process, it was concluded that the safety margin inherent in the Fire PRA model was 
preserved. 
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SSA RAI 15 
 
The shutdown method is transitioning from SISBO to fire protection procedures using the 
performance-based analysis of NFPA 805.  Provide a description of the steps being 
undertaken to ensure a complete and smooth transition including RAs (including feasibility), 
modifications, training, and operating procedures. 
 
RESPONSE: 
 
The plan for transition of fire safe shutdown instructions includes migration away from 
strategies that instruct the operators to take detrimental actions such as intentionally 
disconnecting offsite power, commonly referred to as Self-Induced Station Blackout 
(SISBO).  The new procedures will be executed concurrently with the symptom based 
Emergency Operating Instructions (EOIs) and other operating procedures.  This is in 
contrast to the current strategy in the safe Shutdown Instructions (SSIs) that calls for exiting 
the EOIs and other operating procedures when the SSIs are entered.  The symptom based 
strategy will allow the operators to use the systems and equipment that are available as 
opposed to being limited by procedure to a single, predetermined success path. 
 
The following actions are planned to ensure a smooth transition to new procedures. 
 

1. Preparation and review of new procedures 
 
 The procedures required to implement the new NFPA 805 Fire Safe Shutdown will 

be prepared and implemented before NFPA 805 transition.  The structure of the 
procedures will utilize the current EOIs supplemented by FA specific instructions that 
will include risk and DID recovery actions.  These instructions will be similar to the 
current SSIs that contain actions specific to fires in that area and identify the credited 
safe shutdown path.  Modifications will be in progress while the new SSIs are being 
implemented, and therefore, revisions to incorporate the modification effects will be a 
continuous process. 

 
2. Validation of new procedures 
 
 The new and revised procedures will be validated prior to implementation to ensure 

they are feasible as written given the plant configuration.  The feasibility validation 
will follow the Frequently Asked Question (FAQ) 07-0030 guidance. 

 
3. Training operators on the new fire shutdown procedure strategy 
 
 Operator training will be developed using the systematic approach to training.  Initial 

training will be conducted prior to transition addressing the new procedure structure 
and safe shutdown strategies.  Operators will be trained on the effect of 
modifications on operating procedures, similar to the current training process. 

 
The new procedure strategy is already familiar to the operators because it will utilize the 
current EOIs for monitoring and controlling critical parameters and utilization of plant 
systems.  The operation of the systems that is unique to a fire condition, such as the use of 
recovery actions, will be similar to the way the equipment is currently operated in the SSIs.  
The new procedure strategy has already been implemented in SSIs for FAs 25-1, 25-2, 25-3 
and 26 and operators have received training on the changes.  
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FM RAI 01.c 
 
NFPA 805, Section 2.4.3.3, states: "The PSA [probabilistic safety assessment] approach, 
methods, and data shall be acceptable to the AHJ [authority having jurisdiction] ..." The NRC 
staff noted that fire modeling comprised the following: 
 

• The algebraic equations implemented in FDTs [Fire Dynamics Tools] and Fire 
Induced Vulnerability Evaluation, Revision 1 (FIVE) were used to characterize flame 
radiation (heat flux), flame height, plume temperature, ceiling jet temperature, and 
hot gas layer (HGL) temperature. 

• The Consolidated Model of Fire and Smoke Transport (CFAST) was used in the 
multi-compartment analysis (MCA), and for the temperature sensitive equipment hot 
gas layer study. 

• Fire Dynamics Simulator (FDS) was used to assess the MCR habitability, and in the 
plume/hot gas layer interaction and temperature sensitive equipment ZOI studies. 

 
Section 4.5.1.2, "Fire PRA" of the LAR states that fire modeling was performed as part of the 
FPRA development (NFPA 805 Section 4.2.4.2). Reference is made to Attachment J, "Fire 
Modeling V&V, [Validation & Verification]" for a discussion of the acceptability of the fire 
models that were used. 
 
Regarding the acceptability of the PRA approach, methods, and data: 
 

c. During the audit the NRC staff learned that wall and corner effects were not 
accounted for in the HGL and multi-compartment fire modeling analysis. Provide 
technical justification for not considering wall and corner effects in the fire modeling 
calculations. 
 

RESPONSE: 
 
Hot gas layer (HGL) temperatures were calculated in the scoping fire modeling analysis, 
detailed fire modeling analysis, multi-compartment analysis (MCA), and the MCR analysis.  
The majority of ignition sources modeled in these analyses were found to be located in the 
center of the fire compartment; therefore the wall and corner effects were not applicable to 
the majority of fire scenarios.  The fire modeling tools used to calculate the HGL temperature 
within each analysis are listed below: 
 

Analysis Fire Modeling Tool for HGL Calculations 
Scoping Fire Modeling Analysis • Method of Beyler 

• Consolidated Model of Fire Growth and Smoke 
Transport (CFAST) 

Detailed Fire Modeling Analysis • Method of McCaffrey, Quintiere, and 
Harkleroad (MQH) 

Multi-Compartment Analysis • Method of Beyler 
• MQH 
• CFAST 

Main Control Room Analysis • Fire Dynamics Simulator (FDS) 
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The HGL was calculated using the Method of MQH in the detailed fire modeling analysis 
and as a screening step in the MCA.  The MQH method assumes the fire is located at the 
center of the room and wall/corner effects were not analyzed.  A review identified those fire 
scenarios where the ignition source is located within two feet of a wall or corner and a 
sensitivity study was performed to determine if the fire location would affect HGL 
temperatures in those scenarios.  The sensitivity analysis utilized CFAST to place the fire at 
a wall or in a corner and evaluate the resulting HGL temperatures.  The sensitivity analysis 
determined that, for these scenarios, the HGL temperatures calculated using the MQH 
correlation were greater than the HGL temperatures calculated using CFAST, which 
incorporates the wall and corner effects.  Because the HGL calculations were used to 
determine target damage only, the fire scenarios using the MQH correlation in the detailed 
fire modeling analysis and the MCA are conservative. 
 
The CFAST models used to calculate HGL temperatures in the scoping fire modeling 
analysis modeled the fires at the actual location of the ignition sources and included the 
properties of the walls.  Therefore, wall and corner effects have been accounted for in the 
scoping fire modeling analyses using CFAST. 
 
The scoping fire modeling analysis and the MCA also used the Method of Beyler for 
calculating HGL temperatures.  Based on NUREG-1824, Volume 3, Section 3.3, the Beyler 
method of calculating HGL temperatures is not limited to the center of the fire compartment 
and therefore is not invalidated if the fire is flush with a wall or in a corner of the 
compartment.  Because the Beyler method is not affected by the location of the fire, no 
sensitivity analysis was required for these fire scenarios. 
 
The MCA used CFAST as a refined screening step for scenarios that could generate a 
damaging HGL using the method of Beyler and MQH.  CFAST was used for these scenarios 
to determine if a damaging HGL could be created in the exposed compartment.  For these 
scenarios, the "worst case" fire scenario in the fire compartment (i.e., the scenario with the 
bounding HRR) was evaluated using CFAST.  The sensitivity analysis re-analyzed the HGL 
temperatures with the fire located at a wall and in a corner of the compartment.  The results 
of this analysis determined that all scenarios with the fire in the center of the compartment, 
where the exposed compartment did not reach an HGL, still did not reach an HGL with the 
fire at the wall or corner.  Therefore, the results of these scenarios will not be affected by the 
wall and corner effects.  
 
The MCR analysis used FDS to calculate HGL temperatures for operator abandonment.  
Similar to the other fire modeling analyses, the majority of ignition sources within this fire 
compartment are located away from the walls, such that the wall and corner effects would 
not be applicable.  In the analysis documentation, a sensitivity analysis evaluated the HGL 
temperature with wall and corner effects.  The sensitivity analysis resulted in abandonment 
times greater than those used in the MCR analysis; therefore the MCR analysis is 
conservative and bounds the effects of a fire located at the wall or corner.  Due to the size of 
the MCR, the HGL temperatures increased local to the ignition source, rather than 
throughout the entire compartment.  Additionally, the optical density, not the HGL 
temperature, was determined to be the limiting criteria for habitability in most fire scenarios.   
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PRA RAI 01.b 
 
Section 2.4.3.3 of NFPA 805 states that the probabilistic safety assessment (PSA is also 
referred to as PRA) approach, methods, and data shall be acceptable to the AHJ, which is 
the NRC.  Regulatory Guide (RG) 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a FPRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a FPP 
consistent with NFPA 805.  RG 1.200, "An Approach For Determining the Technical 
Adequacy of Probabilistic Risk Assessment Results for Risk-Informed Activities," describes 
a peer review process utilizing an associated ASME/ANS standard (currently 
ASME/ANS-RA-Sa-2009) as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established for evaluations that could influence the regulatory decision.  The primary results 
of a peer review include the F&Os identified by the peer review and their subsequent 
resolution. 
 
Clarify the following dispositions to fire F&Os and Supporting Requirement (SR) 
assessments identified in LAR Attachment V that have the potential to impact the FPRA 
results and do not appear to be fully resolved: 
 

b. F&O 4-2 against CS-B1: 
 
The disposition to F&O 4-2 states that it has been addressed by including in the BFN 
FPRA the risk contribution of secondary fires due to the presence of a specific type 
of current transformer in electrical buses.  In the BFN NSCA and FPRA, current 
transformer cables are included in the analysis.  The corresponding cables were 
routed so that ignition sources that may affect the cables are identified, an ignition 
frequency is assigned, and adjacent targets can be identified for secondary fires as 
they are postulated.  However, there is insufficient information to understand how 
that analysis was performed.  Provide a more detailed description of the method 
used to quantify the risk associated with this event including assumptions made 
about extent of the impact from the secondary fire.  Because these secondary fires 
occur in fire areas beyond the originating fire, include in the explanation the impact to 
other components and to recovery actions required to be conducted in the areas of 
secondary fires.  Also, explain whether the feasibility of those actions was 
considered. 
 

RESPONSE: 
 
CTs that meet all of the following criteria are considered potentially susceptible to secondary 
fires and included in the BFN Fire PRA: 
 

• The CT has secondary-circuit cables that leave the enclosure that houses the CT.  
Otherwise, the secondary fire would be at the same location as the initiating fire and 
would already be accounted for in the analysis. 

• The CT is not used for differential overcurrent protection.  In such cases, an open 
circuit in the secondary circuit would lead to immediate automatic protective action to 
de-energize the associated primary circuit, which would prevent development of a 
secondary fire.  Although there is a small probability that protective action could fail, 
such transformers are screened to avoid excessive conservatism. 
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• The ratio of the number of turns in the secondary coil to the number of turns in the 
primary coil (i.e., the turns ratio) is greater than 1200:5. 
 

Secondary fire consideration in the analysis consisted of the following steps: 
 
1. Identification of the electrical cabinets housing the CTs. 
 
2. Identification of the cables connecting to the CTs capable of generating the open circuit. 
 
3. Identification of fire scenarios that could damage the cables identified in Step 2.   These 

were the fires that could potentially generate a secondary fire at the electrical cabinet 
housing the CT (i.e., cabinets identified in Step 1). 

 
4. Identification of the targets (i.e., cable tray or conduits) within the zone of influence of the 

cabinets identified in Step 1.  These were the targets that could be damaged by the 
secondary fires that are in addition to the electrical cabinet housing the CT.  These 
targets were identified by walkdowns and drawing reviews.  A zone of influence of 
10 feet horizontally from the panels was utilized.  Assuming a 1 MW fire, which is the 
largest heat release rate for cabinets listed in NUREG/CR-6850, Appendix G and using 
the point source flame radiation model, the thermoplastic damage criteria for heat flux is 
reached in approximately six feet.  Therefore, the use of 10 feet is conservative.  
Vertically, the zone of influence extends from the panel up to the ceiling of the room. 

 
5. Addition of the targets identified in Step 4 to the fire scenarios identified in Step 3.  That 

is, the fire scenarios in Step 3 included an expanded target set to account for the effects 
of the secondary fires. 

 
The effects of secondary fires on recovery actions have been considered.  Specifically: 
 

• There are no recovery actions taken at the panels susceptible to secondary fires. 
• There are two recovery actions credited in the Turbine Building (i.e., FA 26).  Under 

certain circumstances, a secondary fire in FA 26 could result from a fire originating in 
FA 16. 
o One recovery action isolates Control Air to the Reactor Buildings to ensure that 

containment isolation valves will fail closed. 
o The second recovery action places the new EHPM Pump in operation locally in 

the Turbine Building. 
• No components involved in the secondary fire at the Electrical Boards or Generators 

are required to support a recovery action. 
o The control air isolation will be performed on EL 565 at the south end (near 

column m-line) of the Turbine Building.  The locations for secondary fires are all 
located in the north end (column a-line to d-line) of the Turbine Building at 
EL 586 or above.  Because the valves are at a lower elevation and have 
significant spatial separation, any secondary fire from open CTs would not 
adversely affect the feasibility of performing the control air isolation action. 

o The new EHPM pump is planned to be operated locally, when necessary, on 
EL 565 or below at the south end (near column g-line) of the Turbine Building at 
the pump’s location.  The locations for secondary fires are all located in the north 
end (column a-line to d-line) of the Turbine Building at EL 586 or above.  
Secondary fires that could fail the EHPM pump normal power supply are included 
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in the Fire PRA model, which inherently accounts for the secondary fire failure of 
the recovery action to operate the EHPM pump from the normal power supply.  
The EHPM pump alternate power supply and cabling will not be in the secondary 
fire zone of influence.  Because the pump is at a lower elevation and has 
significant spatial separation, any secondary fire from open CTs would not 
adversely affect the feasibility of performing the pump operation action. 
 

In summary, the analysis for secondary fires was incorporated in the Fire PRA.  The targets 
in the ZOI of the secondary fires were included in the target set for the scenarios that could 
generate a secondary fire.  The effect of secondary fires on the recovery actions was 
considered. 
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PRA RAI 01.j 
 
Section 2.4.3.3 of NFPA 805 states that the probabilistic safety assessment (PSA is also 
referred to as PRA) approach, methods, and data shall be acceptable to the AHJ, which is 
the NRC.  Regulatory Guide (RG) 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a FPRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a FPP 
consistent with NFPA 805.  RG 1.200, "An Approach For Determining the Technical 
Adequacy of Probabilistic Risk Assessment Results for Risk-Informed Activities," describes 
a peer review process utilizing an associated ASME/ANS standard (currently 
ASME/ANS-RA-Sa-2009)  as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established for evaluations that could influence the regulatory decision.  The primary results 
of a peer review include the F&Os identified by the peer review and their subsequent 
resolution. 
 
Clarify the following dispositions to fire F&Os and Supporting Requirement (SR) 
assessments identified in LAR Attachment V that have the potential to impact the FPRA 
results and do not appear to be fully resolved: 
 

j. F&O 3-13 against FSS-D3 
 
The disposition to this F&O states that credit for automatic and manual suppression 
is applied to each damage state based on the suppression determined to have been 
activated.  Clarify how the time to detection and suppression system activation was 
determined for both scoping and detailed fire scenarios.  Include in this clarification 
an assessment of fire detection and suppression systems effectiveness in the 
context of fire scenarios analyzed. 
 
Additionally, discuss the process by which target sets are selected in developing the 
damage states of a detailed fire modeling scenario.  Include in this discussion how 
target set damage times, hot gas layer effects, and secondary combustibles 
influence this selection process. 
 

RESPONSE: 
 
In general, the time to detection and suppression system activation for both the scoping and 
detailed fire modeling was determined using NUREG-1805, Fire Dynamics Tools (FDT) 10.  
For each ignition source, the fire point of origin was determined by field inspection.  
Distances from the point of origin to the nearest fixed suppression/detection device and to 
the ceiling were used as inputs to the NUREG-1805 FDT10 spreadsheets, to calculate the 
device activation time.  The heat release rate (HRR) input in the spreadsheet was varied to 
determine the minimum HRR required to activate the suppression/detection device.  The fire 
growth and propagation analysis was then used to determine the time to reach the minimum 
HRR required for suppression/detection.  This minimum HRR included the ignition source, 
propagation to adjacent cabinet vertical sections and spread/propagation to secondary cable 
trays, as appropriate.  The effectiveness of the automatic detection and suppression 
systems was evaluated by observing the location of the device(s), beam pockets, and 
obstructions in the area during plant walkdowns.  Walkdowns and plant drawings were 
utilized to confirm the location of the individual detectors and sprinklers with relation to the 
fire scenario in which activation is credited. 
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The scoping and detailed fire modeling scenarios were developed in accordance with 
NUREG/CR-6850, Appendix P.  For ignition sources that could spread to secondary 
combustibles, a fire growth and propagation analysis was performed to analyze the growing 
effects of the fire and its ZOI.  The fire modeling analyses credited suppression to arrest fire 
growth and propagation, thereby limiting target damage.  Once automatic suppression 
activated or manual suppression was initiated, further fire growth and propagation was not 
postulated for that damage state.  The ZOI at the time to suppression was calculated and 
used to determine target damage.  The time to suppression included time to activate 
devices, any necessary delays for pre-discharge alarms, and an agent discharge time.  
Suppression timing and target damage sets for suppression success and failure for each 
damage state are documented as individual fire scenarios. 
 
Fire damage states were generated for each ignition source fire scenario at the time at 
which significant events occur (e.g., automatic suppression, damage to critical targets, HGL 
exceeding critical damage temperatures).  A target damage ZOI was calculated for each fire 
damage state and the associated target set was determined.  When the HGL temperature 
exceeded the critical damage temperature, for a specific type of target (e.g., thermoplastic, 
thermoset), all targets within the fire compartment that had an equal or lesser damage 
temperature were considered to be damaged. 
 
However, the transient analysis within the Reactor Building was analyzed separately from 
the generic detailed fire modeling analysis described above.  For the Reactor Building 
transient fire scenarios, the non-suppression probability term was calculated following the 
process described in NUREG/CR-6850, Appendix P, and NUREG/CR-6850 Supplement 1, 
Chapter 14, so that both automatic and manual suppression features were incorporated in 
the analysis.  Under this approach, the non-suppression probability was calculated as a 
function of time.  Furthermore, automatic suppression credit was only applied to damage 
states after the first fire sprinkler had been qualitatively assumed to actuate.  In the case of a 
transient fire below a cable tray stack, with a fire sprinkler directly between the first stack 
and a nearby cable tray stack that was not ignited by the initial transient fire, automatic 
suppression credit was not applied to the first stack. 
  

E1-34 

 



 

PRA RAI 01.l 
 
Section 2.4.3.3 of NFPA 805 states that the probabilistic safety assessment (PSA is also 
referred to as PRA) approach, methods, and data shall be acceptable to the AHJ, which is 
the NRC.  Regulatory Guide (RG) 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a FPRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a FPP 
consistent with NFPA 805.  RG 1.200, "An Approach For Determining the Technical 
Adequacy of Probabilistic Risk Assessment Results for Risk-Informed Activities," describes 
a peer review process utilizing an associated ASME/ANS standard (currently 
ASME/ANS-RA-Sa-2009) as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established for evaluations that could influence the regulatory decision.  The primary results 
of a peer review include the F&Os identified by the peer review and their subsequent 
resolution. 
 
Clarify the following dispositions to fire F&Os and Supporting Requirement (SR) 
assessments identified in LAR Attachment V that have the potential to impact the FPRA 
results and do not appear to be fully resolved: 
 

l. F&O 4-17 against PRM-B5: 
 
The disposition to this F&O does not address the peer review team's observation 
regarding treatment of detrimental actions and identification of new fire-induced 
accident sequences.  Provide the following: 
 

a. Discussion of the extent to which success of fire-specific actions were 
considered as a potential failure mode of components modeled in the FPRA 
model, including any new resulting accident sequences as appropriate. 

b. Description of the review performed to identify new accident sequences, 
including timing considerations not in the internal events.  Include in this 
description a disposition of the examples identified by the F&O. 
 

RESPONSE: 
 
The LAR, Attachment V, included an incorrect disposition for Facts and Observations 
(F&O) 4-17.  The disposition to F&O 4-17 is revised to state: 
 
 "A review was conducted of 1) screened initiating events from the internal events PRA 

model documentation, and 2) MSO impacts on plant safe shutdown and on the potential 
for new initiating events.  The results of this review are documented in the Component 
Selection report, subtask 7.2.1, section 6.2, and Table 16.  The review included an 
evaluation of generic and plant specific MSO scenarios to identify the potential for any 
unique failure impacts.  No new sequences were identified which were not already 
included in the Fire PRA model, or adequately addressed by system logic models as 
modified for the Fire PRA.  A review of fire emergency procedures will be performed 
after procedure development is complete." 

 
As stated in LAR Section W.1, "Fire PRA results and risk insights are based on the post-
transition plant, which is based on the as-built plant with the following characteristics: 1) the 
plant includes modifications credited for the NFPA 805 transition, 2) the plant operation 
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relies on recovery actions credited in the Fire PRA, and 3) no detrimental actions are taken.  
"Detrimental actions" is a term used to designate a set of operator actions currently 
proceduralized in the as-built, as-operated plant, aimed at precluding the fire-induced 
spurious operation of equipment, but that the Fire PRA determined to be not beneficial in 
terms of risk.  As such, these "detrimental actions" are eliminated in the transition to NFPA 
805." No new accident sequences beyond what are currently modeled in the BFN internal 
events model were required based upon success of fire-specific actions. 
 
New timing considerations from Multiple Spurious Operations (MSOs) and other fire induced 
effects were taken into account in the Fire PRA model.  This included accounting for the 
various accident sequence specific Human Reliability Analysis (HRA) timings.  However, this 
did not introduce any new accident sequences in the Fire PRA event trees beyond what is 
currently modeled in the internal events model. 
 
F&O 4-17 provides the following examples: 
 
MSO scenarios  
 
MSO scenarios including overfill, system overpressurization, spurious opening of system 
drain valves, and water hammer including flooding were investigated during the BFN MSO 
expert panel.  The MSO scenarios were addressed by systematically evaluating the 
scenarios and dispositioning them for new accident sequences.  This review resulted in no 
additional accident sequences beyond what is currently modeled in the internal events 
model. 
 
Fire-Induced Floods 
 
See the TVA response to PRA RAI 01.m (in TVA letter CNL-14-001, dated 
January 10, 2014) for discussion relating to consideration of fire-induced flooding scenarios. 
 
Loss of power to the control room annunciator tile boards 
 
In regards to loss of power to the control room annunciators, the Fire PRA recognized that 
operator performance plays a significant role in the plant response to fire events.  
Particularly, operators can interface with and otherwise manipulate systems in ways that are 
either beneficial or detrimental to safe shutdown.  These operator actions are largely 
dependent on indicators and related instrumentation (e.g., alarms) that are used by the 
operators to understand the status of the plant, and determine what actions to take based 
on the guidance in the EOIs, alarm response procedures (ARPs) and/or fire response 
guidance and procedures.  Unlike for most internal events where the availability of 
instrumentation is not likely to be challenged, fires could fail or otherwise cause spurious 
operation of instrumentation used by the operators at likelihoods that cannot be neglected.  
During the review of annunciators and instrumentation, no detrimental actions were 
identified thus creating no new accident sequences beyond what are currently modeled in 
the BFN internal events model.     
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PRA RAI 07 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.  RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  In letter dated July 12, 2006, to NEI (ADAMS 
Accession No. ML061660105), the NRC established the ongoing FAQ process where official 
agency positions regarding acceptable methods can be documented until they can be 
included in revisions to RG 1.205 or NEI 04-02.  Methods that have not been determined to 
be acceptable by the NRC Staff require additional justification to allow the NRC Staff to 
complete its review of the proposed method. 
 
LAR Attachment C identifies a number of systems for which heating ventilation and air 
conditioning (HVAC) is needed to meet its performance goal.  Describe the HVAC modeling 
performed to support the FPRA and whether HVAC cable tracing and fire modeling were 
performed to support this modeling. 
 
RESPONSE: 
 
An environmental qualification calculation established the upper temperature limit at which 
electrical components could still function without adverse effects.  The thermal capabilities of 
equipment were evaluated in the calculation through review of manufacturer’s published 
data, industry standards, environmental qualification documentation, and materials and 
equipment reference reports.  Based on this calculation, the upper temperature limit that 
electrical equipment could survive without adverse effects for a 24 hour mission time was 
140 degrees Fahrenheit (°F). 
 
The Fire PRA credited only the HVAC Systems for those rooms that were not screened out 
based on room heatup calculations.  HVAC Systems were only needed in rooms where the 
temperature in the room increased to above 140°F in 24 hours.  Based on the room heatup 
calculations performed, HVAC systems were not required in the Unit 1, 2, and 3 Electric 
Board Rooms, the Unit 3 Shutdown Board Rooms or the Control Building, except for the 
MCR. 
 
The Fire PRA model considered the effects of fire for the credited HVAC components, 
including air handling units, chillers, and dampers.  The cables for the credited components 
were traced and were subject to failure due to fire in the model as well. 
 
For those rooms where HVAC is credited, in accordance with fire response procedures, 
operator action is required to start alternate air cooling if normal HVAC fails.  The fire 
response procedures also include actions to open doors and install fans for ventilation 
purposes.  Both of these operator actions are credited in the Fire PRA, where applicable, 
and modeled for failure to perform the action. 
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PRA RAI 11 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.  RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing ASME/ANS-RA-Sa-2009 as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established. 
 
Identify any changes made to the internal events (IEPRA) or FPRA since the last full-scope 
peer review of each of these PRA models that are consistent with the definition of a "PRA 
upgrade" in ASME/ANS-RA-Sa-2009, "Standard for Level 1/Large Early Release Frequency 
for Nuclear Power Plant Applications," as endorsed by Regulatory Guide 1.200.  
 
RESPONSE: 
 
A PRA upgrade is defined in ASME/ANS RA-Sa–2009 as the incorporation into a PRA 
model of a new methodology or significant changes in scope or capability that affect the 
significant accident sequences or the significant accident progression sequences.  This 
could include items such as new human error analysis methodologies, new data update 
methods, new approaches to quantification or truncation, or new treatments of common 
cause failure. 
 
No new human error analysis methodology, new data update method, new approach to 
quantification or truncation, and no new treatment of common cause failure have been 
employed in the internal events PRA model since the 2009 Peer Reviews (i.e., May 2009 for 
Internal Events and August 2009 for Internal Flooding).  No changes have been made to the 
accident progression sequences in the internal events PRA.  Therefore, the changes to the 
internal events PRA since the 2009 Peer Reviews do not meet the criteria for a PRA 
upgrade. 
 
The Fire PRA model changes since the Follow-On Peer Review of June 2012 include: 
 

• Errors were found in the cable locations used in the peer reviewed model.  The 
correction of the cable locations affected the targets for various fire scenarios and 
thus, affected the components failed due to fire for various fire scenarios. 

• Emergency DG overloading due to spurious loading of the shutdown boards was not 
included in the peer reviewed model.  The failure mode of loss-of-power to the 
various shutdown boards due to DG overloading has been added to the model.  This 
resulted in additional equipment failures for various fire scenarios. 

• Modifications and recovery actions not included in the peer reviewed model were 
subsequently credited in the final model used to support the NFPA 805 LAR.  The 
modifications and recovery actions prevent failures or recover from new failures 
introduced by the correction of the cable locations and failures resulting from 
Emergency DG overloading. 

• Some fire scenarios previously analyzed using the scoping fire modeling techniques 
were re-analyzed using detailed fire modeling techniques.  However, the detailed fire 
modeling techniques were previously used for a limited number of scenarios in the 
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peer reviewed model.  Therefore, there was a change in the scope of detailed fire 
modeling performed; however, there was no change in methodology. 
 

There have been significant changes to the Fire PRA model since the June 2012 peer 
review.  The changes were a result of error corrections such as cable routing errors, diesel 
overload model correction, expansion of existing approaches and techniques contained in 
the peer reviewed model, and refinements to Fire HRAs contained in the new dominant 
sequences.  Subsequent to the June 2012 peer review, no new methodologies were used to 
revise the Fire PRA model that supported the results/conclusions used in the NFPA 805 
LAR.  However, the modeling changes made since the peer review were significant changes 
in capability that affected the significant accident sequences and the significant accident 
progression sequences.  Therefore, the changes to the Fire PRA model constitute a PRA 
upgrade. 
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PRA RAI 11.a 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.   RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing ASME/ANS-RA-Sa-2009 as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established. 
 
Also, address the following: 
 

a) Clarify why the SRs in Table V-1 were found to be not applicable (N/A) by the peer 
review team.  Identify which SRs are not applicable (e.g., the type of reactor or the 
NFPA 805 application).  If there are specific and multiple reasons that SRs are 
determined to be N/A, identify the reason for each SR, grouping them as appropriate.  
In general, SRs that are not deemed applicable to an application require application 
specific justification, so all reasons provided should include a discussion of the NFPA 
805 application characteristics.  For example, 

 
i) FSS-C7 requires that dependencies among multiple suppression paths be 

evaluated and modeled.  Since there are fire scenarios crediting, at a minimum, 
at least one type of automatic suppression and possible manual suppression if 
automatic fails, describe the basis for dismissing this SR as inapplicable. 

ii) IGN-A6 requires use of Bayesian updating (or equivalent) when generic and 
plant-specific ignition frequency data are combined.  Describe whether any plant-
specific datum is used for Browns Ferry at any of the units.  If no, why not?  If 
used, describe why this SR deemed not-applicable. 

iii) HRA-B4 addresses the role of instrumentation failures due to fire in HRA.  
Dismissal of this as inapplicable suggests that such instrumentation failures were 
not considered in the HRA.  Clarify and justify this SR being inapplicable. 

iv) For these to be inapplicable (QNS-C and QNS-D2 on p. V-9), QNS-A, -B and -D 
must also be deemed such, but they do not appear to be. 

 
RESPONSE: 
 
In general, the Fire PRA model followed the guidelines of NUREG/CR-6850 and the High 
Level Requirements (HLRs) and Supporting Requirements (SRs) of ASME/ANS 
RA-Sa-2009.  Listed below are the HLRs and SRs that were deemed not applicable (N/A) to 
the Fire PRA model by the full scope peer review team and the justifications for classifying 
them as such. 
 

1) The Fire PRA model was adapted from the internal events model using the same 
inputs and parameters, except for modifications to represent fire risk events.  In the 
development of the Fire PRA model, the requirements of the following HLRs and 
SRs were not affected.  They were evaluated during the internal events peer review 
and met Category II or better.  Some SRs had associated F&Os which were resolved 
as specified in LAR Attachment U. 
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 DA-A IE-C11 QU-C3 SY-A20 
 DA-B IE-C14 SC-A1 SY-B3 
 DA-C LE-A SY-A9 SY-B4 
 DA-E LE-B SY-A11  
 IE-C6 LE-C SY-A15  
 IE-C10 LE-D SY-A16  
 

2) SR SY-A19 was identified in LAR Table V-1 as "not applicable" but should be 
marked as "Met."  SY-A19 was determined to be not applicable at the time of the 
peer review because the BFN Fire PRA model used the internal events PRA model 
information for unavailability of components.  The new components added for the 
Fire PRA, except for the EHPM pump, were modeled for unavailability caused by 
damaging fires only, because the out-of-service unavailability of the new components 
is included in the component or function it supports.  Because the EHPM pump was 
added to the Fire PRA model for both unavailability due to test or maintenance, as 
well as a damaging fire causing unavailability, the SR was met for Capability 
Category I, II, and III.  Therefore, this SR should be identified as "Met."  LAR 
Attachment V, Table V-1, which provides the list of High Level Requirements (HLRs) 
and SRs that are not applicable, is revised to remove SY-A19 (in the fourth column 
of the Table) from Table V-1. 
 

3) Two new initiating events were identified in the Fire PRA review.  However, these 
were already accounted for in the existing event tree/accident sequences.  No new 
event trees/accident sequences were implemented in the Fire PRA.  See the 
disposition to PRM-B3 on page V-73 of the BFN NFPA 805 LAR for a detailed 
description of the modeling of fire induced initiating events.  Therefore, the following 
HLRs/SRs were identified as not applicable: 
 

 AS-A2 AS-A9 AS-B7 IE-A6 
 AS-A3 AS-A11 AS-C IE-A7 
 AS-A4 AS-B1 IE-A1 IE-A9 
 AS-A6 AS-B2 IE-A2 IE-A10 
 AS-A7 AS-B5 IE-A3 IE-B 
 AS-A8 AS-B6 IE-A5 PRM-B6 
 

4) There were no new success criteria modeled in the Fire PRA that have been 
identified that require plant response model construction.  The definition of success 
criteria, as specified in ASME/ANS RA-Sa-2009, is the minimum number or 
combinations of systems or components required to operate to ensure safety 
functions are satisfied.  Additional components included in the Fire PRA model did 
not affect the minimum number or combinations of systems or components required 
to operate.  They were added to provide another level of redundancy, and as such, 
the following Supporting Requirements were deemed not applicable: 
 

 PRM-B8 SC-A3 SC-B2 
 SC-A2 SC-A4 SC-C2 
 

5) PRM-B15 was deemed not applicable because there was no new Fire PRA specific 
accident progression identified beyond the onset of core damage which addresses 
LERF estimation in the internal events PRA. 
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6) The Fire PRA HRA initially used the same human actions as the internal events 
model.  These human actions were further refined in accordance with the Supporting 
Requirements for HRA-A, HRA-B, HRA-C, and HRA-D.  Because all the 
requirements in the HR HLRs were included in the HRA HLRs, the following 
HLRs/SRs were deemed not applicable: 
 

 HR-A HR-C HR-H1 
 HR-B HR-D 
 

7) SRs IE-C15 and IE-D were previously covered by the IGN and CF SRs while SRs 
under MU-A, MU-B, MU-C, MU-D, and MU-E were covered under the FMU SRs. 
 

8) The cable selection process does not include any assumed routing cases.  The Fire 
PRA team identified a set of components for which the location of associated cables 
was identified.  All other components were assumed to fail for all fire scenarios; 
therefore CS-A11, CS-C3 and FSS-E4 were deemed not applicable. 
 

9) SR FQ-F2 requires documentation to support any claim of nonapplicability of 
referenced requirements in Section 2 of ASME/ANS RA-Sa-2009 standard.  The Fire 
PRA analysis did not claim nonapplicability of any of those requirements, and as 
such, FQ-F2 was deemed not applicable. 
 

10) SR IE-C7 requires a time trend analysis to meet Capability Category III, but no time 
trend analysis is required for Capability Category II.  The BFN PRA did not include a 
time trend analysis, and as such, IE-C7 was deemed not applicable. 
 

11) Internal flooding does not affect the Fire PRA; therefore the following HLRs/SRs 
were deemed not applicable. 
 

 IFEV-A IFPP-B IFSN-A IFSO-A 
 IFEV-B IFQU-A IFSN-B IFSO-B 
 IFPP-A IFQU-B 
 

12) SR ES-B5 provides relief for components susceptible to fire-induced spurious 
operations.  The provisions of this SR have not been used in the Fire PRA, therefore 
it was deemed not applicable. 
 

13) Based on the plant-specific review of BFN fire events from January 1, 2000 to 
December 31, 2009, for Units 1, 2 and 3, a total of 67 fire events were identified and 
reviewed, with 59 of these events being immediately screened from further 
consideration based on where and when the fire events occurred.  The eight 
remaining events were placed into their respective fire ignition bins.  Only one of 
these events was identified as potentially challenging, due to fire in a cabinet located 
in a flammable environment. 

 
No unusual patterns of occurrence or outlier fire events were noted.  Given that there 
were no unusual patterns of fires and no more than one fire event per bin that was 
not immediately screened based on where and when the fire event occurred, no 
plant specific updates of generic frequencies were considered.  Guidance in 
NUREG/CR-6850, Section 6.5.2 states that if there are only a small number of fire 
events in the plant, use of generic fire frequencies is warranted.  With only one plant 
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specific fire event associated with each bin, the frequency of that bin would increase 
significantly if Bayesian updates were employed.  Typically the fire frequency for 
each bin was smaller than once per 100 years, while a plant will have less than 
100 years of total experience.  Therefore, with just one fire event the frequency 
would increase significantly after performing a Bayesian update.  The updated 
frequency would be overly conservative based on a small probability that the event 
occurs early in the observation period. 
 
Because generic industry parameters were used in the BFN analysis, the following 
SRs were deemed not applicable: 
 

 DA-D IE-C2 IE-C4 IE-C13 
 FSS-E2 IE-C3 IE-C12 IGN-A6 
 

14) No parameters outside the bounds of HLR-FSS-C or HLR-FSS-D have been credited 
in the Fire PRA, therefore, FSS-E1 was deemed not applicable. 
 

15) The Alarm Response procedures, the EOIs, and the abnormal operating instructions 
(AOIs) were all reviewed to determine whether there were any spurious alarms or 
indications that could cause an undesired operator action that could cause a 
detrimental effect in the Fire PRA.  All of the alarms required verification, either by 
using indications from other parameters, or by manual verification.  The AOIs were 
reviewed and were determined that upon entry into the procedure multiple 
indications and conditions are required to be verified as a part of the procedure.  
Almost all of the steps in the EOIs have multiple sources and channels in the MCR.  
Other steps have multiple means of detection from the MCR.  All other spurious 
indications from a single instrument that could cause an undesired operator action 
were assumed to be failed in the Fire PRA.  Therefore, HRA-B4 was deemed not 
applicable. 
 

16) During development of the Fire PRA, the plan was to screen compartments using 
guidance from NUREG/CR-6850 and the ANS/ASME PRA Standard.  Although 
several compartments fell below the criteria specified in NUREG/CR-6850 and the 
ANS/ASME PRA Standard, no compartments were screened out of the analysis.  All 
compartments were retained for further analysis and therefore, the following 
HLRs/SRs were deemed not applicable: 
 

 QLS-A QNS-A* QNS-C  
 QLS-B QNS-B* QNS-D* 
 

*Note: Except for QNS-D2, these HLRs were originally marked as "Met" because a 
screening analysis was performed.  Although several compartments fell below the 
criteria laid out in NUREG/CR-6850 and the ANS/ASME PRA Standard, no 
compartments were screened out in the analysis.  All compartments were retained 
for further analysis so each of these HLRs and SRs included therein were judged to 
be not applicable as well.  LAR Attachment V, Table V-1 is revised to add QNS-A, 
QNS-B and QNS-D to the Table and delete QNS-D2 (in the fifth column of the Table) 
from the Table. 
 

17) There are no subtrees, modules or split fractions used in the Fire PRA model, 
therefore AS-B4 and QU-B10 were deemed not applicable: 
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18) The Fire PRA is a spatial analysis so any comparison would require the identification 

of a plant with a similar arrangement of cables, raceways, and ignition sources.  No 
such plant exists; therefore, QU-D4 was deemed not applicable. 
 

19) The Fire PRA model does not use non-nuclear power industry sources for fire 
ignition frequencies; therefore, SRs IGN-A2 and IGN-A3 were deemed not 
applicable. 
 

20) With regard to SR FSS-C7, there were no dependencies between automatic 
suppression and manual suppression.  If automatic suppression failed, the fire PRA 
did not take credit for fire brigade manual initiation of the failed automatic 
suppression system.  The only dependency was between automatic detection and 
manual suppression.  If automatic suppression was successful, there was no need 
for manual suppression.  If automatic suppression failed, and automatic detection 
was successful, Operations personnel would dispatch the fire brigade to manually 
suppress the fire.  If automatic detection failed, manual detection would prompt 
action from the fire brigade to manually suppress the fire.  The dependency between 
Fire PRA modeling of automatic and manual detection and suppression is further 
discussed in the TVA response to PRA RAI 01 Part j in this enclosure.  Therefore, 
this SR was deemed not applicable. 
 

21) SR AS-A10, this was previously marked as "not applicable" but should be marked as 
a "Not Met" finding.  This SR is similar to AS-A1 and AS-A5, in regard to the fire 
emergency response procedures.  The Fire PRA model followed the internal events 
model.  The Fire PRA model took credit for draft fire emergency response 
procedures that provided descriptions of operator actions dealing with fires.  The Fire 
PRA team worked closely with the overall NFPA 805 transition team to develop the 
draft fire emergency response procedures.  While no significant changes are 
expected to be made to the draft procedures, any change made during the 
development of the final procedures will be appropriately incorporated into the model 
and will be reviewed for adequacy consistent with the commitment specified in LAR 
Attachment S, Table S-3, Implementation Item 33.  This will also be discussed in the 
TVA response to PRA RAI 01 Part d (in a future letter).  In addition, LAR 
Attachment V, Table V-1 is revised to delete AS-A10 (in the first column of the Table) 
from the Table. 
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PRA RAI 11.b and c 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.  RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing ASME/ANS-RA-Sa-2009 as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established. 
 
Also, address the following: 
 

b) At the time of the follow-on peer review, it is not clear that fire modeling was well 
developed.  The fire scenario analysis was developed under conservative 
assumptions for target damage (F&O 3-13), credited for detection and suppression 
for all target failures without consideration for time to damage or system activation 
(F&O 3-13), utilized a one-point model (F&O 8-3), discounted "non-propagating" fire 
scenarios (F&O 5-18), and employed an unreviewed analysis method for severity 
factors (F&O 3-14).  The current fire scenario analysis, however, represents all risk-
significant fire scenarios as detailed scenarios that employ a progression of target 
damage states in time and that credit automatic and manual suppression at each 
damage state considering the systems that have been determined to activate at that 
time.  As a result, it appears that the updates made to the fire scenario analysis may 
be characterized as a PRA upgrade. 
 
Describe whether the above or other changes are considered PRA upgrades.  If not, 
provide justification.  If so, indicate if a focused-scope peer review was performed for 
these changes consistent with the guidance in ASME/ANS-RA-Sa-2009, as 
endorsed by RG 1.200, Revision 2, and describe any findings from that focused-
scope peer review and the resolution of these findings. 

 
c. If a focused-scope peer review has not been performed for changes characterized as 

a PRA upgrade, describe what actions will be implemented to address this review 
deficiency. 

 
RESPONSE: 
 
There have been significant changes to the Fire PRA model since the June 2012 peer 
review.  The changes were a result of error corrections such as cable routing errors, diesel 
overload model correction, expansion of existing approaches and techniques contained in 
the peer reviewed model, and refinements to Fire HRAs contained in the new dominant 
sequences.  Subsequent to the June 2012 peer review, no new methodologies were used to 
revise the Fire PRA model that supported the results/conclusions used in the NFPA 805 
LAR.  However, the modeling changes made since the peer review were significant changes 
in capability that affected the significant accident sequences and the significant accident 
progression sequences.  Therefore, the changes to the Fire PRA model constitute a PRA 
upgrade.  Furthermore, a focused-scope peer review has not been performed subsequent to 
making these changes. 
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Because the Fire PRA has been upgraded since the June 2012 peer review, a focused-
scope peer review will be performed prior to transition to NFPA 805.  The focused scope 
peer review will include at a minimum, the following elements: Fire PRA Cable Selection and 
Location (CS), Human Reliability Analysis (HRA), Fire Risk Quantification (FQ), and 
Uncertainty and Sensitivity Analysis (UNC).  To ensure this peer review is performed, a new 
implementation item, Implementation Item 47, is added to LAR Table S-3.  The LAR Table 
requires that certain items be completed prior to the implementation of the NFPA 805 fire 
protection program.  The new Implementation Item reads:  "Perform a focused-scope peer 
review of the Fire PRA.  The peer review will include, as a minimum, the following elements: 
Fire PRA Cable Selection and Location (CS), Human Reliability Analysis (HRA), Fire Risk 
Quantification (FQ), and Uncertainty and Sensitivity Analysis (UNC)." 
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PRA RAI 13 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.  RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing an associated ASME/ANS standard (currently ASME/ANS-RA-Sa-2009) as one 
acceptable approach for determining the technical adequacy of the PRA once acceptable 
consensus approaches or models have been established. 
 
The BFN Post-Fire HRA report states that actions related to emergency depressurization 
require "special treatment to allow a more refined application in the fire model"; however, the 
treatment appears to be non-conservative. The discussion in Section 5.1.6 suggests that in 
an attempt to simplify modeling logic, fire-induced operation of safety relief valves (SRVs) 
are not modeled as failing high pressure coolant injection (HPCI)/reactor core isolation 
coolant but are still credited for successful long-term emergency depressurization.  Clarify 
the treatment of actions related to emergency depressurization as well as the modeling of 
fire-induced operation of SRVs. 
 
RESPONSE: 
 
Fire induced opening of the SRVs was modeled in the Stuck Open Relief Valve (SORV) 
logic of the Fire PRA. The necessary cable fire effects were attached to the existing SORV 
logic from the Internal Events (IE) model.  In the Fire PRA, the single SORV logic and the 
multiple SORV logic is applied to the correct sequences through the event tree structure 
similar to the manner in which it is applied in the IE model. 
 
The "special treatment" section in the BFN Post-Fire Human Reliability Analysis report, 
Section 5.1.6, was intended only to describe how the short and long term emergency 
depressurization human actions were modeled in the Fire PRA.  The model was constructed 
so the fire-induced SRV operations, along with the spurious operation of an SRV or stuck 
open SRV failure modes, failed the HPCI and RCIC Systems in the proper manner.  The 
logic was such that two or more open SRVs failed both short term and long term HPCI and 
RCIC.  One open SRV failed long term (i.e., greater than four hours of operation) HPCI and 
RCIC, but allowed credit for HPCI and RCIC for up to four hours. 
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PRA RAI 23.a 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.   RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing ASME/ANS-RA-Sa-2009 as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established.  The primary results of a peer review are the F&Os recorded by the peer review 
and the subsequent resolution of these F&Os. 
 
Clarify the following dispositions to fire F&Os and SR assessment identified in LAR 
Attachment U that have the potential to impact the FPRA results and do not appear to be 
fully resolved: 
 

a. 1-12 (Finding against SC-B1 Met at CC-II, SY-B6 Not Met at CC-I/II/III, and SY-B7 
Met at CC-I/II/III) 
 
The F&O cites the lack of engineering bases for three specific assumptions; 1) that 
active ventilation is not required, 2) keep-fill systems are not required, and 3) the 
high pressure coolant injection (HPCI) system is dependence on "quad" cooling for 
20 hours of post-accident operation.  The disposition to the F&O does not provide a 
complete basis for these assumptions.  Clarify the following: 

 
i The disposition states that room heat-up calculations were performed after the 

peer review that resulted in removal of several HVAC system dependencies.   
Describe the room heat-up calculations that were performed, identify what 
modeling tools were used, explain which dependencies were removed as a result 
of these calculations, and identify where this analysis is documented. 

ii The disposition explains that the keep fill systems are reliable (i.e., monitored 
daily by operations and based on operator experience system leaks are not great 
enough to create a water hammer condition). Describe the engineering basis for 
not modeling the keep-fill function in the PRA.    

iii The disposition states that based on operational experience and operator 
interview, the condensate and condensate booster pumps are assumed to 
survive 24 hours without forced cooling.  However, it is noted that Modification 
104 identified in Table S-2 of the LAR commits to upgrading the Unit 3 
condensate booster pumps to be larger capacity pumps.  Clarify whether 
dependency on forced cooling for these pumps was modeled or removed, and if 
this dependency was removed, provide justification that the new condensate 
booster pumps are not dependent on forced cooling. 

 
RESPONSE: 
 
Part a.i 
 
Three transient thermal models were constructed in the GOTHIC Version 7.2b computer 
program to estimate the temperature response over a 72-hour period for selected areas 
following a transient that initiates safety-related loads and a loss of room cooling.  The 
following models were evaluated. 
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• Control Bay Model - Twenty seven rooms in the Control Building and Reactor 

Building were analyzed.  The calculation included evaluations for battery rooms, 
battery board rooms, auxiliary instrument rooms, MCRs, 250 VDC Shutdown Battery 
Rooms, 480V Shutdown Board Rooms, and Unit Board Rooms. 

• Unit 3 Diesel Generator Building Model- Includes 4kV Shutdown Board Rooms 3EA, 
3EC, 3EB, 3ED and the 4kV Shutdown Bus Tie Board Room. 

• Battery Room Number 4 Board Room Model 
 

Similarly, a separate calculation was developed to estimate the temperature response in the 
Reactor Building corner pump rooms over a 72-hour period following a transient that initiates 
safety-related loads and concurrent failure of the dedicated air cooling units located therein. 
 
An environmental qualification calculation established the upper temperature limit at which 
electrical components can still function without adverse effects.  The thermal capabilities of 
equipment were evaluated in the calculation through review of manufacturer’s published 
data, industry standards, environmental qualification documentation, and materials and 
equipment reference reports.  Based on this calculation, the upper temperature limit that 
electrical equipment could survive without adverse effects for a 24 hour mission time was 
140°F. 
 
Based on these calculations, the HVAC dependencies for the Control Building except for the 
Units 1 and 2 and Unit 3 MCRs, the Unit 1, 2 and 3 Electric Board Rooms, and the Unit 3 
Shutdown Board Rooms have been removed from the Internal Events PRA model.  The 
calculations showed that these rooms remain below 140°F for a 72-hour period following 
shutdown.  Therefore, a flag was used to remove the HVAC dependency from the following 
areas: 
 

• Unit 1 Electric Board Room (flag SW_U1_HVAC_EBR) 
• Unit 2 Electric Board Room (flag SW_U2_HVAC_EBR) 
• Unit 3 Electric Board Room (flag SW_U3_HVAC_EBR) 
• Unit 1 and 2 Control Building (flag SW_U12_HVAC_CB) 
• Unit 3 Control Building (flag SW_U3_HVAC_CB) 
• Unit 3 Shutdown Board Room (flag SW_U3_HVAC_SDB) 

 
The information described above can be found in the following calculations: 
 

• Thermal Analysis of Control Bay Rooms, Unit 3 Diesel Generator Building Shutdown 
Board Rooms and Battery Room #4 Board Room Following Loss of Cooling 

• Thermal Analysis of RB Corner Rooms Following Loss of Room Cooling. 
• BFN Probabilistic Risk Assessment – Heating Ventilation and Air Conditioning 

System. 
• Upper Boundary Temperature for Mild Environments Related to Environmental 

Qualification of Electrical Equipment 
 
Part a.ii 
 
During normal plant operations, the preferred method for maintaining the Residual Heat 
Removal (RHR) or Core Spray system charged is the Pressure Suppression Chamber 
(PSC) head tank.  The keep-fill system is considered reliable because the PSC System is a 
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passive system maintained by the PSC head tank.  In addition, any significant loss of 
pressure is easily identified, because the discharge pipe pressures for RHR and Core Spray 
are routinely monitored. 
 
The PSC head tank liquid level is maintained at a height sufficient to pressurize the 
supported system’s discharge piping to the minimum pressure specified in the Technical 
Requirements Manual (TRM) as follows: 
 

(1) Units 2 and 3 RHR Loop I at > 48 psig. 
(2) Units 2 and 3 RHR Loop II at > 35 psig. 
(3) Unit 1 RHR loop minimum pressures are reversed from Units 2 and 3 above, with 

RHR Loop I at > 35 psig and RHR Loop II at > 48 psig. 
 

The pressure values referenced above are those required to maintain the pressure in the 
highest elevation piping for each ECCS Loop above atmospheric. 
 
Instruments that monitor the system pressure provide indication in the MCR and channel 
checks are performed routinely to ensure proper charging of the RHR and Core Spray 
Systems. 
 
With the PSC head tank volume available, the PSC System pressure would remain 
adequate to prevent ECCS line voiding for at least six hours after PSC pump failure on 
Units 1 and 3.  The Unit 2 PSC head tank capacity can only last about 2.5 hours after PSC 
pump failure. 
 
The keep-fill system is not modeled in the Internal Events PRA model.  The only 
waterhammer modeling included in the Internal Events PRA model is when suppression 
pool cooling is in operation during power operation and a loss of offsite power occurs. 
Because the motor operated valves (MOVs) cannot reposition when the pumps trip, water 
from the RHR loop to the suppression pool will drain to the Suppression Pool and the RHR 
pump could cause a waterhammer event when it re-starts.  The PRA model assumes that 
the RHR loop fails if these conditions exist.  However, during a fire, spurious operations of 
valves can cause pipes to drain and other fire induced failures can fail the keep fill system.  
These waterhammer events are modeled in the Fire PRA model for both the RHR and Core 
Spray Systems. 
 
Part a.iii 
 
As noted in the LAR Table S-2, Modification 104 commits to upgrading the Unit 3 
Condensate Booster Pumps (CBPs) to larger capacity pumps.  The upgraded pumps, which 
are already installed in Units 1 and 2, will be water cooled using the Raw Cooling Water 
(RCW) System, and will no longer require HVAC support.  The PRA model already includes 
the RCW System dependency for the Condensate System for all three units.  Therefore, the 
resolution of F&O 1-12 will remain valid after implementation of Modification Item 104. 
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PRA RAI 23.b 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.   RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing ASME/ANS-RA-Sa-2009 as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established.  The primary results of a peer review are the F&Os recorded by the peer review 
and the subsequent resolution of these F&Os. 
 
Clarify the following dispositions to fire F&Os and SR assessment identified in LAR 
Attachment U that have the potential to impact the fire PRA results and do not appear to be 
fully resolved: 
 

b. 2-23 (Finding against SY-A3 Met at CC-I/II/III) 
 
Since this F&O was issued modeling of HVAC dependency has been removed for 
the Unit 3 Electric Board Rooms for both the IEPRA and FPRA.  Confirm that HVAC 
operation is not assumed in the fire PRA to protect equipment from smoke damage 
or sensitive electronics from thermal damage.  Also, confirm that HVAC operation is 
not needed to ensure access/egress through fire areas during a response. 

 
RESPONSE: 
 
Due to the conservative methods used in the Scoping Fire Modeling for all the fire 
compartments and in the Detailed Fire Modeling for specific, risk-significant fire scenarios, 
HVAC System operation in the fire compartment where the fire was located was not 
assumed in the Fire PRA to protect equipment from smoke damage or sensitive electronics 
from thermal damage. 
 
Operator actions have not been credited for fire locations affected by a fire, including 
traversing the FA(s) to reach another.  Additionally, HVAC operation is not necessary to 
ensure access/egress through FAs that are not subjected to the exposing fire. 
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PRA RAI 23.e 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.  RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing ASME/ANS-RA-Sa-2009 as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established.  The primary results of a peer review are the F&Os recorded by the peer review 
and the subsequent resolution of these F&Os. 
 
Clarify the following dispositions to fire F&Os and SR assessment identified in LAR 
Attachment U that have the potential to impact the FPRA results and do not appear to be 
fully resolved: 
 

e. 3-10 (Finding against HR-I3 Not Met at CC-I/II/III, IE-D3 Not Met at CC-I/II/III, LE-F3 
Not Met at CC-I/II/III, SY-C3 Not Met at CC-I/II/III, SC-C3 Not Met at CC-I/II/III, QU-
E2 Met at CC-I/II/III, QU-E4 Not Met at CC-I/II/III, QU-F4 Not Met at CC-I/II/III, and 
QU-E1 Not Met at CC-I/II/III) 

 
 A detailed compilation of identified sources of uncertainty is presented in Table A8.1 

of the internal events Quantification report (i.e., QU - Probabilistic Risk Assessment - 
Quantification) which includes rationale for assumptions made and indication of 
internal events PRA modeling impact.  However, there appears to be no assessment 
provided of the potential impacts of these uncertainties to risk estimates.  
Attachment U of the LAR indicates for this F&O that the fire PRA has its own 
uncertainty analysis.  Explain how the results of the internal events uncertainty 
analysis were used to inform the fire PRA. 

 
RESPONSE: 
 
The Fire PRA has its own uncertainty analysis, and there is no documented assessment of 
the potential effects of the internal events uncertainties to the Fire PRA risk estimates.  
However, the Fire PRA model was constructed on the framework of the Internal Events PRA 
model.  Thus, the modeling assumptions and basic events or revised versions of these to 
account for internal events/fires apply to both the internal events and Fire PRA models.  
Because the nature of these assumptions and the nature of these basic events are relatively 
unchanged, the sources of uncertainty related to these aspects of the Internal Events PRA 
model carry into the Fire PRA model. 
 
The two primary areas of uncertainty involve: 
 

• Aleatory uncertainty due to inherent randomness of a stochastic process. 
• Epistemic uncertainty due to a lack of or weaknesses in the state of knowledge.  

Typically, it is only possible to model phenomenological events in a deterministic 
manner, i.e., either something occurs or it does not.  Thus, the event tree and fault 
tree logic reflects only one or, perhaps, a small set of outcomes for a given set of 
conditions.  Incompleteness of the PRA model contributes to the model’s epistemic 
uncertainty.  The risk importances of epistemic uncertainties are assessed via 
sensitivity analyses. 
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Most of the items identified in Table A8.1 of the Internal Events Quantification Report involve 
standard PRA assumptions or methods.  The types of uncertainties considered in the 
Internal Events PRA in Table A8.1 include: 
 

• System trains required to meet a function for different sequences (e.g., SRVs) 
• Systems not credited in the PRA (e.g., ADS, aux boiler) 
• Exclusion of failures modes based on low probability (e.g., pipe ruptures, manual 

valve disc failures) 
• Flow diversion included or excluded 
• System or component boundaries 
• Required support system dependencies 
• Mission and exposure times 
• Timing for Operator Actions 
• ISLOCA size definition 
• Assumed EPU thermal power 
• Assumed normal plant configuration (e.g., system alignment, inventory available) 

 
These assumptions and methods of the Internal Event PRA propagate directly into the Fire 
PRA and their effect is either assessed directly in the Fire PRA parametric uncertainty 
analysis or by sensitivity analyses.  For instance, Monte Carlo sampling was performed to 
propagate parametric uncertainties through the Fire PRA model to generate probability 
distributions for BFN Units 1, 2, and 3 fire CDF and LERF. 
 
Items such as mission times, success criteria, phenomena, accident progression definition, 
support systems and initial plant configuration, would not change due to a fire.  The sources 
of uncertainty related to these aspects of the Internal Events PRA model carry into the Fire 
PRA model.  
 
However, the uncertainties for some of the items identified in Table A8.1 required changes 
or additional investigation in the Fire PRA.  The Human Reliability Analysis assumptions 
were investigated in the context of a Fire PRA.  The Human Error Probabilities (HEPs) 
values were adjusted for fire on a fire compartment level, and new HFEs were created to 
account for recoveries that are unique to the fire model.  Similarly, new components, 
component boundaries and failure modes were considered and modeled in the Fire PRA.  In 
addition, the Fire PRA models new systems and functions such as the EHPM system, and 
rapid vessel flood-up by condensate that are not in the internal Events PRA.  The models 
were also updated to address any new plant specific scenarios for MSOs of concern for 
model completeness.  With the exception of fire-specific HRA response time considerations, 
the Internal Events PRA sequence/system success criteria were retained for the fire–
induced risk model. 
 
A review was conducted of:  1) screened initiating events from the Internal Events PRA 
model documentation, and 2) MSO effects on plant safe shutdown and on potential for new 
initiating events.  The results of this review are documented in the Component Selection 
report, subtask 7.2.1, Section 6.2, and Table 16.  The review of generic and plant-specific 
MSOs would identify any unique failure effects.  No new sequences were identified which 
were not already included in the Fire PRA model, or adequately addressed by system logic 
models as modified for the Fire PRA. 
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PRA RAI 23.g 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.  RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing ASME/ANS-RA-Sa-2009 as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established.  The primary results of a peer review are the F&Os recorded by the peer review 
and the subsequent resolution of these F&Os. 
 
Clarify the following dispositions to fire F&Os and SR assessment identified in LAR 
Attachment U that have the potential to impact the FPRA results and do not appear to be 
fully resolved: 
 

g. 4-4 (Finding against IE-C6 Not Met at CC-I/II/III)  
 
This F&O notes that instrument tap failure (i.e., leaks) are screened from the internal 
events PRA.  The F&O disposition explains that instrument lines were considered to 
contribute to the very small LOCA initiating event category, and are therefore not 
otherwise addressed.  Explain how the potential for fire-induced failure of instrument 
lines was addressed in the fire PRA.  Include discussion of potential line failure and 
the effect of impacts of fire on the pressure signal 

 
RESPONSE: 
 
Fires will not directly result in loss of integrity of a sensing line because instrument line 
piping is considered a passive mechanical component given a fire.  As described in LAR 
Attachment B, the guidance of NEI 00-01, Section 3.2.1.2, was used in assuming that fire 
damage exposure to instrument stainless steel sense line piping (i.e., non-heat sensitive 
piping material) connected to the reactor vessel does not adversely affect its ability to 
perform its pressure boundary or safe shutdown function.  
 
For instruments adversely affected by sense line fire exposure, the Fire PRA model 
assumes failure of the instrument signal by including the associated instrument sense lines 
in the fault trees along with the instruments.  The instrument was assumed to fail in a fire 
scenario if the associated sense lines were targets. 
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PRA RAI 23.h 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.   RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing ASME/ANS-RA-Sa-2009 as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established.  The primary results of a peer review are the F&Os recorded by the peer review 
and the subsequent resolution of these F&Os. 
 
Clarify the following dispositions to fire F&Os and SR assessment identified in LAR 
Attachment U that have the potential to impact the FPRA results and do not appear to be 
fully resolved: 
 

h. 4-32 (Findings against SY-A17 Not Met at CC-I/II/III, SY-A8 Met at CC-I/II/III, and 
SY-B9 Met at CC-I/II/III) 
 
The disposition to this F&O explains that per NUREG/CR-6928, "Industry-Average 
Performance for Components and Initiating Events at U.S. Commercial Nuclear 
Power Plants," external equipment used to monitor under voltage, ground faults, 
differential faults, and other protection schemes for individual breakers are 
considered part of the breaker, and therefore failures related to such equipment was 
assumed to be comprised by the failure of the breaker.  Please clarify whether the 
breaker coordination evaluation in the fire PRA would make this F&O inapplicable to 
the fire PRA.  Otherwise, explain how circuit breaker protection monitoring is 
accounted for in the fire PRA.  In particular discuss fire impact on cables associated 
with the associated protection scheme and interlocks located or extending outside of 
the cabinet where the circuit breaker is housed that could fail the function of the 
circuit breaker. 

 
RESPONSE: 
 
F&O 4-32 refers to the PRA modeling of electrical board normal and alternate power 
supplies without considering the breakers and circuitry necessary for these power supplies.  
The breaker coordination evaluation assessed the ability for protective devices to selectively 
isolate loads in the event of an electrical fault without tripping the entire power supply.  
Therefore, the breaker coordination evaluation does not make F&O 4-32 inapplicable to the 
Fire PRA. 
 
The Fire PRA model includes circuit breaker protection functions.  The cable selection for 
the required breaker protection function included cables and cables for interlocks extending 
outside of the board where the circuit breaker is housed that could fail the protection 
function of the circuit breaker.  External DC power supplies and related cables required for 
protective relay functions and trip control power for the breakers were also included as 
dependencies.  Therefore, fire effects on cables associated with the associated protection 
scheme and interlocks located or extending outside of the cabinet where the circuit breaker 
is housed that could fail the function of the circuit breaker are encompassed in the Fire PRA. 
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PRA RAI 23.j 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.   RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing ASME/ANS-RA-Sa-2009 as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established.  The primary results of a peer review are the F&Os recorded by the peer review 
and the subsequent resolution of these F&Os. 
 
Clarify the following dispositions to fire F&Os and SR assessment identified in LAR 
Attachment U that have the potential to impact the FPRA results and do not appear to be 
fully resolved: 
 

j. 5-3 (Finding against DA-B2 Not Met at CC-I/II/III) 
 

 Section 5.0 of the internal events Data Analysis report (i.e., the DA.01 - Probabilistic 
Risk Assessment - Data Analysis) states that plant specific raw data was reviewed to 
identify outlier components and that none were found; however, that review or 
related data analysis was not found in the report.  Describe how raw data was 
analyzed for outliers and criteria used to determine an outlier. 

 
RESPONSE: 
 
Outliers were identified by visually observing the data set.  No formal analysis was done.  No 
outliers were identified in any revision of the Data Analysis calculations issued following the 
Internal Events Peer Review. 
 
The Data Analysis calculation has been revised as follows to include a discussion on how 
outliers were analyzed. 
 
 Plant specific evidence (raw data) was reviewed to determine if any outlier components 

exist, that is, components within a group that have a significantly different failure rate 
than other components in the group.  This was done qualitatively through visual 
inspection of the prior versus posterior distributions for data outside the gradual trend of 
values in the overall data set.  Outlier criterion follows the generic examples highlighted 
in ASME SR DA-B2 including only components compatible with the general population 
data set.  The review of plant specific failure data did not reveal any statistically 
dissimilar results in the failure rates of components within a type code group. 
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PRA RAI 23.k 
 
Section 2.4.3.3 of NFPA 805 states that the PRA approach, methods, and data shall be 
acceptable to the NRC.   RG 1.205 identifies NUREG/CR-6850 as documenting a 
methodology for conducting a fire PRA and endorses, with exceptions and clarifications, 
NEI 04-02, Revision 2, as providing methods acceptable to the staff for adopting a fire 
protection program consistent with NFPA-805.  RG 1.200 describes a peer review process 
utilizing ASME/ANS-RA-Sa-2009 as one acceptable approach for determining the technical 
adequacy of the PRA once acceptable consensus approaches or models have been 
established.  The primary results of a peer review are the F&Os recorded by the peer review 
and the subsequent resolution of these F&Os. 
 
Clarify the following dispositions to fire F&Os and SR assessment identified in LAR 
Attachment U that have the potential to impact the FPRA results and do not appear to be 
fully resolved: 
 

k. 5-30  (Finding against DA-C13 Not Met at CC-I or /II/III) 
 

The disposition to the F&O indicates that the potential for coincident maintenance 
events was reviewed and additional discussion was added to the internal events 
Data Analysis report (i.e., DA.01 - Probabilistic Risk Assessment - Data Analysis) to 
address the impact of differences in Technical Specifications for shared systems of 
multi-unit plants related plant status.  This discussion, however, does not appear to 
be presented in the cited report.  Explain this inconsistency or describe how the 
impact of the difference in Technical Specifications for shared systems was 
addressed when determining test and maintenance unavailability. 
 

RESPONSE: 
 
A discussion is included in the DA.01 - BFN Probabilistic Risk Assessment - Data Analysis 
Calculation on how coincident maintenance events were analyzed through work week 
assessment reviews.  Revision 2 of DA.01 included the following statement to address 
Technical Specification differences on multi-unit systems:  "Shared systems at BFN are 
governed by global Tech Spec designated as Unit 0 so that unavailability of a component in 
a shared system affects the entire system for all units."  No other formal analysis of 
Technical Specification differences for multi-unit plant systems was documented.  
Unavailability data is extracted and assessed from the Cause Determination Evaluation 
reports.  These plant failure reports also document examples of multi-unit unavailability (e.g., 
an outage on Unit 2 renders a Unit 1 component unavailable).  This information allows for 
the capture of unavailability and is included as described in the plant specific test and 
maintenance unavailability section.  DA.01 has been revised to include the following: 
 

"Instances where shared systems impact unavailability on more than one unit are 
captured by the Cause Determination and Evaluation process (e.g., unavailability of a 
DG, a common Unit 1 & 2 system, during a Unit 2 outage can render an ECCS system 
unavailable on Unit 1)." 
 

The effect of differences in Technical Specifications for shared systems is also addressed by 
existing plant processes designed to identify high risk configurations involving multi-unit 
systems.  These on-line work management processes include evaluating PRA guidelines, 
Technical Specification Limiting Conditions for Operation Requirements, minimizing 
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division/train/loop/channel interferences and other procedurally driven assessments to 
ensure no coincident maintenance on multi-unit systems occur.  The Work Activity Risk 
Management procedure governs this process. 
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ENCLOSURE 2 

 

Tennessee Valley Authority 

Browns Ferry Nuclear Plant, Units 1, 2, and 3 

Summary of BFN NFPA 805 RAI Response Dates 
 

RAI Question Number Type of Response (days) Actual Date of Response 

Fire Protection Engineering (FPE) 

FPE 01 60 CNL-13-141 
December 20, 2013 

FPE 02 60 CNL-13-141 
December 20, 2013 

FPE 03 60 CNL-14-001 
January 10, 2014 

FPE 04 60 CNL-14-001 
January 10, 2014 

FPE 05 60 CNL-14-001 
January 10, 2014 

FPE 06 60 CNL-13-141 
December 20, 2013 

FPE 07 60 CNL-13-141 
December 20, 2013 

FPE 08 60 CNL-14-006 
January 14, 2014 

FPE 09 60 CNL-14-006 
January 14, 2014 

FPE 10 90 Future letter 
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RAI Question Number Type of Response (days) Actual Date of Response 

FPE 11 90 Future letter 

FPE 12 90 Future letter 

FPE 13 120 Future letter 

Safe Shutdown Analysis (SSA) 

SSA 01 60 CNL-13-141 
December 20, 2013 

SSA 02 60 CNL-14-006 
January 14, 2014 

SSA 03 60 CNL-14-006 
January 14, 2014 

SSA 04 60 CNL-13-141 
December 20, 2013 

SSA 05 60 CNL-14-001 
January 10, 2014 

SSA 06 60 CNL-14-006 
January 14, 2014 

SSA 07 60 CNL-14-001 
January 10, 2014 

SSA 08 60 CNL-13-141 
December 20, 2013 

SSA 09 60 CNL-14-006 
January 14, 2014 

SSA 10 60 CNL-14-006 
January 14, 2014 

SSA 11 60 CNL-13-141 
December 20, 2013 

SSA 12 60 CNL-13-141 
December 20, 2013 
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RAI Question Number Type of Response (days) Actual Date of Response 

SSA 13 60 CNL-14-006 
January 14, 2014 

SSA 14 60 CNL-13-141 
December 20, 2013 

SSA 15 60 CNL-14-006 
January 14, 2014 

Programmatic (PROG) 

PROG 01 60 CNL-13-141 
December 20, 2013 

PROG 02 60 CNL-13-141 
December 20, 2013 

Fire Modeling (FM) 

FM 01, part a 90 Future letter 

FM 01, part b.i 60 CNL-13-141 
December 20, 2013 

FM-01, part b.ii 60 CNL-13-141 
December 20, 2013 

FM-01, part b.iii 90 CNL-14-001 
January 10, 2014 

FM 01, part c 60 CNL-14-006 
January 14, 2014 

FM 01, part d.i 60 CNL-14-001 
January 10, 2014 

FM-01, part d.ii 90 CNL-14-001 
January 10, 2014 

FM 01, part e 60 CNL-13-141 
December 20, 2013 

FM 01, part f 60 CNL-14-001 
January 10, 2014 
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RAI Question Number Type of Response (days) Actual Date of Response 

FM 01, part g 90 Future letter 

FM 01, part h.i 60 CNL-14-001 
January 10, 2014 

FM 01, part h.ii 60 CNL-14-001 
January 10, 2014 

FM 01, part h.iii 90 Future letter 

FM 01, part i.i 120 Future letter 

FM 01, part i.ii 60 CNL-13-141 
December 20, 2013 

FM 01, part i.iii 90 CNL-14-001 
January 10, 2014 

FM 01, part i.iv 120 Future letter 

FM 01, part i.v 60 CNL-13-141 
December 20, 2013 

FM 01, part i.vi 60 CNL-13-141 
December 20, 2013 

FM 01, part i.vii 90 CNL-14-001 
January 10, 2014 

FM 01, part i.viii 60 CNL-13-141 
December 20, 2013 

FM 01, part j.i 60 CNL-13-141 
December 20, 2013 

FM 01, part j.ii 90 CNL-14-001 
January 10, 2014 

FM 02, part a 120 Future letter 

FM 02, part b 120 Future letter 

FM 02, part c 60 CNL-13-141 
December 20, 2013 
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RAI Question Number Type of Response (days) Actual Date of Response 

FM 02, part d 60 CNL-13-141 
December 20, 2013 

FM 02, part e 90 Future letter 

FM 03 60 CNL-14-001 
January 10, 2014 

FM 04 90 Future letter 

FM 05 60 CNL-14-001 
January 10, 2014 

FM 06 60 CNL-14-001 
January 10, 2014 

Probabilistic Risk Assessment (PRA) 

PRA 01, part a 60 CNL-14-001 
January 10, 2014 

PRA 01, part b 60 CNL-14-006 
January 14, 2014 

PRA 01, part c 90 CNL-14-001 
January 10, 2014 

PRA 01, part d 90 Future letter 

PRA 01, part e 120 Future letter 

PRA 01, part f 120 Future letter 

PRA 01, part g 60 CNL-14-001 
January 10, 2014 

PRA 01, part h 90 Future letter 

PRA 01, part i 60 CNL-13-141 
December 20, 2013 

PRA 01, part j 60 CNL-14-006 
January 14, 2014 
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RAI Question Number Type of Response (days) Actual Date of Response 

PRA 01, part k 60 CNL-14-001 
January 10, 2014 

PRA 01, part l 60 CNL-14-006 
January 14, 2014 

PRA 01, part m 60 CNL-14-001 
January 10, 2014 

PRA 01, part n 60 CNL-14-001 
January 10, 2014 

PRA 01, part o 120 Future letter 

PRA 01, part p 90 Future letter 

PRA 01, part q 60 CNL-13-141 
December 20, 2013 

PRA 01, part r 60 CNL-13-141 
December 20, 2013 

PRA 01, part s 90 Future letter 

PRA 01, part t 60 CNL-14-001 
January 10, 2014 

PRA 01, part u 60 CNL-13-141 
December 20, 2013 

PRA 01, part v 120 Future letter 

PRA 02 60 CNL-14-001 
January 10, 2014 

PRA 03 60 CNL-13-141 
December 20, 2013 

PRA 04 90 Future letter 

PRA 05 60 (extended to 120 days 
per electronic mail from NRC 
to TVA, dated 
January 9, 2014) 

Future letter 
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RAI Question Number Type of Response (days) Actual Date of Response 

PRA 06 60 CNL-14-001 
January 10, 2014 

PRA 07 60 CNL-14-006 
January 14, 2014 

PRA 08 60 CNL-14-001 
January 10, 2014 

PRA 09 60 CNL-14-001 
January 10, 2014 

PRA 10 90 Future letter 

PRA 11 60 CNL-14-006 
January 14, 2014 

PRA 12 120 Future letter 

PRA 13 60 CNL-14-006 
January 14, 2014 

PRA 14 60 CNL-14-001 
January 10, 2014 

PRA 15 90 Future letter 

PRA 16 90 Future letter 

PRA 17 90 Future letter 

PRA 18 60 CNL-14-001 
January 10, 2014 

PRA 19 60 CNL-14-001 
January 10, 2014 

PRA 20 120 Future letter 

PRA 21 60 CNL-14-001 
January 10, 2014 

PRA 22 60 CNL-13-141 
December 20, 2013 
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RAI Question Number Type of Response (days) Actual Date of Response 

PRA 23 60 (Part d extended to 120 
days per electronic mail from 
NRC to TVA, dated 
January 9, 2014) 

Parts c, f, i, and l: 
CNL-14-001 
January 10, 2014 
 
Parts a, b, e, g, h, j, and k: 
CNL-14-006 
January 14, 2014 
 
Part d: Future letter 

Radioactive Release (RR) 

RR 01 60 (extended to 120 days 
per electronic mail from NRC 
to TVA, dated 
January 9, 2014) 

Future letter 

RR 02 60 (extended to 120 days 
per electronic mail from NRC 
to TVA, dated 
January 9, 2014) 

Future letter 
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