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1.0 Introduction 

 
The purpose of this report is to document the final results of the U.S. Nuclear Regulatory 
Commission (NRC) staff review of the Oconee Nuclear Station (ONS) Unit 3 fire probabilistic risk 
assessment (PRA) against the requirements of Part 3 “Internal Fires at Power Probabilistic Risk 
Assessment Requirements,” of the American Society of Mechanical Engineers (ASME) and 
American Nuclear Society (ANS) combined PRA Standard, ASME/ANS RA-S-2008, “Standard for 
Level 1/Large Early Release Frequency Probabilistic Risk Assessment for Nuclear Power Plant 
Application,” (draft) (reference 1). The review is intended to determine whether the base fire 
PRA model is of sufficient technical adequacy and appropriate scope to support 
implementation of National Fire Protection Association (NFPA) standard NFPA 805, 
“Performance Based Standard for Fire Protection for Light Water Reactor Electric Generating 
Plants,” (reference 2) as allowed under Title 10 of the Code of Federal Regulations, Part 50, 
Section 48(c). This Staff review used the guidance set forth in the Nuclear Energy Institute’s 
(NEI) draft document on conducting fire PRA peer reviews, NEI 07-12, “Fire Probabilistic Risk 
Assessment Peer Review Process Guidance” (reference 3). This report supersedes the 
preliminary report (Agency wide Documents Access and Management System (ADAMS) 
Accession No. ML080940639) in its entirety. The technical results documented in this report are 
essentially unchanged from the preliminary report, although users should verify this when 
addressing specific technical facts and observations. Note that the sheet for fact and 
observation (F&O) finding HRA-A1-1 was inadvertently left out of the preliminary report and is 
included in this final report. 
 

1.1 Background 

 
NRC Staff and contractors conducted a review of the Oconee Unit 3 fire PRA model in the first 
quarter of calendar year 2008. The onsite portion of the review took place the week of 
March 17, 2008, at the Oconee site. The purpose, methodology, and other aspects of the 
review may be found in the NRC letter to Duke Power dated February 20, 2008 (reference 4). 
 
The purpose of the review was to allow the NRC staff to assess the technical adequacy of the 
base Oconee Unit 3 fire PRA model. The results of this review are expected to support the 
staff’s review of ONS’s license amendment request (LAR) to transition the ONS fire protection 
program to one based on NFPA 805, as allowed under 10 CFR 50.48(c). The NRC conducted this 
review because ONS is a NFPA 805 pilot application. 
 
ASME/ANS RA-S-2008, hereafter referred to as the PRA Standard, includes a number of 
technical requirements for assessing the technical adequacy of a fire PRA. There are thirteen 
technical elements, each addressing an area or task involved in constructing and using a fire 
PRA. The technical elements are composed of one or more high level requirements (HLRs). The 
HLRs are further broken down into one or more supporting requirements (SRs). A peer review 
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of a fire PRA model, as defined in the PRA Standard, evaluates that model against the applicable 
SRs and the HLRs. In addition to the thirteen elements, the peer review process requires the 
team to review the results of the peer review of the internal events PRA that formed the basis 
for building the fire PRA. Finally, the PRA Standard includes requirements for configuration 
control and updates to the fire PRA model, and a peer review includes an assessment of those 
requirements. 
 
The NRC staff review of the Oconee Unit 3 fire PRA model was a pre-application audit of the 
technical adequacy of the base fire PRA that will be used to support a license amendment 
request to transition the plant’s fire protection program to one based on NFPA 805, as stated 
above. Although not a peer review, the NRC staff review was conducted in accordance with the 
peer review guidelines in the PRA Standard to the extent practicable. 
 
This report documents the staff’s review of the Oconee Unit 3 fire PRA in a manner consistent 
with the requirements in the PRA Standard. The report includes not only the findings resulting 
from the NRC staff review of the fire PRA, but also information regarding review team members 
and qualifications. 
 

1.2 Scope 

 
There are 187 SRs in the fire portion of the PRA Standard if the model configuration control and 
update requirements are included. The NRC staff reviewed 172 SRs applicable to the Oconee 
Unit 3 fire PRA model. An additional two SRs could not be reviewed because ONS had not yet 
completed the uncertainty and sensitivity analysis element. 
 
The scope of this review included both estimation of core damage frequency (CDF) and large 
early release frequency (LERF) resulting from internal fire events. 
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2.0 Peer Review Process 

 
The purpose of the PRA peer review process is to provide a method for establishing the 
technical capability and adequacy of a PRA relative to expectations of knowledgeable 
practitioners, using a set of guidance that establishes a set of minimum requirements. 
 

2.1 Overview of Review Process 

 
The review consisted of the following phases: 
 
• Team member selection and training (see Section 3.0, below), 
• Up-front review (offsite) of selected fire PRA documentation, 
• On-site review of fire PRA, and 
• Development of review results and completion of review report (this report). 
 
The review of the licensee’s fire PRA model assessed the elements contained in Section 3-1 of 
the PRA Standard to the extent necessary to determine if the methodology and its 
implementation meet the requirements of that Standard. It also assessed the licensee’s process 
for maintaining configuration control of the fire PRA model in accordance with Section 1-5 of 
the PRA Standard. 
 
The review did not assess all aspects of the fire PRA; however, enough aspects of the fire PRA 
were reviewed for the reviewers to achieve consensus on the adequacy of methodologies and 
their implementation for each fire PRA element. The judgment of the assigned reviewers was 
used to determine the specific depth of the review in each fire PRA element. 
 
For each fire PRA element assessed by the review team, all HLRs and SRs were attempted to be 
assessed. Note that assessment is not necessary for an element determined to be “not 
applicable” by the review team (e.g., if no qualitative screening were performed, element “QLS” 
would not be applicable). 
 
The review team reviewed the results of the overall fire PRA and the results of each applicable 
fire PRA element to determine their reasonableness given the design and operation of the plant 
(e.g., investigation of cutset or sequence combinations for reasonableness). Section 3.2 of the 
PRA Standard requires that a peer review be performed using a written methodology that 
assesses and addresses the requirements of Section 3-1 of PRA Standard. A review plan fulfilling 
this requirement for a written methodology was provided in the February 20, 2008, letter to 
Duke Energy (reference 4). 
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2.2 Assignment of Capability Categories 

 
Section 3 of the PRA Standard presents the fire PRA assessment technical SRs. These 
requirements are specified in terms of Capability Category requirements with, in many cases, 
increasing scope and level of detail, increasing plant-specificity, and increasing realism as SRs 
satisfy Capability Category I through Capability Category III. See Table 1.3-1 of the ASME PRA 
Standard (reference 5). 
 
For a peer review against the PRA Standard, the applicable portions of a host utility’s fire PRA 
will be reviewed against the applicable ASME Fire PRA Standard SRs in Section 3 (per review 
plan [reference 4] Section II) 
 

Table 2-1. Interpretation of Supporting Requirements1 

Action Statement Spans 
Peer Review 

Finding 
Interpretation of the Supporting 

Requirement 
Meets SR Capable of supporting applications in 

all Capability Categories  
All Three Capability 
Categories (I/II/III) 

Does not meet SR Does not meet minimum standard 
Meets Individual 

SR 
Capable of supporting applications 
requiring that Capability Category or 
lower 

 
Single Capability 

Category 
(I or II or III) Does not meet 

any SR 
Does not meet minimum standard 

Meets SR for 
CC I/II 

Capable of supporting applications 
requiring Capability Category I or II 

Meets SR for 
CC III 

Capable of supporting applications in 
all Capability Categories 

 
 

Lower Two Capability 
Categories (I/II) 

Does not meet SR Does not meet minimum standard 
Meets SR for 

CC II/III 
Capable of supporting applications in 
all Capability Categories 

Meets SR for CC I Capable of supporting applications 
requiring Capability Category I 

 
 

Upper Two Capability 
Categories (II/III) 

Does not meet SR Does not meet minimum standard 
 
 
 

                                                      
 
1 This is a reproduction of Table 1 from NEI 05-04 (reference 8). 
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3.0 Staff Review Team Member Selection and Training 

 
The review was conducted by a team of NRC staff and contractors who individually and 
collectively meet the experience requirements in PRA Standard (reference 1). The team was 
assigned review areas within their expertise and reviewed documentation, discussed questions 
with the licensee fire PRA practitioners, reviewed fire PRA model elements (e.g., event trees, 
fault trees) and reviewed risk assessment results. 
 
The PRA Standard requires that peer review team members’ collective qualifications include: 
 
• The ability to assess all the PRA Elements of Part 3 of the PRA Standard and the 

interfaces between those elements, 
• Knowledge of the plant Nuclear Steam Supply System (NSSS) design, containment 

design, and plant operation, 
• Knowledge of: systems engineering; fire PRA; Appendix R or equivalent fire safe 

shutdown analysis; circuit failure analyses; fire modeling; and fire protection programs 
and their elements. 

 
Part 3 of the PRA Standard requires individual peer reviewers to: 
 
• Be knowledgeable of the requirements in this Standard for their area of review 
• Be experienced in performing the activities related to the fire PRA Elements for which 

the reviewer is assigned, 
• Not be allowed to review their own work or work for which they have contributed, 
• Not be allowed to review a fire PRA for which they have a conflict of interest, such as a 

financial or career path incentive or disincentive that may influence the outcome of the 
peer review 

 
The NRC Review team member are knowledgeable (by direct experience) of the specific 
methodology, code, tool, or approach that was used in the fire PRA element assigned for their 
review. The team members assigned to review each element have experience specific to the 
area and are capable of recognizing the impact of plant specific features on the analysis. 
 
A training session on the PRA Standard was developed by Dr. G. Parry and presented to team 
members on January 9, 2008. All members who participated in the staff review of the fire PRA 
model attended that training or self-studied the presentation materials. 
 

3.1 Peer Review Schedule and Reviewer Assignment 

 
The NRC Review team for the Oconee Unit 3 fire PRA consisted of ten members. Eight of the 
members were NRC personnel, including the team leader/facilitator and the remaining 



 
  Oconee Unit 3 Fire PRA Pre-Submittal Audit
 

June 24, 2008 - 6 - 
 

members are fire risk assessment consultants. Seven of the reviewers had previously 
participated as reviewers in Westinghouse Owners Group (WOG) or other owners group PRA 
peer reviews and/or program pilot reviews. 
 
Table 3-1 summarizes the qualifications of the individual team members. Appendix C contains 
the resumes of the peer review team members. 
 

3.2 Statement of Independence 

 
The resumes in Appendix C document that each reviewer: 
 

1)  is NOT assigned to review his/her work, and 
2) DOES NOT have a conflict of interest in performing this fire PRA review 

 
This satisfies the independence requirements of the PRA Standard. 
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Table 3-1. Summary of Oconee Unit 3 Fire PRA Reviewer Qualifications by Review Element 
  Area \ Individual Dinsmore Gallucci Hyslop Lain Laur McCann Mitchell Nowlen Parry Vettori 

PP Plant Partitioning X   X   X X  X 
ES Equipment Selection** X X    X X    
CS Cable Selection and 

Location 
     X X X   

QLS Qualitative Screening X   X    X   
PRM FPRA Plant Response 

Model** 
X X   X    X  

FSS Fire Scenario Selection 
and Analysis 

X  X     X  X 

IGN Ignition Frequency X X  X    X   
QNS Quantitative Screening X X      X   
CF Circuit Failures      X  X   

HRA Human Reliability 
Analysis** 

X        X  

SF Seismic Fire    X    X   
FQ Fire Risk 

Quantification** 
X X   X    X  

UNC Uncertainty and 
Sensitivity Analysis** 

 X       X  

MUD PRA Configuration 
Control 

X  X X X    X  

    
    indicates assigned review area (at least 1 reviewer must be qualified in each area) 
  X indicates qualified per resume 
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Table 3-2. Collective Team Qualifications for Oconee Unit 3 Fire PRA Review 

Area \ Individual Dinsmore Gallucci Hyslop Lain Laur McCann Mitchell Nowlen Parry Vettori 

Knowledge of Parts 1 and 3 of 
ASME/ANS RA-S-2008  

X X X      X  

Knowledge of FPRA,  
NUREG/CR-6850 

X X X    X X X  

Appendix R/Safe Shutdown 
Analysis 

     X X    

Nuclear Steam System Supplier 
Design 

 X     X    

Circuit Failure Analysis      X X X   

Containment Design       X    

Plant Operations     X  X    

Fire Modeling        X  X 

Systems Engineering  X     X    
Fire Protection 
Programs/Elements 

   X    X   

Industry or Similar PRA Peer 
Review Experience 

X X   X    X  

   
 X indicates qualified per resume 
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4.0 Summary of Review Results 

 
The NRC review team noted that the Oconee Unit 3 fire PRA is not yet complete, although all 
tasks but one have been started and many of the tasks have been completed. The areas 
requiring the most additional work include resolution of internal events PRA peer review 
comments, fire modeling (especially multi-compartment analysis), identification and 
refinement of higher risk scenarios, and completion of an uncertainty analysis. The NRC team 
noted that work continues to be done by Duke Energy staff to finalize the fire PRA.  
 
For the above reasons, the NRC staff review of the Oconee Unit 3 baseline fire PRA cannot be 
regarded as sufficient for determination of technical adequacy to support risk-informed 
applications in general. A focused review of those portions of the fire PRA that change 
substantially in the time between the staff review and the plant’s NFPA 805 submittal may be 
necessary. 
 

4.1 General Findings and Results 

 
There were a number of findings and suggestions2 as the result of the NRC staff review of the 
Oconee Unit 3 Fire PRA model. The detailed facts and observations (F&Os) are in the next 
section. The findings included the following: 
 

• Fire PRA model developed before resolving current PRA model issues 
o Issues from 2006 Maracor review not resolved 
o Internal events PRA model upgrade in progress parallel to fire PRA development 
o Un-reviewed and undocumented 2005 fire PRA logic used in current fire PRA for 

a few scenarios 
o Documentation describing LERF analysis needs improvement 

• Issues with fire modeling 
o Open issue regarding cables with Polyvinyl Chloride (PVC) jackets (horizontal 

propagation of fires; failure threshold with pooling of PVC at the cables) 
o Fire brigade response time with respect to hot gas layer formation 
o Requirements for treatment of multi-compartment fire scenarios not met 

                                                      
 
2 Findings and Suggestions are discussed in NEI-07-12, “Fire Probabilistic Risk Assessment (FPRA) Peer Review 
Process Guidelines Draft Version F” (reference 3). A finding is an issue or discrepancy that is necessary to address 
to ensure the technical adequacy of the PRA, the capability/robustness of the PRA update process, or the process 
for evaluating the necessary capability of the PRA technical elements to support applications. A suggestion is an 
observation considered desirable to maintain maximum flexibility for PRA applications and consistency with 
industry practices. Failing to resolve a suggestion should have no significant impact on the PRA results or the 
integrity of the PRA. 
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o Documentation of boundaries; general nature and key or unique features of 
partitions 

o Plant response model and quantification 
o Choice of initiating event to use for a given fire scenario not documented or 

justified. Inconsistent treatment (most fire scenarios utilize a selected transient 
initiator from the internal events PRA model, but a couple cases use fire 
initiating events from the un-reviewed 2005 fire PRA logic) 

o Convergence of results for selected truncation limit not demonstrated 
o Use of nominal human error probabilities (HEPs) during quantification may result 

in cutset loss due to truncation 
o Have not identified significant contributors in accordance with definitions in the 

PRA Standard; inconsistencies between LERF and CDF cutsets not explained 
o Potential issue regarding breaker coordination analysis 

• Human reliability analysis 
o No documentation for how procedures (alarm response, emergency, abnormal 

operating, and safe-shutdown facility) are followed given a fire 
o No documentation on why the Internal Events PRA human failure events (HFEs) 

are still valid 
o Basis for HEP adjustment process not documented 
o HFEs added for the 2005 fire PRA are not developed to the same level of detail as 

the other HFEs in the model. 
o Several issues regarding human reliability analysis (HRA) timing (relative timing 

of the HFEs in the accident scenarios; adjustment of HEP based on time from cue 
rather than from fire; dependency based on comparison of cognitive times 
rather than time separation) 

• The seismic fire element is not complete (need to evaluate suppression diversion; fire 
pre-plan does not cover seismic; seismic plant response procedure does not cover fire) 

• One area not performed (uncertainty and sensitivity analysis) 
 
About 43 percent of the HLRs had one or more SR that was not met. While HLRs are not 
assigned capability categories as are the SRs, all applicable SRs must be met at some level in 
order to conclude that the HLR has been satisfied. As summarized Table 4-1 below, only two 
percent of the applicable HLRs were in areas that could not be reviewed at the time of the NRC 
staff review. Table 4-6 provides a detailed summary of each HLR. 
 

Table 4-1. High Level Requirements Overview 

High Level Requirements Status: # % 

HLRs with "Not Met" SRs 22 43% 
HLRs not Ready for Review 1 2% 
HLRs with all SRs "Met" 28 55% 

Total Applicable HLRs: 51 100% 
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Table 4-2 shows that almost 80 percent of the applicable SRs were met. About 19 percent of 
the SRs that were not met were in areas of the model that were mostly complete; the 
remaining two SRs (about one percent) were in areas that were in-progress or not done. Two 
caveats are associated with the SRs that are shown as “met.” First, in some areas the Oconee 
Unit 3 fire PRA is still being refined, and an update to the internal events model is in progress. 
To the extent that changes made to the fire model are substantive, additional or follow-on 
review of those changes may be warranted (e.g., through a focused peer review of those areas). 
The second caveat is that the assigned capability categories apply to the base Oconee Unit 3 
fire PRA model. Oconee will need to determine what capability category is necessary to support 
a given risk-informed application, such as transition to NFPA 805. 
 
Table 4-7 provides a summary of all the F&O, detailed F&O sheets from the review are included 
as Appendix B. A summary of the review of all SRs is included as Appendix A. 
 

Table 4-2. Supporting Requirements Overview 

Supporting Requirements Status # % 

SRs Not Met - Model Appears Ready 33 19% 

SRs Not Reviewed – Model Not Ready 2 1% 

SRs Appeared to be Met 139 80% 

Total: 157 100% 
 

4.2 Detailed Findings of the NRC Staff Review 

 
The individual assessment of each SR that supports the HLRs, organized by PRA Standard 
technical element is included in Appendix A. Detailed findings, in the form of F&O review 
sheets, organized by PRA Standard technical element are included in Appendix B. 
 
As shown in Table 4-3, the NRC review team identified 41 findings and 25 suggestions, for a 
total of 66 F&Os. 
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Table 4-3. Oconee Unit 3 Fire PRA - Number of F&Os by Element 
F&O Type   

  
  

Element Finding Suggestion 
- Internal Events Peer Review 2  

PP Plant Partitioning 3 2 
ES Equipment Selection   
CS Cable Selection and Location 2  

QLS Qualitative Screening 1  
PRM FPRA Plant Response Model 2 3 
FSS Fire Scenario Selection and Analysis 13 9 
IGN Ignition Frequency 1 3 
QNS Quantitative Screening   
CF Circuit Failures  3 

HRA Human Reliability Analysis 6 2 
SF Seismic Fire 3  
FQ Fire Risk Quantification 5  

UNC Uncertainty and Sensitivity Analysis 1  
MUD PRA Configuration Control 2 3 

 Total: 41 25 
 
 
Table 4-4 shows the number of supporting requirements that were “not met” in each HLR. An 
HLR is designated by the element abbreviation followed by a letter; for example, PP-A. 
 
Table 4-5 shows the number of SRs in each element that met a given capability category. It 
includes the number of SRs that did not meet any capability category, and includes designators 
for “not reviewed (NR)” and “not applicable (NA).” The NR designation is applied to SRs that 
should have been met but, owing to the fire PRA model not being completed, could not be 
evaluated by the NRC review team. 
 

4.2.1 Internal Events Peer Review 

 
The combined PRA standard states that the review team should verify that the internal events 
PRA has been reviewed against the internal events elements, high-level requirements and 
supporting requirements, and that the fire PRA review team should review the outcome of that 
effort. It further states that results of the internal events PRA review shall be used in support of 
the determination of the capability category for supporting requirements in the fire PRA 
standard that reference requirements from the internal events section. 
 
The most recent peer review was performed in 2006 by Maracor on Revision 3a of the Oconee 
PRA, developed in March 2005. The peer review identified 159 supporting requirements as 
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“partially met” at Capability Category II, 103 “not met” at Capability Category II, 21 met at 
Capability Category I. There were 23 supporting requirements that were determined to be 
“indeterminate.” 
 
Oconee personnel determined that all but 60 of the Maracor issues were not valid findings, but 
documentation to justify these determinations was not provided. From these Oconee 
determined that 31 were important to the fire PRA. 
 
Section 1-6.6.2 of the PRA standard states: “Resolution of Peer Review Team comments shall be 
documented. Exceptions to the alternatives recommended by the Peer Review team shall be 
justified.” This portion of the standard was not met with respect to the issues identified for the 
Oconee internal events PRA (F&O finding IEPRA-1) 
 
The NRC staff review team attempted to identify the Maracor issues that potentially affect the 
linkage between the internal events PRA and the fire PRA. Oconee staff was questioned 
regarding the status of these "issues," and their responses were reviewed. Of the "issues," the 
one related to "Human Reliability (HR) Post-Initiator Recoveries" requires particular attention 
with regard to the linkage between the internal events PRA and fire PRA. The staff provided 
other comments as well (see F&O finding IEPRA-2). 
 
Note that the NRC staff did not perform a detailed review of the internal events PRA model or 
of the specific issues identified by Maracor. The staff identified a subset of the issues that may 
impact the fire PRA, but the list should not be considered all-inclusive. Resolution of F&O 
IEPRA-2 should not focus on the comments provided herein; the Oconee staff should 
disposition all the issues identified in the Maracor peer review. Any interface with resolution of 
F&O finding PRM-B1-1 should be addressed as well. 
 
There were two findings and no suggestions for the SRs for this HLR. 
 

4.2.2 Plant Partitioning 

 
This element defines the physical boundaries of the analysis (i.e., the locations within a plant 
where fire scenarios are postulated), and divides the various volumes within that boundary into 
physical analysis units generally referred to as “fire areas” or “fire compartments.” Fire is a 
highly spatial phenomenon; hence, fire PRA quantification and reporting is generally organized 
in accordance with the physical divisions (the physical analysis units) defined during plant 
partitioning. 
 
There are 12 SRs for this HLR for which there were three findings and two suggestions. 
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4.2.3 Equipment Selection 

 
This element identifies (and locates) the set of plant equipment that will be included in the fire 
PRA. This includes: a) equipment that, if damaged as a result of a fire will lead to a plant trip (or 
other initiating event) either directly or as a result of operator action in response to a fire, b) 
equipment required to respond to each of the initiating events identified, and c) equipment 
whose spurious operation as a result of a fire will adversely affect the response of systems or 
functions required to respond to a fire. Equipment selection must occur in close coordination 
with the fire PRA plant response model element because the plant response model defines the 
initiating events to be considered in the fire PRA. Selected equipment is also mapped to the fire 
compartments defined in the PP element. This mapping information is needed to complete the 
Qualitative Screening (QLS) and Fire Scenario Selection and Analysis (FSS) elements. 
 
There are 15 SRs for this HLR for which there were no findings and no suggestions. 
 

4.2.4 Cable Selection and Location 

 
This element identifies (and locates) (a) cables that are required to support the operation of fire 
PRA equipment selected (see element ES), and (b) cables whose failure could adversely affect 
credited systems and functions. This element includes an assessment of cable failure modes 
and effects including consideration of fire-induced spurious operations. Equipment failure 
mode information is used in the Plant Response Model (PRM) element to ensure that all 
potentially risk-relevant equipment failure modes are included in the plant response model 
(e.g., loss of function failures versus spurious operation). Selected cables are also mapped to 
the fire compartments defined in the PP element. This mapping information is needed to 
complete the Qualitative Screening (QLS) and Fire Scenario Selection and Analysis (FSS) 
elements. 
 
There are 16 SRs for this HLR for which there were two findings and no suggestions. 
 

4.2.5 Qualitative Screening 

 
This element identifies fire compartments that can be assumed to have little or no risk 
significance without quantitative analysis. (QLS only considers compartments as individual 
contributors. All compartments are reconsidered as a part of the multi-compartment fire 
scenario analysis (see HLR-FSS-E.) Qualitative screening is based on the fire compartments 
defined in element PP and on the equipment and cable location information provided by 
elements ES and CS. Any fire compartment that fails to satisfy the qualitative screening criteria 
is retained for further analysis. 
 
There are seven SRs for this HLR for which there was one finding and no suggestions. 
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4.2.6 Fire PRA Plant Response Model 

 
This element involves the development of a logic model that reflects the plant response 
following a fire. The fire PRA plant response model is central to the quantification of fire risk 
and is exercised in the Fire Risk Quantification (FQ) element to quantify conditional core 
damage probability (CCDP) and conditional large early release probability (CLERP) values for 
selected fire scenarios. This model is commonly constructed based on an Internal Events PRA 
model that is then modified to include only those initiating events that can result from a fire, to 
include unique additional equipment failure modes, such as spurious operation, not addressed 
in an Internal Events PRA model, and to reflect fire-specific plant procedures and operator 
actions (e.g., alternate and remote shutdown actions). 
 
There are 22 SRs for this HLR for which there were two findings and three suggestions. 
 

4.2.7 Fire Scenario Selection and Analysis 

 
In this element, fire scenarios are selected, defined, and analyzed in order to represent the 
collection of fire events that might contribute to plant fire risk. The purpose of the fire scenario 
analysis is to quantify the likelihood that, given ignition of a fire, fire-induced damage to 
selected equipment and cables (as defined in the ES and CS elements) occurs. The result is 
expressed for each fire scenario as a) a set of cable and equipment failures, including 
specification of the failure modes, reflecting the loss of a specific set of damage targets and b) a 
conditional probability that given the fire, the postulated cable and equipment failures are 
realized (potentially including both a severity factor and a non-suppression probability). These 
results are fed forward to the FQ element for incorporation into the final risk calculations. 
 
There are 50 SRs for this HLR for which there were 13 findings and nine suggestions. 
 

4.2.8 Ignition Frequency 

 
This element estimates the frequency of fires (expressed as fire ignitions per reactor-year). Fire 
frequencies are ultimately estimated for each selected fire scenario (from the FSS element) and 
can be developed for a compartment as a whole, for a group of ignition sources, or for a 
specific individual ignition source depending on the nature of the fire scenario. The ignition 
frequency values are fed forward to the FQ element for incorporation into the final risk 
calculations. 
 
The following Note (3) from Table 4.5.1-2(c) of ASME RA-Sb-2005 under HLR-IE-C applies 
throughout HLR-IGN. Note that the IGN SRs for the Oconee fire PRA were not evaluated against 
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this Note because this Note was not followed in developing the generic ignition frequencies in 
NUREG/CR-6850, the currently acceptable source for generic ignition frequencies. It is 
anticipated that NUREG/CR-6850 will correct their frequencies (either through the NFPA 805 
frequently asked question (FAQ) process or another revision) to align with the Note. 
Nonetheless, this Finding (applicable to all related SRs under HLR-IGN) is to ensure compatibility 
with the requirement of Note (3) to Table 4.5.1.2(c) of ASME RA-Sb-2005 (HLR-IE-C) throughout 
HLR-IGN for the Oconee fire PRA. Here is the Note. "For the computation of average annual 
CDF/LERF … the appropriate units for initiating event frequency are events per calendar year, 
commonly expressed as events per reactor-year, where a reactor-year is one full calendar of 
experience for one reactor." Additional detail as to how to perform the appropriate calculation 
can be found in the Note. 
 
There are 15 SRs for this HLR for which there were one finding and three suggestions. 
 

4.2.9 Quantitative Screening 

 
This element involves the screening of fire compartments based on their quantitative 
contribution to fire risk. [As with QLS, element QNS only considers physical analysis units as 
individual risk contributors. All physical analysis units are reconsidered as a part of the multi-
compartment fire scenario analysis (see HLR-FSS-E).] Physical analysis units (PAUs) whose 
contribution to fire risk is shown to meet the quantitative screening criteria need not be 
analyzed in additional detail. 
 
There are six SRs for this HLR for which there were no findings and no suggestions. 
 

4.2.10 Circuit Failures 

 
This element refines that treatment of fire-induced cable failures and their impact on the plant 
equipment, systems, and functions included in the fire PRA plant response model. This element 
also estimates the relative likelihood of various circuit failure modes such as loss of function 
failures versus spurious operation failures. Quantified circuit failure mode likelihood estimates 
are incorporated into the fire PRA plant response model (developed under element PRM) as a 
part of CCDP and CLERP quantification in element FQ. 
 
There are three SRs for this HLR for which there were no findings and three suggestions. 
 

4.2.11 Human Reliability Analysis 

 
This element considers operator actions as called out in the relevant plant fire response 
procedures. It also includes the identification of HFEs for inclusion in the fire PRA plant 
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response model. The HRA element also includes the quantification of HEPs for the modeled 
actions which are fed forward to element FQ in support of the CCDP and CLERP calculations for 
each selected fire scenario from element FSS.  
 
There are eight SRs for this HLR for which there were six findings and two suggestions. 
 

4.2.12 Seismic Fire 

 
This element involves a qualitative review of potential interactions between an earthquake and 
fire that might contribute to plant risk. This element does not include quantitative estimates of 
the risk associated with such interactions, but rather, seeks to ensure that such interactions 
have been considered and that steps are taken to ensure that the potential risk contributions 
are not significant. 
 
There are six SRs for this HLR for which there were three findings and no suggestions. 
 

4.2.13 Fire Risk Quantification 

 
This element involves the quantification and presentation of fire risk results. In this element the 
fire PRA plant response model (developed under element PRM), modified to include additional 
HFEs as identified in the HRA, is exercised for each fire scenario (as defined in element FSS). 
CCDP and CLERP values are calculated based on translation of the cable and equipment failures 
for each scenario, including specification of the failure modes, into PRM basic events, 
quantitative equipment failure mode values (from element CF), and HEP values (from element 
HRA). Final quantification mathematically combines the calculated CCDP/CLERP values with the 
corresponding fire frequency (IGN) and the conditional probability of fire damage (potentially 
including both a severity factor and non-suppression probability (FSS)) to yield estimates of fire 
risk in the form of CDF and LERF. 
 
There are ten SRs for this HLR for which there were five findings and no suggestions. 
 

4.2.14 Uncertainty and Sensitivity Analysis 

 
This element involves the identification and treatment of uncertainties throughout the fire PRA 
process. Not reviewed. The analysis is not yet at the stage where the assessment of parameter 
uncertainty is necessary and it was not performed. 
 
There are three SRs for this HLR, for which there was one finding and no suggestions. 
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4.2.15 PRA Configuration Control 

 
This is required in Section 1-5 of the PRA Standard, but not called out as an “element”. 
 
There are 14 SRs for this HLR for which there were two findings and three suggestions. 
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Table 4-4. Results Summary: Oconee Unit 3 Fire PRA High Level Requirements 

Number of Supporting Requirements "Not Met"   
  

  
Element A B C D E F G H 

- Internal Events Peer Review -               
PP Plant Partitioning  2 1           
ES Equipment Selection             
CS Cable Selection and Location  1 1           

QLS Qualitative Screening 1              
PRM FPRA Plant Response Model  1 NA 1         
FSS Fire Scenario Selection and Analysis 1  1    6 2 
IGN Ignition Frequency               
QNS Quantitative Screening             
CF Circuit Failures               

HRA Human Reliability Analysis  1 1  1       
SF Seismic Fire 3              
FQ Fire Risk Quantification 1 1 1  1 1     

UNC Uncertainty and Sensitivity Analysis NR               
MUD PRA Configuration Control  3   1      

 Sum: 6 9 5 1 3 1 6 2 
 



 
  Oconee Unit 3 Fire PRA Pre-Submittal Audit
 

June 24, 2008 - 20 - 
 

 
Table 4-5. Results Summary: Oconee Unit 3 Fire PRA Supporting Requirements 

 Element Not Met Met 1 1&2 2 2&3 3 Not Rev NA 
- Internal Events Peer Review          

PP Plant Partitioning 3 6 1   1   1 
ES Equipment Selection  8 1  2  4   
CS Cable Selection and Location 2 13 1       

QLS Qualitative Screening 1 6        
PRM FPRA Plant Response Model 2 18       2 
FSS Fire Scenario Selection and 

Analysis 
10 20 6 5 4 1 1  3 

IGN Ignition Frequency  10     3  2 
QNS Quantitative Screening  5 1       
CF Circuit Failures  2    1    

HRA Human Reliability Analysis 3 3       2 
SF Seismic Fire 3 3        
FQ Fire Risk Quantification 5 4       1 

UNC Uncertainty and Sensitivity 
Analysis 

       2 1 

MUD PRA Configuration Control 4 9       1 

 Totals: 33 107 10 5 6 3 8 2 13 
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Table 4-6. High Level Requirements 

HLR HLR Description HLR Summary (From Review) 
HIGH LEVEL REQUIREMENTS FOR PLANT PARTITIONING (PP) 

HLR-PP-A The FPRA shall define the global 
boundaries of the analysis so as to 
include all plant locations relevant to 
the plant-wide FPRA. 

Review of documentation and a plant tour show that the global boundaries 
do include all plant locations relevant to the plant-wide FPRA. 

HLR-PP-B The FPRA shall perform a Plant 
Partitioning analysis to identify and 
define the physical analysis units to 
be considered in the FPRA. 

HLR-PP-B is not fully met because SRs, PP-B2 and PPB-3 have not been met. 
However, the failure to meet these two SRs does not appear to have had an 
adverse impact on the analysis quality or completeness. The analysis has 
applied a fire scenario development methodology that is somewhat 
different from the FPRA structure embodied in the standard. Fire 
Compartments are based on Fire Zones rather than Fire Areas. The turbine 
building Fire Compartments do not all have walls that would contain a fire, 
but do correspond to areas that a fire could be reasonably be confined to by 
suppression. PP-B2 and PP-B3 include a requirement to justify that physical 
analysis unit boundaries are "sufficient to substantially contain the 
damaging effects of fires" when crediting non-rated walls/floors/ceiling 
elements or spatial separation as a partitioning element - this was not done.
 
However, the analysis has, in effect, not exercised the assumption that the 
partitions will "substantially contain the damaging effects of fires." Instead, 
in the development of fire scenarios, physical analysis unit boundaries have 
been ignored in assessing the zone of influence for the fire scenarios. That 
is, the individual fire scenarios in such physical analysis units inherently 
capture multi-compartment fire damage. The approach taken is reasonable 
in view of the large area of the turbine building. The multi-compartment fire 
modeling needs to be reviewed carefully to insure that it properly handles 
postulated fires that could spread across some Fire Compartments 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-PP-C The FPRA shall document the results 

of the Plant Partitioning analysis in a 
manner that facilitates FPRA 
applications, upgrades, and peer 
review. 

The plant described the global analysis boundary and this boundary includes 
all structures and equipment that could reasonably be expected to be 
included in the analysis. 
 
The Equipment Selection Report, OSC-8979, does not adequately describe 
the general nature and key/unique features of each Fire Compartment. Its 
usability could be improved by adding details describing the physical 
boundaries of the Fire Compartments. 

HIGH LEVEL REQUIREMENTS FOR EQUIPMENT SELECTION (ES) 
HLR-ES-A The FPRA shall identify equipment 

whose failure caused by an initiating 
fire including spurious operation will 
contribute to or otherwise cause an 
initiating event. 

All Supporting Requirements were met. 

HLR-ES-B The FPRA shall identify equipment 
whose failure including spurious 
operation would adversely affect the 
operability/functionality of that 
portion of the plant design to be 
credited in the FPRA. 

The plant uses the ARTAK database to list selected equipment, associated 
cables, and interrelationships between them. This database has above-
average tracking of changes, and includes detailed references to original 
plant drawings such as electrical schematics, piping and instrumentation 
diagrams (P&IDs), etc. 
 
Spurious operation is included in the analysis to at least the level of 2 
spurious operations for valves in series and spurious operation of all valves 
was analyzed for the case of multiple valves in parallel. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-ES-C The FPRA shall identify 

instrumentation whose failure 
including spurious operation would 
impact the reliability of operator 
actions associated with that portion 
of the plant design to be credited in 
the FPRA. 

The plant identified instrumentation that could affect the reliability of 
operator actions during a fire event. A simulator review was conducted, 
resulting in 6 instruments being added to the equipment list, based in part 
on errors made by operators during scenarios. 
 
A "list of safe shut down (SSD) devices affected by valid process 
parameters" was provided to the inspection team with ES, ICS, and ICCM 
groups of instruments. 

HLR-ES-D The FPRA shall document the FPRA 
equipment selection, including that 
information about the equipment 
necessary to support the other FPRA 
tasks (e.g., equipment identification; 
equipment type; normal, desired, 
failed states of equipment; etc.) in a 
manner that facilitates FPRA 
applications, upgrades, and peer 
review. 

The ARTRAK database provides excellent documentation of the equipment 
selection, including the reference material that the information was 
originally obtained from, and a detailed change history including who made 
the change, the date of the change, and a brief synopsis of the change made

HIGH LEVEL REQUIREMENTS FOR CABLE SELECTION AND LOCATION (CS) 
HLR-CS-A The FPRA shall identify and locate the 

plant cables whose failure could 
adversely affect credited equipment 
or functions included in the FPRA 
plant response model, as determined 
by the Equipment Selection process 
(HLR-ES-A, HLR-ES-B, and HLR-ES-C). 

All Supporting Requirements were met. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-CS-B The FPRA shall (a) perform a review 

for additional circuits that are either 
required to support a credited circuit 
(i.e., per HLR-CS-A) or whose failure 
could adversely affect a credited 
circuit, and (b) identify any additional 
equipment and cables related to 
these additional circuits consistent 
with the other equipment and cable 
selection requirements of this 
Standard. 

Plant personnel self-identified some issues with overcurrent coordination 
during the inspection. The plant is working to resolve issues with molded-
case circuit breaker instantaneous overcurrent tripping coordination. 

HLR-CS-C The FPRA shall document the cable 
selection and location process and 
results in a manner that facilitates 
FPRA applications, upgrades, and peer 
review. 

The cables associated with a particular equipment item are listed with the 
item in ARTAK. The ARTRAK database facilitates FPRA applications, 
upgrades, and peer review, allowing the user to "fail" a cable or component, 
or specify failure of all equipment in a particular Fire Compartment, from 
this it will provide any additional equipment that is taken out of service or 
impaired by the postulated failures. The ARTAK database includes reference 
to original plant documents such as P&I Drawings for cable routing and for 
which cables are connected to an equipment The ARTAK database 
maintains a record of all changes, including which authorized user made the 
change and when it was made. 

HIGH LEVEL REQUIREMENT FOR QUALITATIVE SCREENING (QLS) 
HLR-QLS-A The FPRA shall identify those physical 

analysis units that screen out as 
individual risk contributors without 
quantitative analysis. 

Initial boundary is Owner Controlled area. Building and structure level 
physical analysis units (PAUs) identified and qualitatively screened out. One 
SR not met because resolution of 4 PAUs not finalized. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-QLS-B The FPRA shall document the results 

of the qualitative screening analysis in 
a manner that facilitates FPRA 
applications, upgrades, and peer 
review. 

Extensive tables identifying final disposition of all PAUs and ignition sources 
(aside from 4 PAUs unresolved). 

HIGH LEVEL REQUIREMENTS FOR FIRE PRA PLANT RESPONSE MODEL (PRM) 
HLR-PRM-A The FPRA shall include the FPRA plant 

response model capable of supporting 
the HLR requirements of FQ. 

Large fault tree model capable of collecting inputs and estimating fire CDFs 
and LERFs by combining equipment failures with ignition frequencies in the 
logic model. However, resolution of the findings from the Maracor review 
has not been completed and needs to be completed. 

HLR-PRM-B The FPRA plant response model shall 
include fire-induced initiating events, 
both fire-induced and random failures 
of equipment, fire-specific as well as 
non-fire related human failures 
associated with safe shutdown, 
accident progression events (e.g., 
containment failure modes), and the 
supporting probability data (including 
uncertainty) based on the SRs 
provided under this HLR that parallel, 
as appropriate, the ASME PRA 
Standard for Internal Events PRA. 

The net change from the internal events PRA3 (including a Fire Event tree 
developed in 2005) to the 2008 integrated model needs to be fully 
explained and documented as part of the FPRA report. Although some of 
the FPRA documentation discussed new logic modes and scenarios, utility 
and contractor PRA personnel stated repeatedly that no new logic models 
were needed. Both would be correct if the documentation on new models 
and scenarios dealt with evaluations that were performed, but the results of 
the evaluations were that it was not necessary to actually change the logic 
models. These results and conclusions were not, however, provided in the 
documentation. 

                                                      
 
3 The 2005 PRA introduced several fire ignition sources (e.g., cable shaft, turbine building, 4 kv switchgear) that were mapped into the existing accident 
sequence (and event tree) initiated by a HELB. The 2008 PRA modified some of these ignition sources, introduced others mapping into the ones that remained 
after the modification, and created new ones that were mapped into existing accident sequences (and event trees) initiated by various transients. One in 
particular is a spuriously-actuated deboration. Both the 2005 and 2008 modifications should be viewed collectively as transforming the internal events PRA 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-PRM-C The FPRA plant response model shall 

be expanded to include new 
contributors because of additional 
spurious operation considerations 
following a review of the results 
produced in meeting Section 4.16 of 
this Standard. 

Expert panel met and identified potential new scenarios caused by spurious 
operation but, according to utility and contractor personnel, no changes 
were needed to the PRA. 

HLR-PRM-D The FPRA shall document the FPRA 
plant response model in a manner 
that facilitates FPRA applications, 
upgrades, and peer review. 

The documentation is incomplete and inconclusive. New, fire specific failure 
modes and potential changes are discussed throughout the documents but 
the final resolution of these evaluations is not clear and sometimes 
contradicts what the utility and contractor personnel stated. 

                                                                                                                                                                                                                                            
 
into an integrated model that includes fire. The net change from the 2005 internal events PRA to the 2008 integrated model needs to be fully explained and 
documented as part of the FPRA report. Included would be explanation as to which sequences (i.e., event tree branches) for ignition sources (such as %CSFIRE) 
were modeled and why some sequences (branches) produced by the event tree leading to core damage were apparently not modeled. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 

HIGH LEVEL REQUIREMENTS FOR FIRE SCENARIO SELECTION AND ANALYSIS (FSS) 
HLR-FSS-A The FPRA shall select one or more 

combinations of an ignition source 
and damage target sets to represent 
the fire scenarios for each unscreened 
physical analysis unit upon which 
estimation of the risk contribution 
(CDF and LERF) of the physical 
analysis unit will be based. 

All supporting requirements were met except FSS-A5, Horizontal 
propagation outside zone of influence (ZOI) not done yet, as the effects of 
PVC jacket (typically TP) on horizontal spread is an open item self identified 
by Oconee. Current chemical composition of PVC jackets are being 
examined. There were three suggestions also. The first dealing with hot 
work fires, they are not identified in all zones. For example, the Unit 3 
equipment room located in the FPRA Summary Report Task 16 Appendix A 
scenario description. Either include hot work scenario in the equipment 
room or provide a justification for omitting it. The second concerns solid 
state components. They were not mentioned as part of target sets. The 
third suggestion states that Oconee has identified the need to develop 
additional fire scenarios to evaluate the risk for the safe shutdown facility 
(SSF). These scenarios and their risk contribution should be reviewed. 

HLR-FSS-B The FPRA shall include an analysis of 
potential fire scenarios leading to the 
MCR abandonment. 

All supporting requirements were met for this HLR. One suggestion was 
made. Lost degraded functions should be clearly discussed in the 
documentation of the control room abandonment analysis. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-FSS-C The FPRA shall characterize the 

factors that will influence the timing 
and extent of fire damage for each 
combination of an ignition source and 
damage target sets selected per HLR-
FSS-A. 

Oconee Unit 3, for the most part, applies a two point model for heat release 
rates and corresponding split fractions. Peak HRR is conservatively 
established initially in the fire scenario, and no decay modeled from fuel 
limitations. A thermoset damage criterion has been applied for the Oconee 
cable configuration, i.e. conductors insulated with thermoset insulation, 
armored, and wrapped with a PVC jacket. Although Oconee is collecting 
information regarding the PVC jacket, the current NRC position is that 
thermoplastic failure criteria should be applied in cases where the PVC can 
pool since PVC generally constitutes a thermoplastic material (see 
NUREG/CR-6850 Appendix H for further explanation). Regarding the heat 
release rates (HRRs) applied for transient combustibles, Oconee has 
provided a weak basis for only using the 75% HRR. This use of only the 75% 
HRR for transient combustibles is addressed in FSS-D. Finally, Oconee was 
not assessed on the requirements in the Fire PRA standard for raceway fire 
barriers since none are installed in Unit 3. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-FSS-D The FPRA shall quantify the likelihood 

of risk-relevant consequences for 
each combination of an ignition 
source and damage target sets 
selected per HLR-FSS-A. 

The fire modeling assessments used by Oconee relied upon an approach 
based upon Hughes Associates Generic Fire Modeling Treatments. The 
correlations and CFAST used in the Hughes approach were used within their 
limitations to develop zone of influence regions in which fire damage was 
postulated to occur. Hughes provided technical justification for the 
assumptions used in its approach. Should a target be in the zone of 
influence, and therefore assumed damaged, Oconee postulated that the 
zone of influence be extended to the ceiling. Significant to the hot gas layer 
work done by Hughes, Oconee independently credited the fire brigade with 
preventing damage to cables that had not occurred within the first 20 
minutes from hot gas layer. Oconee has conducted drills on fire brigade 
successfully applying a hose stream to fires within 20 minutes, yet they have 
also exceeded the 20 minute assumption. A probability needs to be 
established to recognize that a brigade response to interrupt damage from 
the hot gas layer may vary, which is also in keeping with the risk-informed 
approach. As identified in FSS-C, a weak basis is established for only using 
the 75% HRR for transient combustibles. Thus, Oconee needs to review its 
records with respect to the transient combustible program, including 
violations, to reassess the need for a higher HRR for transient combustibles 
as well. Walkdowns regarding zone of influence impacts were conducted 
using the Hughes guidance, supplemented by identifying fire structures and 
systems, and those walkdowns applied in the development of fire scenarios.
The following is from page 318 of the Hughes Associates Generic Fire 
Modeling Treatments January 5, 2007, “It is readily seen that the ability to 
model fires near a wall or in a corner has been disabled in CFAST version 
6.0.10, though this is not documented.” This needs further investigation. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-FSS-E The parameter estimates used in fire 

modeling shall be based on relevant 
generic industry and plant-specific 
information. Where feasible, generic 
and plant-specific evidence shall be 
integrated using acceptable methods 
to obtain plant-specific parameter 
estimates. Each parameter estimate 
shall be accompanied by a 
characterization of the uncertainty. 

All supporting requirements for this HLR were met. 

HLR-FSS-F The FPRA shall search for and analyze 
risk-relevant scenarios with the 
potential for causing fire-induced 
failure of exposed structural steel. 

All supporting requirements for this HLR were met 

HLR-FSS-G The FPRA shall evaluate the risk 
contribution of multi-compartment 
fire scenarios. 

The Oconee approach to developing individual fire scenarios (i.e., the fire 
scenarios considered consistent with HLR-FSS-A) has inherently captured 
the potential effects of fires impacting more than one physical analysis unit 
for partitions within the turbine building. However, the analysis has not 
treated potential multi-compartment fire scenarios for other combinations 
of physical analysis units (for example, fires involving the large oil-filled 
outdoor transformers could impact the turbine building or turbine building 
fires could impact adjacent fire areas including the main control room). As a 
result, a number of the Supporting Requirements associated with HLR-FSS-G 
have not been met. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-FSS-H The FPRA shall document the results 

of the fire scenario and fire modeling 
analyses including supporting 
information for scenario selection, 
underlying assumptions, scenario 
descriptions, and the conclusions of 
the quantitative analysis, in a manner 
that facilitates FPRA applications, 
upgrades, and peer review. 

Oconee has documented its fire scenarios, including ignition source, 
damage target set, and factors which determine CDF. Fire model selection, 
inputs, and uncertainty information for parameter uncertainty are 
documented in the Hughes report. Consistent with the finding on PVC 
jackets, Oconee has not documented the impact on the extent of fire 
damage as well as on cable failure threshold. (Oconee’s report does identify 
that the impact of the PVC jacket on fire damage from horizontal 
propagation is an open item). No uncertainties for the brigade successfully 
intervening in damage from the hot gas layer have been developed. 
Documentation for the selection of the 75% HRR as the only transient 
combustible fire load will have to be expanded once the suggested review is 
done of the program records and violations. The multi-compartment 
analysis which examines the risk across the physical analysis units which 
divide the plant is incomplete; therefore, documentation remains to be 
done. Information regarding FSS-B (Main Control Room Abandonment) was 
not available at the outset and had to be requested from the licensee. 

HIGH LEVEL REQUIREMENTS FOR IGNITION FREQUENCY (IGN) 
HLR-IGN-A The FPRA shall develop fire ignition 

frequencies for every physical analysis 
unit that has not been qualitatively 
screened. 

Except for the Finding noted for IGN-A5 (endemic to NUREG/CR-6850 
ignition frequencies), this HLR is met throughout as Oconee used the 
NUREG/CR-6850 values and techniques to assign ignition frequencies, 
including apportionment for transient fires. Plant-specific review and 
Bayesian update for Oconee fires through 2005 were performed. This HLR is 
well-documented, with only minor suggestions for quality assurance. 

HLR-IGN-B The FPRA shall document the fire 
frequency estimation in a manner 
that facilitates FPRA applications, 
upgrades, and peer review. 

As per HLR IGN-A, documentation for Ignition Frequency is very good, with 
only minor suggestions for quality assurance. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 

HIGH LEVEL REQUIREMENTS FOR QUANTITATIVE SCREENING (QNS) 
HLR-QNS-A If quantitative screening is performed, 

the FPRA shall establish quantitative 
screening criteria to ensure the 
estimated cumulative impact of 
screened physical analysis units on 
CDF and LERF is small. 

Quantitative screening developed at the PAU (building structure PAUs only) 
level, and ignition sources within PAUs. Impact of 4 screened buildings not 
evaluated but most likely very low. Impact of screened ignition sources 
retained in final risk estimates as ignition frequency times plant trip 
CCDP/CLERP 

HLR-QNS-B If quantitative screening is performed, 
the FPRA shall identify those physical 
analysis units that screen out as 
individual risk contributors. 

Both supporting requirements were met, although it was unclear whether 
quantitative screening applied to buildings/structures was ever applied. The 
PAUs that were screened from ignition source analysis, were retained and 
identified for consideration during the multi-compartment scenarios. 

HLR-QNS-C VERIFY the cumulative impact of 
screened physical analysis units on 
CDF and LERF is small. 

Not done but unimportant at building level, no evaluation of magnitude of 
contribution at ignition source level but also most likely unimportant. 

HLR-QNS-D The FPRA shall document the results 
of quantitative screening in a manner 
that facilitates FPRA applications, 
upgrades, and peer review 

Building screening documentation incomplete, ignition source screening 
well documented. 

HIGH LEVEL REQUIREMENTS FOR CIRCUIT FAILURES (CF) 
HLR-CF-A The FPRA shall determine the 

applicable conditional probability of 
the cable and circuit failure mode(s) 
that would cause equipment 
functional failure and/or undesired 
spurious operation based on the 
credited function of the equipment in 
the FPRA. 

Based upon conversations with licensee staff, both supporting requirements 
for this HLR were met. However, the performance of these tasks was not 
documented. Two suggestions were made regarding documentation. Refer 
to F&O suggestions CF-A1-1 and CF-A2-1. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-CF-B The FPRA shall document the 

development of the elements above 
in a manner that facilitates FPRA 
applications, upgrades, and peer 
review. 

The supporting requirement for this HLR was not met due to lack of 
documentation of the tasks performed. Refer to F&O finding CF-B1-1. 

HIGH LEVEL REQUIREMENTS FOR HUMAN RELIABILITY ANALYSIS (HRA) 
HLR-HRA-A The FPRA shall identify human actions 

relevant to the sequences in the FPRA 
plant response model. 

Even though the reviewer concluded that this high level requirement has 
been met, there is no documentation to support this.  

HLR-HRA-B The FPRA shall include events where 
appropriate in the FPRA that 
represent the impacts of incorrect 
human responses associated with the 
identified human actions. 

No new human failure events (HFEs) were defined for the 2008 fire PRA 
model but a limited number of HFEs were carried over from the 2005 fire 
PRA. The definition of these HFEs is inadequate. 

HLR-HRA-C The FPRA shall quantify HEPs 
associated with the incorrect 
responses accounting for the plant-
specific and scenario-specific 
influences on human performance, 
particularly including the effects of 
fires. 

A process was defined for adjusting the human error probabilities (HEPs) to 
account for the effects of fires, but the assumptions underlying it were not 
documented. A review of the implementation of the process indicated an 
instance of misinterpretation of the definition of an HFE with respect to its 
timing in the context of the accident scenario. The HRA should be reviewed 
to confirm that the HFEs are understood and quantified correctly in the 
context of the accident scenarios. 

HLR-HRA-D The FPRA shall include recovery 
actions only if it has been 
demonstrated that the action is 
plausible and feasible for those 
scenarios to which it applies, 
particularly accounting for the effects 
of fires. 

Few recovery events are identified, and they are evaluated according to the 
screening rules. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-HRA-E The FPRA shall document the HRA, 

including the unique fire-related 
influences of the analysis, in a manner 
that facilitates FPRA applications, 
upgrades, and peer review. 

The documentation of the HRA is inadequate. Specifically: there is no 
description of the way in which the procedures are followed given a fire, 
which is necessary to draw the conclusion that the HFEs modeled in the 
internal events PRA are still valid for the fire PRA; the assumptions 
supporting the HEP adjustment to reflect the fire performance shaping 
factors (PSFs) are not documented; and the documentation of the 
evaluation of the HEPs for the 2005 fire PRA HFEs is incomplete. 

HIGH LEVEL REQUIREMENTS FOR SEISMIC FIRE (SF) 
HLR-SF-A The FPRA shall include a qualitative 

assessment of potential seismic-fire 
interaction issues in the FPRA. 

Oconee IPEEE conducted seismic - fire interaction evaluations that included 
walkdowns and resolution of findings. However, some standard required 
procedures have not been developed. 

HLR-SF-B The FPRA shall document the results 
of the seismic-fire interaction 
assessment in a manner that 
facilitates FPRA applications, 
upgrades, and peer review. 

The seismic - fire interaction evaluation was documented with in their IPEEE 
summary and reference site calculations. 

HIGH LEVEL REQUIREMENTS FOR FIRE RISK QUANTIFICATION (FQ) 
HLR-FQ-A Quantification of the FPRA shall 

quantify the fire-induced CDF. 
The chosen analysis method did not identify the initiating events caused by 
a fire at each ignition source but, instead, failed the targets and relied on 
the logic model to yield the proper scenarios including identifying the 
required mitigating functions and using the appropriate success criteria for 
these functions. The internal events standard and, by reference, the fire 
standard uses initiating events as a basic logic model building blocks and 
quantitative reference points so the proposed method does not met the 
standard. The proposed method may be able to produce the correct 
quantitative result without meeting the standard. The review of the models 
was not sufficient to verify this level of detail during the site audit. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-FQ-B The fire-induced CDF quantification 

shall use appropriate models and 
codes, and shall account for method 
specific limitations and features. 

Integration performed using same logic models and code package as 
internal events. 

HLR-FQ-C Model quantification shall determine 
that all identified dependencies are 
addressed appropriately. 

Using nominal HEPs during quantification can result in cutsets being 
truncated. Rule Based Recovery (RBR) will not correct this, since the cutsets 
are not present in the results and this HLR is not met. 

HLR-FQ-D The frequency of different 
containment failure modes leading to 
a fire-induced large early release shall 
be quantified and aggregated thus 
determining the fire-induced LERF. 

There are no intermediate core damage states. Fault trees generally 
resulting in high or low vessel pressure at vessel failure are "anded" directly 
with basic events containing a generic conditional containment probability 
given high versus low pressure event. Although this yielded LERF results for 
all sequences, inconsistencies were identified in the LER results which the 
utility was not able to resolve during the audit. The LERF analysis is 
incomplete so this HLR is not met. 

HLR-FQ-E The fire-induced CDF and LERF 
quantification results shall be 
reviewed and significant contributors 
to CDF and LERF, such as fires and 
their corresponding plant initiating 
events, fire locations, accident 
sequences, basic events (equipment 
unavailability’s and human failure 
events), plant damage states, 
containment challenges and failure 
modes, shall be identified. The results 
shall be traceable to the inputs and 
assumptions made in the FPRA. 

The proposed method produces significant fire location and accident 
sequence contributors and may be able to produce the correct quantitative 
result without meeting the standard. The review of the models was not 
sufficient to verify this level of detail during the site audit. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-FQ-F The CDF and LERF analyses shall be 

documented consistent with the 
applicable SRs. 

The documentation needs to be improved so that a knowledgeable peer 
reviewer can readily understand how the fire PRA is quantified. In a number 
of areas, the documentation was not adequate for the reviewers to readily 
determine compliance with the standard; refer to finding F&O FQ-F1-1. 

HIGH LEVEL REQUIREMENT FOR UNCERTAINTY AND SENSITIVITY ANALYSIS (UNC) 
HLR-UNC-A The FPRA shall identify key sources of 

CDF and LERF uncertainties, including 
key assumptions and modeling 
approximations. These uncertainties 
shall be characterized such that their 
impacts on the results are 
understood. 

Not reviewed. The analysis is not yet at the stage where the assessment of 
parameter uncertainty is necessary. However, this will be met only to the 
extent that the other SRs identified are met. 

HIGH LEVEL REQUIREMENTS FOR PRA CONFIGURATION CONTROL/MODEL UPDATE (MUD) 
HLR-MUD-A A process for monitoring FPRA inputs 

and collecting new information. 
This requirement was met. Two suggestions were made. The first is to 
provide procedural guidance on how to capture general industry events, 
operating experience feedback, or other information that could challenge 
PRA model assumptions, point to new failure modes or mechanisms, or 
reveal new event scenarios. The second is to add the requirement to 
monitor updated or new methods. Refer to F&O suggestions MUD-A3-1 and 
MUD-A3-2. 

HLR-MUD-B A process that maintains and 
upgrades the FPRA to be consistent 
with the as-built, as operated plant. 

This requirement was not met because the Oconee configuration control 
procedures do not reference the fire PRA standard or the supporting 
requirements therein. Refer to F&O finding MUD-B4-1. 

HLR-MUD-C A process that ensures that the 
cumulative impact of pending 
changes is considered when applying 
the FPRA. 

This requirement was met. 
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Table 4-6. High Level Requirements 
HLR HLR Description HLR Summary (From Review) 
HLR-MUD-D A process that evaluates the impact of 

changes on previously implemented 
risk-informed decisions that have 
used the FPRA. 

This requirement was met. One requirement that is currently in the 
standard, to assess past risk-informed applications when the PRA model is 
updated or upgraded, is slated for removal from the PRA standard in a 
future revision. The Oconee configuration control procedure does include 
such a requirement for applications listed an enclosure. 

HLR-MUD-E A process that maintains 
configuration control of computer 
codes used to support FPRA 
quantification. 

This requirement was not met because the FRANC computer code had not 
been qualified as required by procedure. Refer to finding F&O MUD-E1-1. 

HLR-MUD-F Documentation of the Program. This requirement was met. 
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Table 4-7. Supporting Requirement F&Os 

Basis Level Observation 
IEPRA-1 Finding Document resolution of the issues identified in the Maracor 

review; justify any exceptions. 
IEPRA-2 Finding Need to perform updates credited in "Oconee Responses" to 

the 2006 Maracor review. 
 
See also F&O PRM-B1-1. 

PP-B1-1 Suggestion The SSF should be divided into more than one Fire 
Compartment; it has a control room and a Diesel room that 
are separated by fire doors. 
 
The Keowee station dam should be divided into Fire 
Compartments or justification for not doing so should be 
provided. 

PP-B2-1 Finding The FPRA credited partitioning elements that lacked fire 
resistance rating. 

PP-B3-1 Finding Some turbine building Fire Compartments have boundaries 
that do not correspond to a physical wall, and thus have no 
fire rating. The use of these boundaries implies crediting 
spatial separation; therefore the standard is not met at 
Category 1. 

PP-C3-1 Finding The lack of rated barriers was documented in OSC-8979: 
PP-C3-2 Suggestion OSC-8979 does not adequately describe the general nature 

and key/unique features of each Fire Compartment. Its 
usability could be improved by adding details describing the 
physical boundaries of the Fire Compartments. 

CS-B1-1 Finding Plant personnel self-identified some issues with overcurrent 
coordination during the inspection. The plant is working to 
resolve issues with molded-case circuit breaker 
instantaneous overcurrent tripping coordination. 

CS-C4-1 Finding No specific documentation of overcurrent coordination was 
provided during the inspection. 

QLS-A3-1 Finding 22 buildings structures screened, 4 left unresolved. 
PRM-B1-1 Finding Oconee used a version of the internal events model with a 

substantial number of outstanding issues (see F&O IEPRA-1) 
as the base model. The finding is based on the fact that the 
issues identified in the peer review have not been resolved.  

PRM-B3-1 Suggestion Although some of the FPRA documentation discussed new 
logic modes and scenarios, utility and contractor PRA 
personnel stated repeatedly that no new logic models were 
needed. 
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Table 4-7. Supporting Requirement F&Os 
Basis Level Observation 

PRM-B4-1 Suggestion In general, fire induced initiators are modeled by assuming 
an existing transient in the model (e.g., turbine trip; loss of 
condenser vacuum) occurs. Rational for assigning a given 
initiator to each ignition source should be better developed 
and documented. 

PRM-B8-1 Suggestion Although some documents indicated that new models were 
properly developed, utility and contractor statements that 
none of these models needed to be added. 

PRM-D1-1 Finding Final documentation should identify and clearly describe all 
fire related changes made to the internal event PRA in one 
document to meet the standard. The current documentation 
provides an incomplete and sometimes contradictory 
description of proposed changes versus real changes. 

FSS-A1-1 Suggestion Although hot work fires appear to be attributed to most 
physical analysis units, it is not identified in the Unit 3 
equipment room located in the FPRA Summary Report Task 
16 Appendix A scenario description. Either provide a 
justification for excluding hot work from all zones where full 
fire damage is not assumed, i.e. non A zones, or add hot 
work scenario. 

FSS-A2-1 Suggestion Need to consider other equipment NUREG/CR-6850 
Appendix H Section H.2 with regards to scenarios involving 
solid state control components. 

FSS-A5-1 Finding Horizontal propagation outside zone of influence (ZOI) not 
done yet, as the effects of PVC jacket (typically TP) on 
horizontal spread is an open item self identified by Oconee. 

FSS-A5-2 Suggestion Oconee has identified the need to develop additional fire 
scenarios to evaluate the risk for the safe shutdown facility 
(SSF). These scenarios and their risk contribution should be 
reviewed. 

FSS-B1-1 Suggestion Lost or degraded functions should be clearly discussed in the 
documentation of the control room abandonment analysis. 

FSS-C4-1 Suggestion Oconee should verify that hot work can reasonably be 
expected at most, if not all, locations in the physical analysis 
unit at an equivalent probability. 

FSS-C5-1 Finding For those cases with potentially pooling thermoplastic, TP 
characteristics for failure should be attributed to Oconee 
cable. 

FSS-D3-1 Suggestion It is readily seen that the ability to model fires near a wall or 
in a corner has been disabled in CFAST version 6.0.10, though 
this is not documented. This needs further investigation. 
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Table 4-7. Supporting Requirement F&Os 
Basis Level Observation 

FSS-D5-1 Finding Oconee has provided a weak basis for applying only the 75% 
fire HRR for transient combustibles, excluding the larger HRR.

FSS-D5-2 Suggestion Provide a basis for those factors applied due to the 
conditional trip probability. 

FSS-D6-1 Finding A probability should be developed for manual suppression 
for the fire brigade intervening to prevent damage from the 
hot gas layer. 

FSS-G1-1 Finding Multi-compartment analysis does not include a range of 
potential multi-compartment fire scenarios. 

FSS-G2-1 Finding No screening criteria for multi-compartment fires have been 
defined. 

FSS-G3-1 Finding The analysis has not screened potential multi-compartment 
combinations of interest nor defined any multi-compartment 
fire scenarios beyond those that are inherently captured in 
the treatment of fire scenarios for the turbine building fire 
zones (see PP). 

FSS-G4-1 Finding Multi-compartment analysis is incomplete and has not 
included an assessment of credits given to passive fire barrier 
features. 

FSS-G5-1 Finding Active fire barriers have been credited in partitioning but not 
assessed per this SR. 

FSS-G6-1 Finding No assessment of a range of potential multi-compartment 
scenarios has been provided. 

FSS-H2-1 Finding Treatment of PVC jacket on cable failure is not addressed and 
is an open item. The cable jacket affects Oconee conclusion 
that TS failure criteria should be used. Oconee is collecting 
information regarding the PVC jacket to establish the nature 
of the PVC; however, PVC is typically thermoplastic material. 

FSS-H6-1 Suggestion Expand documentation to explain area ratio approach for hot 
work. Provide discussion that supports the contention that 
using the area ratio is adequate. Also provide expanded 
justification for plant specific modification to 
NUREG/CR-6850 for only considering 75% HRR for transient 
combustibles, given plant records including violations of 
combustible controls. 

FSS-H8-1 Finding The multi-compartment analysis remains incomplete (see 
FSS-F and its SRs); hence, documentation is also incomplete. 
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Table 4-7. Supporting Requirement F&Os 
Basis Level Observation 

FSS-H9-1 Finding There are no uncertainties listed for manual fire brigade 
suppression which limits the development of the hot gas 
layer as given in the document Oconee FPRA 031408 Tasks 8 
and 11 Scenario Development Attachment A, Scenario 
Summary Report. 

FSS-H10-1 Suggestion Document results of walkdowns to identify targets and 
raceways within ZOI independently of fire PRA itself 

IGN-A4-1 Suggestion Sufficient time has passed since 2000, the last fire event date 
in the EPRI fire events database, so that an additional 5 years 
of Oconee experience may be used to Bayesian update the 
generic frequencies. 

IGN-A5-1 Finding Need to update ignition frequency data once 
NUREG/CR-6850 is updated with the correct numbers based 
on reactor-year basis. 

IGN-A9-1 Suggestion Recalculate ignition frequencies for transient activities in 
physical analysis units based on reassignment of values for 
LDST Rooms. 

IGN-B5-1 Suggestion In OSC-8979, include reference to (or include specifically) the 
discussion of ignition frequency uncertainties in 
NUREG/CR-6850, including parametric values for the generic 
frequencies. 

CF-A1-1 Suggestion Basic event GHP014BDEX, which appears in the cutsets for 
AB089Y7 (0.3), should be added to the altered events list by 
Oconee staff, if appropriate. Oconee staff should add 
discussion to the altered events table for the three basic 
events cited by Note 5 as candidates for "further circuit 
analysis" (FEF0038MVT, FEF0047MVT, and HHP0031AVT), 
but for which failure probabilities of 1.0 were actually 
assigned. 

CF-A2-1 Suggestion Include the uncertainty values from NUREG/CR-6850 directly 
into the documentation. 

CF-B1-1 Suggestion Consider adding the additional discussion in SR A2 to the 
documentation. 

HRA-A1-1 Finding No documentation that for each fire scenario, for each safe 
shutdown action carried over from the Internal Events PRA, 
each action remains valid in the context of the Fire PRA 

HRA-B1-1 Suggestion No new HFEs were added nor were existing HFEs modified. 
However, HR-F2 requires the definition of the HFEs to 
include accident sequence specific timing of cues. This needs 
to be verified to conclude that the HFE definitions are still 
valid. 
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Table 4-7. Supporting Requirement F&Os 
Basis Level Observation 

HRA-B2-1 Finding For events CASWHPIDHE and CEF0ASWDHE the definition of 
the HFEs is not as detailed as that for the other HFEs. 
 
Rob Boyer (Duke Energy Carolinas, LLC) agreed and indicated 
that this documentation would be improved.  

HRA-C1-1 Finding The approach to the quantification of the HEPs is to revise 
the internal events HEPs using a set of rules revising the HEPs 
based on, among other things, allowable action time. The 
basis, or the set of assumptions upon which this set of rules 
is based is not provided. This does not seem to have been 
applied correctly. 
 
See also HRA-C1-HR-G4 through 7. 

HR-G3-1 Suggestion (internal events SR referenced by HRA-C1) The approach 
used for the cognitive contribution is to use either the CBDT 
method or the original HCR method. The latter has been 
superseded by the EPRI ORE/HCR method, since the basis for 
the original HCR was unsupported by the ORE project back in 
the late 1980s. Recommend changing from the HCR to a 
newer methodology (e.g., the HCR/ORE) in the revision 4 
update of the PRA. 

HRA-C1-2 Finding (internal events SR referenced by HRA-C1) There is no 
evidence that the fire related post-initiator HEP 
quantifications have been checked for consistency. 

HR-G7-1 Finding In reviewing the documentation for ZHFC-2-058 there is 
evidence that there is a lack of appreciation of the relative 
timing of events. The comment in the documentation on 
relative timing focuses on cognitive response time (2 minutes 
and 15 minutes for the two events (NSF0RCMDHE and 
CASWHPIDHE) respectively. However, these two events are 
separated in time by a significant time, the first event being 
required at 30 minutes, the second at four hours 
respectively. 
 
The dependency evaluations should be reviewed carefully for 
the internal events model and the fire model. 

HRA-E1-1 Finding There is no documentation to describe the procedures and 
their use during a fire scenario. There is no documentation of 
the assumptions underlying the screening approach. There is 
no justification that the timing associated with the analyzed 
HFEs is appropriate for the accident scenarios. 
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Table 4-7. Supporting Requirement F&Os 
Basis Level Observation 

SF-A2-1 Finding A seismic induced assessment of the potential for diversion 
of suppressants from areas where needed for fire 
suppression systems associated with a common suppressant 
supply was not conducted. 

SF-A4-1 Finding The plant seismic response procedures covers seismically 
induced flooding, but not seismically induced fire. 

SF-A5-1 Finding No assessment has been conducted on the potential that an 
earthquake might compromise one or more of the fire 
brigade. 

FQ-A2-1 Finding Fire scenarios frequencies are documented and reported 
based on PAU and/or ignition source. The corresponding 
Failed components are identified, but there is no 
identification of which initiating event is initiated by the fire. 

FQ-B1-1 Finding Internal events QU-B3 is incorporated by reference and is not 
met: An iterative demonstration of convergence versus 
truncation level has not yet been performed. 

FQ-C1-1 Finding Using nominal HEPs during quantification can result in 
cutsets being truncated. Rule Based Recovery (RBR) will not 
correct this, since the cutsets are not present in the results. 

FQ-E1-1 Finding The chosen method (see PRM-FQ-A) does not produce 
different significant contributor categories to support results 
review. As of audit review, limited review of available results 
had been performed.  

FQ-F1-1 Finding It is not possible to see the initiating event assigned to each 
scenario unless one looks in the cut-set output files and 
deduces the initiating event based on the failed equipment. 
Method used by the licensee can produce the correct 
numerical results without meeting the standard. 
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Table 4-7. Supporting Requirement F&Os 
Basis Level Observation 

UNC-A1-1 Finding Not reviewed. When the analysis is complete and stable, the 
sources of model uncertainty should be identified. The 
analysis is not yet at the stage where the assessment of 
parameter uncertainty is necessary. However, this will be 
met only to the extent that the other SRs identified are met. 

MUD-A3-14 Suggestion Add procedural guidance on how to capture general industry 
events, operating experience feedback, or other information 
that could challenge PRA model assumptions, point to new 
failure modes or mechanisms, or reveal new event scenarios 
do not appear to be captured in the procedures. Note that 
fire-specific guidance is not provided. 

MUD-A3-2 Suggestion Add language to monitor updated or new methodologies as 
appropriate. 

MUD-B1-1 Suggestion The fire PRA being developed to support NFPA 805 transition 
is not specifically included in the scope of the model update 
procedures. 

MUD-B4-1 Finding Fire standard needs to be referenced in XSAA-106 and the 
fire PRA model should be explicitly in the scope of the 
procedure. 

MUD-E1-1 Finding The FRANC computer code and corresponding Microsoft 
Access databases have not been evaluated and documented 
at any software and data quality assurance (SDQA) 
classification per NSD-800. 

 
 

                                                      
 
4 Definitions of the configuration control/model update (MUD) supporting requirements are in Appendix A. 
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5.0 Conclusions 

 
The NRC review team noted that the Oconee Unit 3 fire PRA is not yet complete, although all 
tasks but one have been started and many of the tasks have been completed. The areas 
requiring the most additional work include resolution of internal events PRA peer review 
comments, fire modeling (especially multi-compartment analysis), identification and 
refinement of higher risk scenarios, and completion of an uncertainty analysis. The NRC team 
noted that work continues to be done by Duke Energy staff to finalize the fire PRA. 
 
For the above reasons, the NRC staff review of the Oconee Unit 3 baseline fire PRA cannot be 
regarded as sufficient for determination of technical adequacy to support risk-informed 
applications in general. A focused review of those portions of the fire PRA that change 
substantially in the time between the NRC staff review and the NFPA 805 submittal may be 
necessary. 
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Appendix A.  Supporting Requirements Review Summary 
 

SR Level Observation Basis Cap Cat
INTERNAL EVENTS PRA QUALITY 

IEPRA Finding Document resolution of the issues 
identified in the Maracor review; justify 
any exceptions. 

F&O IEPRA-1 NA 

IEPRA Finding Need to perform updates credited in 
"Oconee Responses" to the 2006 Maracor 
review. 
 
See also F&O PRM-B1-1. 

F&O IEPRA-2 NA 

SUPPORTING REQUIREMENTS FOR PLANT PARTIONING 
PP-A1 Summary Overall Global Analysis boundary seems 

to include all equipment and equipment 
that could threaten vital equipment if it 
caught fire. Sister units 1 and 2 
equipment - specifically power supplies 
and control cables - are included in the 
global analysis boundary as needed. 

 Met 

PP-A1  Reviewed global site drawings outlying 
buildings in and out of the FPRA. 
Adequate criteria were used to 
determine those building in, those out, 
and those that are exposure hazards. Also 
reviewed plan view drawings of the 
turbine, aux, and containment buildings 
and the selection of fire zones. The sister 
units were taken into account. 
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SR Level Observation Basis Cap Cat
PP-B1 Summary Fire Compartments are based on Fire 

Zones rather than Fire Areas. The turbine 
building Fire Compartments do not all 
have walls that would contain a fire, but 
do correspond to areas that a fire could 
be reasonably be confined to by 
suppression. 
 
The approach taken is reasonable in view 
of the large area of the turbine building. 
The multi-compartment fire modeling 
needs to be reviewed carefully to insure 
that it properly handles postulated fires 
that could spread across some Fire 
Compartment boundaries 

 2&3 

PP-B1 Suggestion The SSF should be divided into more than 
one Fire Compartment; it has a control 
room and a Diesel room that are 
separated by fire doors. 
 
The Keowee station dam should be 
divided into Fire Compartments or 
justification for not doing so should be 
provided. 

F&O PP-B1-1  
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SR Level Observation Basis Cap Cat
PP-B1  For the purposes of the global plant 

analysis boundary, the buildings included 
in the FPRA were divided into a number 
of fire compartments corresponding to 
their IPEEE fire zones. The analysis then 
considers the impact of fires in a given 
zone, and those fire scenarios that might 
impact multiple zones. Due to the limited 
number of physical analysis units (fire 
areas), this procedure did not follow the 
standard FPRA methodology. The product 
of this task imposed an increased burden 
for the analysis of multi-compartment fire 
scenarios. 
 
Buildings like the Keowee Station and the 
Essential Siphon Vacuum building were 
not partitioned into separate fire areas 
and were considered single fire areas in 
the fire scenario report. 
 
It was noted that the SSF partitioning was 
not noted in Table 9.1 for plant 
partitioning, but compartmentalization 
was credited in the fire scenario report. 

  

PP-B2 Finding The FPRA credited partitioning elements 
that lacked fire resistance rating. 

F&O PP-B2-1 Not 
Met 

PP-B3 Finding Some turbine building Fire Compartments 
have boundaries that do not correspond 
to a physical wall, and thus have no fire 
rating. The use of these boundaries 
implies crediting spatial separation; 
therefore the standard is not met at 
Category 1. 

F&O PP-B3-1 Not 
Met 

PP-B4 Summary Did not credit raceway fire barriers, 
thermal wraps, fire-retardant coatings, 
radiant energy shields, or any other 
localized cable or equipment protection 
feature as partitioning elements in 
defining physical analysis units. This was 
verified by walkdown on 18 March 08. 

 NA 
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SR Level Observation Basis Cap Cat
PP-B5 Summary Did not credit active fire barrier elements 

as a partitioning feature for the roll-up 
fire door between Block House 1&2 and 
CT-4 or fire door closure devices in the 
SSF. Fire Dampers between Unit 1 and 2 
Electrical Equipment rooms and Unit 1 
and 2 Cable Spreading rooms were 
already defined and justified. 

 1 

PP-B5  Roll-up door in the Blockhouse between 
CT-4 and BH-12 is a rated door with 
automatic closing feature. This was 
verified by walkdown on 18 March 08. 
 
This door is not credited since it is in a 
wall internal to Fire Compartment 
including Fire Area CT4 and Fire Area 
BH12. 
 
Fire Dampers between Unit 1 and Unit 2 
Electrical Equipment Rooms are not 
included in the analysis, but are part of a 
credited fire barrier, the wall between 
these 2 Fire Compartments. (Unit 3 cables 
run through Unit 1 and Unit 2 Electrical 
Equipment Rooms) 

  

PP-B6 Summary Oconee lined up their physical analysis 
units with fire zones with in fire areas. No 
physical analysis units were found to be 
left out of the global analysis boundary or 
found to be overlapping. No two Fire 
Compartments overlap per drawings O-5 
to O-11. The Fire Compartments cover all 
of the area contained in the global 
analysis boundary. 

 Met 

PP-B7 Summary Conducted a walkdown on 18 March 08, 
covering most of the turbine building, the 
SSF, the Unit 3 Main Control Room, the 
Unit 3 Equipment Room, auxiliary 
building, and the transformers and other 
equipment in the yard. The walkdown did 
not identify any significant issues with 
partitioning. 

 Met 
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SR Level Observation Basis Cap Cat
PP-C1 Summary Global Analysis boundary includes the 

entire main plant building, plus parts of 
the yard equipment. These are 
documented in a table in OSC-8789. 
 
The most useful documentation of the 
boundaries is by hand-drawn boundaries 
on a single set of plant drawings 
(drawings O-5 to O-11). A more 
controlled, official version of this 
documentation should be prepared, 
preferably in a way that it can be made 
available on some sort of electronic 
media. These drawings do not show the 
Keowee dam and don't show the detail of 
the SSF, which are needed for a complete 
analysis. 

 Met 

PP-C2 Summary Reviewed marked-up site drawing and 
compared to selection criteria in OSC-
8979 for excluded site areas. Locations 
excluded from the global analysis 
boundary are buildings in the yard that 
do not contain any safety-related 
equipment and any reasonably 
postulated fire in them cannot affect 
safety-related equipment 

 Met 

PP-C3 Finding The lack of rated barriers was 
documented in OSC-8979: 

F&O PP-C3-1 Not 
Met 

PP-C3 Suggestion OSC-8979 does not adequately describe 
the general nature and key/unique 
features of each Fire Compartment. Its 
usability could be improved by adding 
details describing the physical boundaries 
of the Fire Compartments. 

F&O PP-C3-2  
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SR Level Observation Basis Cap Cat
PP-C4 Summary Compartment naming scheme combines 

the building and IPEEE fire zone 
designation to facilitate the review. The 
Fire Compartments are numbered from 
01 to (about) 124. The numbering scheme 
goes across all 3 units, with lower 
numbers generally corresponding to 
lower elevations and/or turbine building 
locations. 

 Met 

SUPPORTING REQUIREMENTS FOR EQUIPMENT SELECTION 
ES-A1 Summary Verified safety significant components 

including affects of spurious operations 
such as pilot operated relief valves 
(PORVs), Block valves, Emergency 
Feedwater, Aux Servicewater (Feeds SG), 
Feedwater, HP Injection Pumps (Charging 
and Injection), Reactor Head Vents, 
Reactor Sample valves, Reactor Coolant 
Make-up Pumps (RCP Seal Cooling), 
Component Cooling pumps, Low Pressure 
Service Water Cooling, Circulating 
W(CCW), Letdown valves, Containment 
Spray, Low Pressure Safety Injection./ 
Shutdown Cooling, Power (4KV, Load 
Centers, motor control centers (MCCs), 
direct current (DC) Buses, alternating 
current (AC) Emergency), safe shutdown 
facility (SSF) Diesel Water Cooling (From 
component cooling water (CCW)), and 
Keowee are included in ARTRAK. 

 Met 

ES-A2 Summary Reviewed Pressurizer Relief Valve 3RV-67 
interlock circuit for K3 and K4 contacts. 
All required additional equipment for this 
interlock circuit is in ARTRAK. Reviewed 
HP Injection Pumps 3HP-23 and 3HP-98 
for power feed circuits. All MCC, Load 
Center, and 4KV required equipment is in 
ARTRAK. 

 Met 
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SR Level Observation Basis Cap Cat
ES-A3 Summary Ensured safety significant components 

not including affects of spurious 
operations such as PORVs, Block valves, 
Emergency Feedwater, Aux Servicewater 
(Feeds SG), Feedwater, HP Injection 
Pumps (Charging and Injection), Reactor 
Head Vents, Reactor Sample valves, 
Reactor Coolant Make-up Pumps (RCP 
Seal Cooling), Component Cooling pumps, 
Low Pressure Service Water Cooling, 
Circulating W(CCW), Letdown valves, 
Containment Spray, Low Pressure Safety 
Injection./ Shutdown Cooling, Power 
(4KV, Load Centers, MCCs, DC Buses, AC 
Emergency), SSF Diesel Water Cooling 
(From CCW), and Keowee are included in 
ARTRAK. 

 Met 

ES-A3 
IE-C4 

Summary (internal events SR referenced by ES-A3) 
Previously screened initiating events, 
from the ONS PRA Initiating Event 
analysis [6] were re-evaluated for 
applicability to the FPRA. The complete 
list of candidate initiating events that 
were reviewed as part of the initial Level 
1 PRA development was reviewed once 
again to determine if: 1) The Initiating 
Event can result from a fire? 2) The 
Initiating Event is more likely as a result 
of a fire? 3) The consequences of the fire-
induced Initiating Event are worse than 
assumed in the Level 1 PRA? 
 
Based on this review, several potential 
initiating events were identified. These 
were added as new sequences or were 
already identified from the MSO review 
by the Expert Panel 

 Met 
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SR Level Observation Basis Cap Cat
ES-A4 Summary Reviewed OCONEE FPRA Documentation 

File 031408 Component Selection 
Attachment D (Kiang Zee explained # of 
spurious actuations applicability in table), 
Multiple Spurious Considerations, 51-
5044354-001 OCONEE App R Analysis U 2 
& 3, and the ARTRAK Cable Database and 
determined that the FPRA model includes 
additional equipment based on the 
consideration of cases where up to two 
spurious operations of equipment alone 
or in combination with other fire induced 
loss of function failures could cause an 
initiating event associated with the 
affected equipment considering 
 
- fire-induced initiating events treated in 
the Fire Safe Shutdown/Appendix R 
analysis, 
 
- Internal Events PRA initiators as 
identified using the IE requirements in 
ASME-RA-2002/RA-Sb- 2005 [2] (including 
any gradations across capability 
categories in that standard) as modified 
per the PRM requirements of this 
standard, or 
 
- unique fire-induced initiating events not 
addressed or otherwise screened from 
the above two analyses if SR IE-C4 in 
ASME-RA-2002/RA-Sb- 2005 [2] cannot 
be met (See ES-A3/4-IE-C4) 

 3 
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SR Level Observation Basis Cap Cat
ES-A5 Summary Reviewed OCONEE FPRA Documentation 

File 031408 Component Selection 
Attachment D (Kiang Zee explained # of 
spurious actuations applicability in table), 
Multiple Spurious Considerations, 51-
5044354-001 OCONEE App R Analysis U 2 
& 3, and the ARTRAK Cable Database and 
determined that the PRA model includes 
the consideration of up to and including 
three spurious actuations of equipment 
alone or in combination with other fire-
induced loss of function failures for the 
special case where fire-induced failures 
could contribute not only to an initiating 
event but also simultaneously (a) affects 
the operability/ functionality of that 
portion of the plant design to be credited 
in response to the initiating event in the 
Fire PRA or (b) results in an initiating 
event where the mitigating function is 
not addressed in the Fire Safe 
Shutdown/Appendix R Analysis or (c) 
results in a loss of reactor coolant system 
integrity. 

 3 

ES-A6 Summary Reviewed OCONEE FPRA Documentation 
File 031408 Component Selection 
Attachment D (Kiang Zee explained # of 
spurious actuations applicability in table), 
Multiple Spurious Considerations, 51-
5044354-001 OCONEE App R Analysis U 2 
& 3, and the ARTRAK Cable Database and 
determined that the PRA model includes 
the consideration of up to four spurious 
actuations of equipment alone or in 
combination with other fire-induced loss 
of function failures for the special case 
where fire-induced failures could 
contribute to an initiating event that in 
turn leads to core damage and a large 
early release as addressed in SR ES-B4. 

 3 
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SR Level Observation Basis Cap Cat
ES-B1  The ARTAK data base, originally built for 

Appendix R equipment only, has been 
updated to include all Internal Events 
equipment as well. 

 3 

ES-B2  Equipment was identified and listed in 
the ARTAK database. All cables that can 
affect equipment, either by de-
energization or by spurious operation, are 
listed in ARTRAK. PRA analysts would 
evaluate the function of the cable relative 
to failure mode. This is documented in 
the "altered events" section of the (PDF) 
and the FRANC database. Considering 
flow paths and valves, when equipment 
selection was done, up to 2 valves were 
included for flow diversion, but for valves 
in parallel ALL parallel paths were 
considered. (ONP does not use trains in 
their equipment list.) 

 2 

ES-B3  Additional equipment was added to the 
Appendix R and Internal Events lists 
according to the Oconee FPRA report 
dated 02.20.08, specifically an expert 
group studied unique fire-induced 
equipment failures, and an analysis of 
PRA supporting analysis: PRA screening 
analysis, IS-LOCA analysis, and 
containment isolation system analysis. 
The expert panel added 5 equipment 
items listed in Table 9-3 of the Oconee 
FPRA report. 

 Met 

ES-B4  The plant identified the 4 Main Coolant 
Pump seal return isolation valves as 
additions to the equipment list based on 
IS-LOCA analysis. 

 1 

ES-B5  Entries in the ARTAK data base include 
power supply, interlock circuits, 
instrumentation and support system 
dependencies 

 Met 

ES-B6  Plant opted not to screen out equipment 
using this technique. 

 Met 
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SR Level Observation Basis Cap Cat
ES-C1 Summary The instrumentation identified was that 

needed to provide the cues necessary to 
initiate the actions whose failure is 
captured in the HFEs. This is sufficient to 
support the quantification approach used 
for the HEPs. Errors of commission are 
not included in the internal events model, 
and are not included in the fire PRA 
model. 
 
However, if the quantification of the 
execution errors were to be revised to a 
more detailed, e.g., THERP like method, 
that uses a formal task analysis, it should 
be recognized that other instruments 
should be reviewed. For example, in the 
switchover to sump recirculation 
(Enclosure 5.12 to EP/3/A/1800/001) 
there are steps that could lead to 
undesired operator actions. An example 
is step 29, if valve 3LP-19 could not be 
verified to be open, the response not 
obtained (RNO) is to stop the 3ALPI 
pump. In this case, it is probably not a 
significant issue, since there are 
redundant paths, and in all likelihood, the 
cables for indications are collocated with 
those controlling the valves. This 
comment is included here for 
completeness and not intended to 
suggest that additional work is required 
at this time. Such an activity would be 
beyond the current state of practice. 

 Met 

ES-C1  A simulator review was conducted, 
resulting in 6 instruments being added to 
the equipment list, based in part on 
errors made by operators during 
scenarios. 
 
A "list of SSD devices affected by valid 
process parameters" was provided, with 
ES, ICS, and ICCM groups of instruments. 
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SR Level Observation Basis Cap Cat
ES-C2 Summary The identification of instruments 

performed in the ES task is independent 
of failure mode. Only a limited number of 
instruments were added to those on the 
SSEL (see section 9.7 0f OSC-8978). In 
many cases the argument was made that 
there was sufficient redundant or diverse 
instrumentation to provide the operators 
with the information needed to perform 
the required actions. 

 2 

ES-D1 Summary The ARTAK database models FPRA 
equipment such that: 
 
 - it is clear which equipment will be 
associated with determining initiating 
events in the FPRA plant response model 
for the postulated fires, 
 
- the equipment and its failures including 
spurious operation or indication can be 
modeled appropriately (for required 
equipment only), 
 
- cables associated with the equipment 
can be identified, 
 
- failure modes of interest for the 
equipment are clear so as to support 
circuit analyses if required, and Table 9.5 
of FPRA Summary Report 
NUREG/CR-6850 Task 16 Revision D 
documents  
 
- justifications with regard to equipment 
considered but screened out of the FPRA 
including when meeting SR ES-A3 
relevant to meeting SR IE-C4 in the ASME 
PRA Standard for initiating events, 
meeting SR ES-B6 for the mitigating 
equipment to be credited in the FPRA, 
and using the “exception” under SR ES-C2 
for instrumentation considerations. 

 Met 
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SR Level Observation Basis Cap Cat
SUPPORTING REQUIREMENTS FOR CABLE SELECTION 

CS-A1 Summary The ARTRAK database has a list of all 
power, input, output, and sensing cables 
for each equipment item. Ensured cables 
whose fire-induced failure could 
adversely affect selected equipment 
and/or credited functions in the FPRA 
plant response model are in the FPRA 
model. Reviewed cables related to 
PORVs, Block valves, Emergency 
Feedwater, Aux Service water (Feeds SG), 
Feedwater, HP Injection Pumps (Charging 
and Injection), Reactor Head Vents, 
Reactor Sample valves, Reactor Coolant 
Make-up Pumps (RCP Seal Cooling), 
Component Cooling pumps, Low Pressure 
Service Water Cooling, Circulating 
W(CCW), Letdown valves, Containment 
Spray, Low Pressure Safety Injection./ 
Shutdown Cooling, Power (4KV, Load 
Centers, MCCs, DC Buses, AC Emergency), 
SSF Diesel Water Cooling (From CCW), 
and Keowee and determined cables are 
included in ARTRAK. 
 
Reviewed Pressurizer Relief Valve 3RV-67 
for cables associated with relays K3 and 
K4 (Pressurizer Level and Pressure) 
instrumentation to determine if cables 
are modeled in the FPRA. As per 
referenced drawings and ARTRAK Cable 
database K3 and K4 cables were 
considered in the FPRA model. 

 Met 
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SR Level Observation Basis Cap Cat
CS-A2 Summary Reviewed referenced drawings and 

License Amendment Correspondence 
dated 1981-04-30. An additional circuit 
failure mode has been identified for 
valves 3HP-3, 3HP-23, 3HP-98, and 3LP1. 
This failure mode has not been identified 
previously and is not modeled into the 
FPRA. For each valve a short across the 
open or close limit switch combined with 
operator action and a seal-in circuit 
across the hand switch results in opening 
or closing the valve into the seat or yoke 
such that the valve could be damaged 
and become jammed as per IN 92-18. 
License Amendment correspondence 
dated 1981-04-30 for valves LP-1 and HP-
3 stated that for a Containment fire the 
control power cannot be applied 
inadvertently. Contrary to this operator 
action combined with fire effects and a 
seal in circuit as described above may 
result in valve damage and the valve 
being inoperable. 
 
This scenario is not a significant 
contributor since operator action must 
coincide with an unknown fire which has 
a very low occurrence probability as per 
Kiang Zee. 

 Met 
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SR Level Observation Basis Cap Cat
CS-A2  PIP G-97-00059 documented Oconee's IN 

92-18 issues. The cable analysis given in 
the PIP needs to agree with the licensee’s 
recent Armored Cable Testing. For a 
Control Room fire and for the limited 
number of components reviewed, limit 
switches as described in the PIP do 
protect the circuits from IN 92-18 effects 
except for cables that service multiple 
components. For a MCC related fire, the 
cables from the Control Room and Valve 
terminate at the MCC and then are 
routed in wire bundles. It has not been 
demonstrated that a fire at or near the 
MCC would not cause conductor damage 
and cause valve damage resulting in non-
recoverable damage to motor operated 
valves (MOVs). 
 
This IN 92-18 issue is not a FPRA concern 
since these cable faults are all identified 
in the model and only eliminated when 
the respective failures are adequately 
justified and only if risk levels are high for 
a given scenario as per Kiang Zee. 
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SR Level Observation Basis Cap Cat
CS-A2  Reviewed Oconee FPRA Documentation 

File 031408 Component Selection 
Attachment D (Kiang Zee explained # of 
spurious actuations applicability in table), 
Multiple Spurious Considerations, 51-
5044354-001 OCONEE App R Analysis U 2 
& 3, and the ARTRAK Cable Database for 
circuits whose fire-induced failure of one 
or two or more cables due to multiple hot 
shorts (intra-cable and inter-cable), by 
themselves, could adversely affect 
selected equipment due to spurious 
operation(Not applicable for IN 92-18 
circuits). Reviewed cables related to 
PORVs, Block valves, Emergency 
Feedwater, Aux Service water (Feeds SG), 
Feedwater, HP Injection Pumps (Charging 
and Injection), Reactor Head Vents, 
Reactor Sample valves, Reactor Coolant 
Make-up Pumps (RCP Seal Cooling), 
Component Cooling pumps, Low Pressure 
Service Water Cooling, Circulating 
W(CCW), Letdown valves, Containment 
Spray, Low Pressure Safety Injection./ 
Shutdown Cooling, Power (4KV, Load 
Centers, MCCs, DC Buses, AC Emergency), 
SSF Diesel Water Cooling (From CCW), 
and Keowee and determined analysis 
results are included in ARTRAK. 

  

CS-A3 Summary Reviewed Pressurizer Relief Valve 3RV-67 
for cables associated with relays K3 and 
K4 (Pressurizer Level and Pressure) 
instrumentation to determine if cables 
are modeled in the FPRA. As per 
referenced drawings and ARTRAK Cable 
database K3 and K4 cables were 
considered in the FPRA model. 
 
Reviewed HP Injection Pumps 3HP-23 and 
3HP-98 for power feed circuits. All MCC, 
Load Center, and 4KV required cables are 
in ARTRAK. 

 Met 
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SR Level Observation Basis Cap Cat
CS-A4 Summary OCONEE FPRA Documentation File 

031408 Cable Selection Sections 3.2 and 
3.3 may not have considered manual 
actions when transferring from Normal 
Power to Alternate Power in the FPRA 
model. 
 
FPRA model does not credit Bus transfer 
scenarios that require manual actions as 
per Kiang Zee. 

 Met 

CS-A4  Reviewed Pressurizer Relief Valve 3RV-67 
cables associated with relays K3 and K4 
(Pressurizer Level and Pressure) 
instrumentation to determine if the 
adverse fire effects are modeled in the 
FPRA. As per referenced drawings and 
ARTRAK Cable database K3 and K4 cable 
adverse fire effects were considered in 
the FPRA model. 
 
Reviewed high pressure (HP) Injection 
Pumps 3HP-23 and 3HP-98 for power 
feed circuit adverse fire effects. All MCC, 
Load Center, and 4 kilo-volt (KV) required 
cable adverse fire effects are in ARTRAK. 
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SR Level Observation Basis Cap Cat
CS-A5 Summary Reviewed circuits whose cable conductor-

to-ground and conductor-to-conductor 
shorts (both intra-cable and inter-cable) 
as potential could adversely affect FPRA 
equipment. Reviewed cables related to 
PORVs, Block valves, Emergency 
Feedwater, Aux Service water (Feeds SG), 
Feedwater, HP Injection Pumps (Charging 
and Injection), Reactor Head Vents, 
Reactor Sample valves, Reactor Coolant 
Make-up Pumps (RCP Seal Cooling), 
Component Cooling pumps, Low Pressure 
Service Water Cooling, Circulating 
W(CCW), Letdown valves, Containment 
Spray, Low Pressure Safety Injection./ 
Shutdown Cooling, Power (4KV, Load 
Centers, MCCs, DC Buses, AC Emergency), 
SSF Diesel Water Cooling (From CCW), 
and Keowee and determined analysis 
results are included in ARTRAK. 

 Met 

CS-A6 Summary Reviewed circuit failure modes associated 
with the effects of circuits de-energizing 
as a result of the design operation of 
overcurrent protective devices 
responding to fire-induced cable short 
circuits that could adversely affect FPRA 
equipment. Reviewed cables related to 
PORVs, Block valves, Emergency 
Feedwater, Aux Service water (Feeds SG), 
Feedwater, HP Injection Pumps (Charging 
and Injection), Reactor Head Vents, 
Reactor Sample valves, Reactor Coolant 
Make-up Pumps (RCP Seal Cooling), 
Component Cooling pumps, Low Pressure 
Service Water Cooling, Circulating 
W(CCW), Letdown valves, Containment 
Spray, Low Pressure Safety Injection./ 
Shutdown Cooling, Power (4KV, Load 
Centers, MCCs, DC Buses, AC Emergency), 
SSF Diesel Water Cooling (From CCW), 
and Keowee and determined analysis 
results are included in ARTRAK. 

 Met 



 
  Oconee Unit 3 Fire PRA Pre-Submittal Audit
 

June 24, 2008 - A-19 - 
 

SR Level Observation Basis Cap Cat
CS-A7 Summary As per NUREG/CR-6850 (pages 9-9) "Case 

3: Armored cable or cable in dedicated 
conduit. Three-phase proper polarity 
faults are not considered credible for 
armored power cable or a single triplex 
cable in a dedicated conduit. The basis for 
exclusion is that multi-conductor-to-
multi-conductor hot shorts are not 
plausible given the intervening grounded 
barrier (i.e., the armor or conduit)." Since 
all applicable 3 phase cables are armored 
cables at OCONEE 3, this requirement is 
met. 

 Met 

CS-A8  ONS uses armored cables with thermoset 
insulation exclusively inside containment. 
Per FPRA Cable Selection Report 
NUREG/CR-6850 Task 3 R0237-05-
0001.03: "The basis for excluding 
spurious operation as a result of a fire in 
containment is due to a combination of: 
1) inter-cable hot shorts involving 
armored cables are not considered 
credible, and 2) intra-cable hot shorts 
involving heater control power or lamp 
control power conductors located 
downstream of the MCC are not capable 
of energizing the coil." 

 Met 
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CS-A9 Summary Scenarios requiring two proper polarity 

inter-cable hot shorts on an ungrounded 
DC system (e.g., repositioning of a DC 
powered valve with the breaker for the 
DC circuit open where the only cable in 
the area is associated with the DC power 
cable) were not considered credible for 
thermoset insulated armored cables. 
However, wire bundles inside panels or 
cabinets should consider this failure 
mode since it is not IAW RIS 2004-03. 
 
Circuits are identified in FPRA model. Fire 
initiators at the cabinets or panels would 
consider these fire effects as per Kiang 
Zee. . 

 Met 

CS-A10 Summary Specific information on cable routing 
through fire compartments is available in 
the ARTAK database, specifically including 
both ends of the cable, and raceways, 
with the exception of the "Y2" 
components, where cable location is TBD, 
and the "Y3" components, where cable 
routing information is considered to not 
be worth the effort necessary to obtain it. 
Quote from the Cable Selection Report: 
"In order to facilitate the compartmental 
analysis, the cable information has been 
segregated into fire compartments that 
are made up of one or more Appendix R 
fire zones. In some cases, the fire 
compartments cannot be defined as 
having an enclosed fire boundary. 
Accordingly, a given scenario may identify 
one or more targets that are not in the 
same zone as the ignition source. In this 
case, it will be necessary to add the 
cables associated with each target (e.g., 
cable tray) to the zone in order to 
adequately address the attendant 
component failures associated with the 
given scenario." 

 1 
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CS-A11 Summary Cable routing is assumed for "Y3" group 

cables. Cables are sorted into Y1 
(Credited in safe shutdown analysis, 
known location) Y2 (Credited in safe 
shutdown analysis, TBD location), and Y3 
components linked to one or more PRA 
basic events that will be assumed to be 
“failed” in every compartment in lieu of 
assembling the cable routing information 
necessary to credit their operation in the 
event of a fire. 

 Met 

CS-B1 Finding Plant personnel self-identified some 
issues with overcurrent coordination 
during the inspection. The plant is 
working to resolve issues with molded-
case circuit breaker instantaneous 
overcurrent tripping coordination. 

F&O CS-B1-1 Not 
Met 

CS-C1 Summary The cables associated with a particular 
equipment item are listed with the item 
in ARTAK. The ARTRAK database 
facilitates FPRA applications, upgrades, 
and peer review, allowing the user to 
"fail" a cable or component, or specify 
failure of all equipment in a particular 
Fire Compartment, from this it will 
provide any additional equipment that is 
taken out of service or impaired by the 
postulated failures. 

 Met 

CS-C2 Summary The ARTAK database includes reference 
to original plant documents such as P&I 
Drawings for cable routing and for which 
cables are connected to an equipment 
The ARTAK database maintains a record 
of all changes, including which authorized 
user made the change and when it was 
made. 

 Met 
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CS-C3 Summary The general assumed cable routing for 

these "Y3" components is given in tables 
and text in section 2.3 of the reference 
document - FPRA Cable Selection Report 
NUREG/CR-6850 Task 3 (R0237-05-
0001.03t): This cable selection report 
states: "...the Y3 entry is presumed failed 
unless specifically excluded for a given 
compartment or scenario. This is 
generally a much less rigorous process 
than assembling the cable information for 
a component or a group of components 
that comprise a system." Use of the 
provision of SR CS-A11is inherently a 
judgment call, the examples cited in the 
report seem to be reasonable 
applications of this exemption 

 Met 

CS-C4 Finding No specific documentation of overcurrent 
coordination was provided during the 
inspection. . 

F&O CS-C4-1 Not 
Met 

SUPPORTING REQUIREMENTS FOR QUANTITATIVE SCREENING 
QLS-A1 Summary 18 Buildings/structures qualitatively 

screened out. Maintenance Support Bldg, 
Service Bldg, Admin Bldg, and cluster of 
building north east of plant identified for 
further analysis but no further analysis 
identified. 

 Met 

QLS-A2 Summary Building/Structure screening criteria 
explicitly described on page 22 (building 
PAU screening) of OSC-8979. Criteria 
include, fire in PAU does not lead to plant 
trip or require TS shutdown, and does not 
fail PRA or safe shutdown component. 

 Met 

QLS-A3 Finding 22 buildings structures screened, 4 left 
unresolved. 

F&O QLS-A3-1 Not 
Met 

QLS-A4 Summary Qualitative screening of ignition sources 
resulted in excluding some sources from 
development if ignition source itself is not 
credited and it cannot impact credited 
targets (no local definition of "credited" 
but most likely components that are in 
the PRA or safe shutdown lists). 

 Met 
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QLS-B1 Summary Screening criteria explicitly described on 

page 22 (building PAU screening) and 
page 3 (ignition source screening). Fire in 
PAU does not lead to plant trip or require 
TS shutdown, and does not fail PRA or 
safe shutdown component. Ignition 
source screening if source is not a target 
and no PRA targets can be affected. 

 Met 

QLS-B2 Summary Extensive tables identifying final 
disposition of all PAUs and ignition 
sources (aside from 4 buildings 
unresolved). 

 Met 

QLS-B3 Summary Buildings and ignition sources screened 
out identified as well as criteria used. 

 Met 

SUPPORTING REQUIREMENTS FOR PLANT RESPONSE MODEL 
PRM-A1 Summary Model results in tables providing PRA 

results for fire ignition source (or PAU) 
specific CCDPs and CLERPS. 

F&O PRM-B1-1 Met 

PRM-A2 Summary Large fault tree model capable of 
collecting inputs and estimating fire CDF 
and LERFs by combining equipment 
failures with ignition frequencies in the 
logic model. However, resolution of the 
findings from the Maracor review has not 
been completed and needs to be 
completed. 

F&O PRM-B1-1 Met 

PRM-A3 Summary Clear link between PAU/ignitions source 
and results, must go the cut-set files to 
identify which initiating event was caused 
by each ignition source. 

F&O PRM-B1-1 Met 

PRM-A4 Summary Used the suite of codes and types of basic 
events that they used for the internal 
events, uncertainty propagation should 
be the same. 

 Met 

PRM-A5 Summary All Equipment and cable location for all 
PRA, safe shutdown, and plant trip 
equipment identified and documented, 
or assumed to be failed. 

 Met 
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PRM-A6 Summary Cables and equipment linked to logic 

models through appropriate basic events 
for all important sequences and ignition 
source 

 Met 

PRM-B1 Finding Oconee used a version of the internal 
events model with a substantial number 
of outstanding issues (see F&O IEPRA-1) 
as the base model. The finding is based 
on the fact that the issues identified in 
the peer review have not been resolved.  

F&O PRM-B1-1 Not 
Met 

PRM-B2 Summary As per R0237-05-0001.5, Rev. G, "Special 
cases also required the application of 
unique fire-specific initiators such as 
%CSFIRE for cable shaft fire scenarios and 
%TB0FIRE for the Control Room 
abandonment scenarios." However, as 
these and the new fire-specific initiator 
for deboration (%T-DEBOR) are ultimately 
mapped directly to existing accident 
sequences initiated by existing internal 
events initiators (HELB for %CSFIRE and 
%TB0FIRE, and Reactor Trip for %T-
DEBOR), there are no new initiating 
events.} Nonetheless, an expert panel 
met to identify the effects of multiple 
spurious failures, some of which could 
initiate Boron dilution and spurious 
pressurize heater operation. These events 
were analyzed (with MAAP) as needed, 
but it was determined that they could all 
be represented by existing initiating 
events. Two unique fire initiating events 
(CSFIRE, TBOFIRE) created from the 
previous (2005) fire model were in the 
logic model but appeared to not have 
been used.  

 Met 

PRM-B3 Suggestion Although some of the FPRA 
documentation discussed new logic 
modes and scenarios, utility and 
contractor PRA personnel stated 
repeatedly that no new logic models 
were needed. 

F&O PRM-B3-1 Met 
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PRM-B4 Suggestion In general, fire induced initiators are 

modeled by assuming an existing 
transient in the model (e.g., turbine trip; 
loss of condenser vacuum) occurs. 
Rational for assigning a given initiator to 
each ignition source should be better 
developed and documented. 

F&O PRM-B4-1 Met 

PRM-B4 
AS-A1 

 (internal events SR referenced by PRM-B4 
and PRM-B5) Update documentation of 
initiating events caused by each ignition 
source which will provide the link to the 
key safety functions. Clarify large fault 
tree structure correspondence with the 
graphical event tree structure, e.g., not all 
event tree sequences carried clearly over 
into large fault tree. 

 Met 

PRM-B4 
AS-A2 

 (internal events SR referenced by PRM-B4 
and PRM-B5) This SR is Met (but see 
PRM-B2) because any fire effects have 
been linked to existing internal events 
fault/event trees, which previously 
identified key safety functions. 

 Met 

PRM-B4 
AS-A3 

 (internal events SR referenced by PRM-B4 
and PRM-B5) This SR is Met (but see 
PRM-B2) because any fire effects have 
been linked to existing internal events 
fault/event trees, which previously 
identified key safety functions. 

 Met 

PRM-B4 
AS-A4 

 (internal events SR referenced by PRM-B4 
and PRM-B5) This SR is Met (but see 
PRM-B2) because any fire effects have 
been linked to existing internal events 
fault/event trees, which previously 
identified key safety functions.  

 Met 

PRM-B4 
AS-A5 

 (internal events SR referenced by PRM-B4 
and PRM-B5) This SR is Met (but see 
PRM-B2) because any fire effects have 
been linked to existing internal events 
fault/event trees 

 Met 
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PRM-B4 
AS-A6 

 (internal events SR referenced by PRM-B4 
and PRM-B5) This SR is Met (but see 
PRM-B2) because any fire effects have 
been linked to existing internal events 
event trees 

 Met 

PRM-B4 
AS-A7 

 (internal events SR referenced by PRM-B4 
and PRM-B5) This SR is Met (but see 
PRM-B2 and AS-A1) because any fire 
effects have been linked to existing 
internal events event trees 

 1&2 

PRM-B4 
AS-A8 

 (internal events SR referenced by PRM-B4 
and PRM-B5) This SR is Met (but see 
PRM-B2) because any fire effects have 
been linked to existing internal events 
event trees 

 Met 

PRM-B4 
AS-A9 

 (internal events SR referenced by PRM-B4 
and PRM-B5) This SR is CC-II based on the 
link between the FPRA and internal 
events PRA. For the internal events PRA, 
SR AS-A9 was originally assigned CC-II in 
the 2001 Peer Review, and this is 
assumed applicable here as well (but see 
PRM-B2) 

 2 

PRM-B4 
AS-A10 

 (internal events SR referenced by PRM-B4 
and PRM-B5) This SR is capability 
category 2 (but see PRM-B2) because any 
fire effects have been linked to existing 
internal events fault/event trees 

 2 

PRM-B4 
AS-A11 

 (internal events SR referenced by PRM-B4 
and PRM-B5) This SR is NA because the 
Oconee model does not use transfers 
between event trees 

 NA 

PRM-B4 
AS-B1 

 (internal events SR referenced by PRM-B4 
and PRM-B5) The CC = Met is consistent 
with the 2006 Maracor Peer Review of 
the Oconee-3a PRA model. 

 Met 
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PRM-B5 Summary This SR is Met (but see PRM-B2) because 

fire effects have been linked to existing 
internal events fault/event trees, which 
previously identified key safety functions 
and no new models were need (but see 
PRM-B3 regarding discovery of fire 
specific initiating events and PRM-b 
about use or non-use of 2005 fire event 
tree). 

 Met 

PRM-B6 Summary Identified events demonstrate a search 
(concentrating on spurious events) that 
included potential changes to timing and 
other mitigating requirements (i.e., 
success criteria). There remains some 
inconsistency in documentation with 
some statements that no new models 
were needed while others state, for 
example, “new initiator and structure 
added.” 

 Met 

PRM-B7 Summary Addition of pressurizer heaters and 
sprays to fire plant response models 
discussed but probably not added 
because scenarios enveloped by existing 
internal events. Deboration determined 
to be unimportant because only 
important during shutdown and not 
added. 

 Met 

PRM-B8 Suggestion Although some documents indicated that 
new models were properly developed, 
utility and contractor statements that 
none of these models needed to be 
added. 

F&O PRM-B8-1 Met 
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PRM-B9 Summary Oconee located all cables required to 

operate equipment. Cable location for 
some cables was not identified if it was 
assumed that the supported components 
always fail after a fire (called an Y3 
component). If necessary, Y3 component 
failures could be removed from the 
guaranteed failed list by reviewing 
specific fire target set and excluding the 
component and its cables from the 
targets. 

 Met 

PRM-
B10 

Summary Existing HRA actions reviewed for 
applicability 

 Met 

PRM-
B11 

Summary No failure events required re-analysis 
given the fire context (excluding human 
actions). Hot short probabilities that are 
not included in the internal events PRA 
were assigned to new events or existing 
events, and failed equipment for each fire 
ignition source identified and assigned 
Failed 

 Met 

PRM-
B12 

Summary Only hot short probabilities assigned. Fire 
failed equipment assigned a failed state. 

 NA 

PRM-
B13 

Summary Existing ISLOC analyses reviewed and new 
containment bypass events were added 
as needed. 

 Met 

PRM-
B14 

Summary No new ISLOCA sequences identified that 
lead to new accident sequences, only 
new failures added to existing sequences. 

 Met 

PRM-C1 Comment 
on 

Standard 

Problem with Fire PRA Standard  NA 

PRM-D1 Finding Final documentation should identify and 
clearly describe all fire related changes 
made to the internal event PRA in one 
document to meet the standard. The 
current documentation provides an 
incomplete and sometimes contradictory 
description of proposed changes versus 
real changes. 

F&O PRM-D1-1 Not 
Met 
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SUPPORTING REQUIREMENTS FOR FIRE SCENARIO SELECTION AND ANALYSIS 

FSS-A1 Suggestion Although hot work fires appear to be 
attributed to most physical analysis units, 
it is not identified in the Unit 3 equipment 
room located in the FPRA Summary 
Report Task 16 Appendix A scenario 
description. Either provide a justification 
for excluding hot work from all zones 
where full fire damage is not assumed, 
i.e. non A zones, or add hot work 
scenario. 

F&O FSS-A1-1 Met 

FSS-A2 Suggestion Need to consider other equipment 
NUREG/CR-6850 Appendix H Section H.2 
with regards to scenarios involving solid 
state control components. 

F&O FSS-A2-1 Met 

FSS-A3 Summary From Section 6.1 of Oconee FPRA 031408 
Tasks 5 FPRA Model Development: Basic 
events linked to Appendix R components 
with known cable routing are assigned 
the Y1 disposition code. Basic events 
linked to components for which the cable 
location information will be determined 
are assigned the Y2 disposition code. 
Other fire affected components with 
unknown cable location information and 
linked directly to basic events are 
assigned the Y3 disposition code. Basic 
events assigned the Y3 disposition code 
are presumed failed unless specifically 
excluded for a given compartment or 
scenario. The credit by exclusion process 
is addressed in the Oconee FPRA 031408 
Tasks 3, 9 and 10 Cable Selection Section 
2.3 Credit By Exclusion (Y3 Components). 

 Met 
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FSS-A4 Summary The information from Oconee FPRA 

031408 Tasks 1 and 6 Partitioning and 
Frequency Attachment A, Fire 
Compartment Ignition Source Data Sheet 
and Oconee FPRA 031408 Tasks 1 and 6 
Partitioning and Frequency Attachment B, 
Walkdown Sheets result in an Ignition 
Source/Scenario Development table 
which represents the fire sources and 
related target sets for each fire 
compartment. This table groups the 
scenario specific target sets so the fire 
compartment impact can be analyzed. 

 Met 

FSS-A5 Finding Horizontal propagation outside zone of 
influence (ZOI) not done yet, as the 
effects of PVC jacket (typically TP) on 
horizontal spread is an open item self 
identified by Oconee. 

F&O FSS-A5-1 Not 
Met 

FSS-A5 Suggestion Suggestion: Oconee has identified the 
need to develop additional fire scenarios 
to evaluate the risk for the safe shutdown 
facility (SSF). These scenarios and their 
risk contribution should be reviewed. 

F&O FSS-A5-2  

FSS-A6 Summary The approach used was to compare the 
cumulative CCDP assuming the fire 
spread from left side of the main control 
board to the right with the cumulative 
CCDP assuming the fire spread from the 
right side of the main control board to 
the left. Once the damage distance 
between key targets was established, the 
probability of damage from 
NUREG/CR-6850 Appendix L was applied 
to the scenario. 

 1&2 

FSS-B1 Suggestion Lost degraded functions should be clearly 
discussed in the documentation of the 
control room abandonment analysis. 

F&O FSS-B1-1 Met 
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FSS-B2 Summary Two abandonment scenarios were 

postulated: Scenario W1 addresses 
Control Room abandonment resulting 
from a Main Control Board (MCB) fire; 
Scenario W2 addresses Control Room 
abandonment resulting from a fire 
originating from all other ignition sources 
(i.e., non Bin 4) in the Control Room. Each 
Control Room fire scenario may be 
divided into a severe and non-severe 
component. The non-severe cases are 
represented by the fire scenarios in 
Attachment A where Control Room 
abandonment is not postulated. The 
severe cases are assumed to lead to 
Control Room abandonment. The method 
used to calculate the CDF for Main 
Control Room Abandonment is given. 
Non Suppression Probability obtained 
from NUREG/CR-6850 Figure P-2. 
Information regarding times and severity 
factors was obtained from the Hughes 
Associates Summary of Control Room 
Abandonment Times at the Oconee 
Nuclear Power Station Unit 3 Preliminary 
Results October 8, 2007. 

 1&2 

FSS-C1 Summary  A two point model is applied for most 
ignition sources. An exception is made for 
transient fire sources, where the 75% 
heat release rate is used alone, and no 
higher HRR is applied. See FSS-D5 for a 
Finding on use of 75% HRR alone for 
transient combustibles 

 2 

FSS-C2 Summary For criteria to establish HGL threshold, 
peak HRR assumed at t=0. For 
development of scenarios for individual 
ignition sources, the peak HRR assumed 
to occur initially as well. 

 1 
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FSS-C3 Summary The choice to apply a peak heat release 

rate initially in the fire scenario is a 
conservative assumption. 
 
No decay is applied for the HRRs due to a 
limitation of fuel; therefore no 
requirement is appropriate 

 NA 

FSS-C4 Suggestion Oconee should verify that hot work can 
reasonably be expected at most, if not all, 
locations in the physical analysis unit at 
an equivalent probability. 

F&O FSS-C4-1 2 

FSS-C5 Finding For those cases with potentially pooling 
thermoplastic, TP characteristics for 
failure should be attributed to Oconee 
cable. 

F&O FSS-C5-1 Not 
Met 

FSS-C6 Summary Thermoset target damage threshold 
applied, consistent with FSS-C5 

 1&2 

FSS-C7 Summary Fixed suppression system and manual 
suppression are not credited in the same 
scenario. Also, no credit is given for 
recovery of a failed fire suppression 
system. 

 NA 

FSS-C8 Summary Oconee does not use cable/raceway fire 
wrap per plant personnel and the March 
17, 2008 morning presentation. Could not 
find any reference to this in the Oconee 
FPRA 031408 document. 

 NA 
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FSS-D1 Summary Attachment B of Oconee FPRA 031408 

Tasks 8 and 11 Scenario Development is a 
summary of scoping fire modeling 
separation distance data for vertical and 
horizontal zone of influence. Combustible 
packages considered in Attachment B are 
transient combustibles, combustible 
liquids, motor fires, pumps with lube oil 
and motors, battery, open electrical 
cabinets, high energy arcing faults, 
hydrogen fires, transformer fires, turbine 
generator fires. Instruction is also given in 
this attachment on how to handle the 
effects on heat release rate based on the 
location of the combustible, i.e., against a 
wall or in a corner. 
 
Hot gas layer criteria were developed 
from Hughes Associates Generic Fire 
Modeling Treatments January 5, 2007. 
The results of the hot gas layer evaluation 
are documented in the spreadsheet 
located in Oconee FPRA 031408 Tasks 8 
and 11 Scenario Development 
Attachment C, Hot Gas Layer 
Compartment Evaluation. 

 Met 

FSS-D2 Summary The Hughes Associates Generic Fire 
Modeling Treatments January 5, 2007 
gives details on the correlations and fire 
model that were used. Many correlations 
were used to compare and contrast the 
output from various inputs. These 
outputs were also compared to the fire 
model CFAST. The fire model CFAST was 
the only zone model used in the 
calculations. Within the document there 
are lists of the assumptions that are used 
when using different correlations and 
CFAST. It appears that these correlations 
and model were used within their 
limitations. 

 Met 
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FSS-D3 Suggestion It is readily seen that the ability to model 

fires near a wall or in a corner has been 
disabled in CFAST version 6.0.10, though 
this is not documented. This needs 
further investigation. 

F&O FSS-D3-1 2 

FSS-D4 Summary The document Hughes Associates Generic 
Fire Modeling Treatments January 5, 
2007 provides the technical justification 
and assumptions used for the inputs to 
CFAST and correlations used. 

 Met 

FSS-D5 Finding Oconee has provided a weak basis for 
applying only the 75% fire HRR for 
transient combustibles, excluding the 
larger HRR. 

F&O FSS-D5-1 1&2 

FSS-D5 Suggestion Provide a basis for those factors applied 
due to the conditional trip probability. 

F&O FSS-D5-2  

FSS-D6 Finding A probability should be developed for 
manual suppression for the fire brigade 
intervening to prevent damage from the 
hot gas layer. 

F&O FSS-D6-1 Met 

FSS-D7 Summary Fixed suppression only credited for MFW 
pump. Those fixed suppression systems 
are maintained in accordance with 
applicable codes and standards; the 
credited system is in a fully operable state 
during plant operation except for 
expected, nominal unavailability; and the 
system has not experienced outlier 
behavior relative to system unavailability. 

 2 

FSS-D8 Summary Fixed suppression system only credited 
for limiting fire damage for one U3 MFW 
pump scenario, i.e., the 100 gallon fire. 
Cable trays in close proximity on the East 
Wall are failed even with successful fixed 
suppression. The cables credited under 
successful fixed suppression are not in 
the immediate vicinity of the oil fire. 
Critical cables are not credited for the 
larger 1000 gallon oil fire 

 Met 
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FSS-D9 Summary Smoke damage to FPRA equipment was 

not considered. There is a no 
requirement listed for capability category 
one, therefore they automatically meet 
capability category one. 

 1 

FSS-D10 Summary Walkdowns were conducted to identify 
fire ignition sources and respective target 
sets within the ZOI according to the 
Hughes guidance. Information from those 
walkdowns were applied in Summary Fire 
Model Scoping Study sheets and the fire 
PRA scenarios 

 2&3 

FSS-D11 Summary Walkdowns were performed to identify 
fire hazards and fire protection systems 
and features. Information from those 
walkdowns was applied in Summary Fire 
Model Scoping Study sheets. 

 Met 

FSS-E1 Summary The document Hughes Associates Generic 
Fire Modeling Treatments January 5, 
2007 gives references for the use of 
material properties used. Most 
information, data, and properties were 
derived from NUREG/CR-6850. 

 Met 

FSS-E2 Summary For fire modeling parameters generic 
estimations were used from the 
referenced documents. 

 Met 
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FSS-E3 Summary The document Hughes Associates Generic 

Fire Modeling Treatments December 11, 
2007 gives many examples of the 
uncertainties in the fire modeling and the 
effect of uncertainties on different 
parameters. Uncertainties in the material 
properties used in the fire modeling are 
also discussed. This is discussed in the 
terms of how the model is sensitive to 
different material properties such as the 
thermal conductivity or thermal 
diffusivity. An example is the gas layer 
temperature. It is very sensitive to the 
boundary materials. The sensitivity is 
such that the results could be 
substantially different if a different 
boundary material were assumed. 

 1 

FSS-E4 Summary Course assumptions regarding locations 
of cables were made from applying the 
plant-specific exclusionary method for Y3 
basic events. 

 Met 

FSS-F1 Summary The turbine building has exposed 
structural steel. Scenarios are developed 
with high hazard sources within the 
turbine building with the potential for 
causing fire-induced failure of exposed 
structural steel. Sources outside the 
turbine building, i.e. yard transformers, 
are also considered for purposes of 
challenging the wall of the turbine 
building. Plant specific mitigating factors 
are discussed with respect to these 
scenarios affecting the turbine building 
 
Oconee provided additional information 
on structural collapse after the team 
initially indicated that all three of the SRs 
were not met. All three of the SRs have 
been adjusted. 

 1&2 

FSS-F2 Summary Capability category one has “No 
Requirement” listed. 

 1 
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FSS-F3 Summary Oconee indicates that failure of a 

structural steel member would not cause 
collapse of the turbine building. However, 
should it collapse, they state that a pre-
existing quantified scenario based upon a 
MFW oil fire bounds the CCDP of failure 
of all components in the turbine building. 

 1 

FSS-G1 Finding Multi-compartment analysis does not 
include a range of potential multi-
compartment fire scenarios. 

F&O FSS-G1-1 Not 
Met 

FSS-G2 Finding No screening criteria for multi-
compartment fires have been defined. 

F&O FSS-G2-1 Not 
Met 

FSS-G3 Finding The analysis has not screened potential 
multi-compartment combinations of 
interest nor defined any multi-
compartment fire scenarios beyond those 
that are inherently captured in the 
treatment of fire scenarios for the turbine 
building fire zones (see PP). 

F&O FSS-G3-1 Not 
Met 

FSS-G4 Finding Multi-compartment analysis is 
incomplete and has not included an 
assessment of credits given to passive fire 
barrier features. 

F&O FSS-G4-1 Not 
Met 

FSS-G5 Finding Active fire barriers have been credited in 
partitioning but not assessed per this SR. 

F&O FSS-G5-1 Not 
Met 

FSS-G6 Finding No assessment of a range of potential 
multi-compartment scenarios has been 
provided. 

F&O FSS-G6-1 Not 
Met 
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FSS-H1 Summary The fire scenarios identify the ignition 

source and damage target set in each 
case, and are organized according to 
physical zones identified by Oconee. 
Should a severity factor and non-
suppression probability be applied for a 
scenario, then its value is identified as 
well in the scenario. This information is 
organized well and facilitates fire PRA 
applications, upgrades, and peer review. 
 
Some physical analysis units do not break 
down into fire scenarios per ignition 
source and these are captured as well in 
the same document. 

 Met 

FSS-H2 Finding Treatment of PVC jacket on cable failure 
is not addressed and is an open item. The 
cable jacket affects Oconee conclusion 
that TS failure criteria should be used. 
Oconee is collecting information 
regarding the PVC jacket to establish the 
nature of the PVC; however, PVC is 
typically thermoplastic material. 

F&O FSS-H2-1 Not 
Met 

FSS-H3 Summary The document Hughes Associates Generic 
Fire Modeling Treatments December 11, 
2007 provides the basis for selection of 
the applied fire modeling tools. 

 Met 

FSS-H4 Summary The document Hughes Associates Generic 
Fire Modeling Treatments December 11, 
2007 documents the fire modeling input 
values used in the analysis of each fire 
scenario. 

 Met 
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FSS-H5 Summary The document Hughes Associates Generic 

Fire Modeling Treatments December 11, 
2007 documents the results for each 
analyzed fire scenario including the 
results of parameter uncertainty. There is 
discussion within the document on the 
impact that uncertainties for certain input 
parameters in the context of the resulting 
fire risk estimates. Specifically the 
variations in output results related in the 
change in material properties used for 
inputs. For each model discussed there is 
usually a set of assumptions listed that 
are applied to that model. 

 3 

FSS-H6 Suggestion Expand documentation to explain area 
ratio approach for hot work. Provide 
discussion that supports the contention 
that using the area ratio is adequate. Also 
provide expanded justification for plant 
specific modification to NUREG/CR-6850 
for only considering 75% HRR for 
transient combustibles, given plant 
records including violations of 
combustible controls. 

F&O FSS-H6-1 
F&O FSS-D5-1 

1 

FSS-H7 Summary Refer to F&O FSS-D6-1. A specific 
example of not meeting 20 minutes for a 
fire was given. References were made to 
former cases as well. 

F&O FSS-D6-1 Met 

FSS-H8 Finding The multi-compartment analysis remains 
incomplete (see FSS-F and its SRs); hence, 
documentation is also incomplete. 

F&O FSS-H8-1 Not 
Met 

FSS-H9 Finding There are no uncertainties listed for 
manual fire brigade suppression which 
limits the development of the hot gas 
layer as given in the document Oconee 
FPRA 031408 Tasks 8 and 11 Scenario 
Development Attachment A, Scenario 
Summary Report. 

F&O FSS-H9-1 Met 

FSS-H10 Suggestion Document results of walkdowns to 
identify targets and raceways within ZOI 
independently of fire PRA itself 

F&O 
FSS-H10-1 

Met 
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SUPPORTING REQUIREMENTS FOR IGNITION FREQUENCY 

IGN-A1 Summary This SR is Met because the 
NUREG/CR-6850 ignition frequency data 
are used and these are based on nuclear 
power history for plants of similar type, 
characteristics, etc. No datum was 
excluded. The NUREG/CR-6850 list of fire 
events between 1993 and 2000 was 
reviewed to confirm that important 
Oconee fire events were included. 

 Met 

IGN-A2 Summary This SR is NA because no datum outside 
the nuclear power industry was included. 

 NA 

IGN-A3 Summary This SR is NA because no engineering 
judgment was required or employed. 

 NA 

IGN-A4 Suggestion Sufficient time has passed since 2000, the 
last fire event date in the EPRI fire events 
database, so that an additional 5 years of 
Oconee experience may be used to 
Bayesian update the generic frequencies. 

F&O IGN-A4-1 3 

IGN-A5 Finding Need to update ignition frequency data 
once NUREG/CR-6850 is updated with the 
correct numbers based on reactor-year 
basis. 

F&O IGN-A5-1 Met 

IGN-A6 Summary This SR is Met because plant-specific 
Bayesian updating was performed in 
order to determine if any generic 
frequencies from NUREG/CR-6850 should 
be adjusted. Only two events met the 
criteria for inclusion and Bayesian update, 
and one of those events was already in 
the EPRI database (pre-2001) and, 
therefore, not used to Bayesian update 
the generic priors. The other event 
affects Bin 21, Pumps. Starting with the 
NUREG/CR-6850 ignition frequency for 
Bin 21 (2.1E-02/ry), and considering one 
additional event in 13.27 additional 
reactor years, the updated frequency is 
3.10E-02/ry. Bayesian update 
spreadsheet BayesSRL.v01_1.xls was used 
for the update. 

 Met 



 
  Oconee Unit 3 Fire PRA Pre-Submittal Audit
 

June 24, 2008 - A-41 - 
 

SR Level Observation Basis Cap Cat
IGN-A7 Summary This SR is Met because the 

NUREG/CR-6850 ignition source counting 
and frequency apportioning methods are 
used, as supplemented by NFPA 805 
FAQs. 
 
For Transient Cable Fires Caused by 
Cutting and Welding (Bins 5, 11, and 31), 
the NUREG/CR-6850 guidance suggests 
using the ratio of quantity of cables in 
compartment to the total quantity in the 
location as one of the weighting factors. 
In lieu of actual cable loading data 
(unavailable at Oconee), this weighting 
factor was based on the number of 
ARTRAK raceways in the compartment. It 
is noted that ARTRAK data typically 
includes "credited" trays as well as 
endpoints which can lead to variations 
with actual cable loading (conservative by 
including endpoints and non-conservative 
by ignoring non-credited trays). 
Additionally, the Unit 3 data includes 
routing points while routing points are 
not generally applicable to the Unit 2 
data (and the Unit 1 data which is 
incomplete). Consequently, the values for 
some compartments were adjusted to 
account for these variations. However, 
the primary objective in using raceway 
data was to provide a means to reflect a 
higher cable fire transient frequency for 
compartments with an expectedly higher 
density of cables. 
 
As per the Discussion, a calculation was 
performed by Oconee staff to verify that 
the sums of ignition bin frequencies 
[ISDS] and physical analysis unit 
frequencies [Section 10] match (i.e., 
"plant-wide fire frequency must be 
conserved"). This calculation was 
provided via Excel spreadsheet "OC Fire 
Ignition Frequency Workbook - 805 
Version N.xls." 

 Met 
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IGN-A8 Summary This SR is CC-III because not only are 

greater-than-zero ignition frequencies 
assigned to every plant physical analysis 
unit, but also each potentially fire-risk-
relevant ignition source has an assigned 
frequency. 

 3 

IGN-A9 Suggestion Recalculate ignition frequencies for 
transient activities in physical analysis 
units based on reassignment of values for 
LDST Rooms. 

F&O IGN-A9-1 Met 

IGN-A10 Summary This SR is CC-III because (1) use of the 
NUREG/CR-6850 fire ignition frequencies 
carries with it fully characterized 
uncertainty distributions; and (2) the Bin-
21 frequency resulting from plant-specific 
Bayesian update also has a fully 
characterized uncertainty distribution 
analogous to those for the 
NUREG/CR-6850 ignition frequencies. 

 3 

IGN-B1 Summary This SR is Met per the documentation in 
OSC-8979. 

 Met 

IGN-B2 Summary This SR is Met per the documentation in 
OSC-8979. 

 Met 

IGN-B3 Summary This SR is Met per the documentation in 
OSC-8979. 

 Met 

IGN-B4 Summary This SR is Met per the documentation in 
OSC-8979. 

 Met 

IGN-B5 Suggestion In OSC-8979, include reference to (or 
include specifically) the discussion of 
ignition frequency uncertainties in 
NUREG/CR-6850, including parametric 
values for the generic frequencies. 

F&O IGN-B5-1 Met 
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SUPPORTING REQUIREMENTS FOR QUANTITATIVE SCREENING 

QNS-A1 Summary During the building structure screening 
defined the criteria that overall fire 
frequency in a building structure that is 
less than 10X lower than internal events 
initiating frequency assuming same level 
of fire damage could be screened out. 
Physical analysis units (PAUs) and fire 
ignition sources within PAUs with a <10E-
7 CDF were not further evaluated by an 
ignition source analysis but conservative 
CDF (assuming all possible targets failed) 
included in final results. 

 Met 

QNS-B1 Summary Unclear if quantitative screening applied 
to buildings structures defined in OSC-
8979 (see QNS-A1) was ever applied, 
although the final screening of 4 non-
qualitative screened structures is 
unknown. 

 Met 

QNS-B2 Summary The PAUs that were screened from 
ignition source analysis were retained 
and identified for consideration during 
the multi-compartment scenarios. This is 
important because PAUs are not 
separated by walls and a fire in one PAU 
might easily fail a component in another 
PAU - this would not be found unless an 
ignition specific analysis was done. The 
screened PAUs are carried over to the 
multi-compartment analysis. 

 Met 

QNS-C1 Summary Quantitative screening criteria (buildings 
structures) were defined based on less 
than 10% of internal event initiating 
event frequency for same damage event. 
So high risk areas most likely not 
screened out but no evaluation to 
demonstrate satisfying Cat II or III was 
met because there was no evaluation 
relating criteria on initiating event 
frequency to risk significance  

 1 
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QNS-D1 Summary Disposition of 4 building structure PAUs 

left open, possibly based on quantitative 
screening. Maintenance Support Bldg, 
Service Bldg, Admin Bldg, and cluster of 
building north east of plant identified for 
further analysis but no further analysis 
identified. See F&O QLS-A3-1. 

 Met 

QNS-D2  Table provided of buildings structures 
PAUs screened out and reason (aside 
from 4 not finally dispositioned in QNS-
D1). Each fire PAU has one or more table 
entries. From these table entries it can be 
determined if the PAU was quantified as 
one unit, or if it was broken up into 
ignition sources. 

 Met 

SUPPORTING REQUIREMENTS FOR CIRCUIT FAILURES 
CF-A1 Suggestion Basic event GHP014BDEX, which appears 

in the cutsets for AB089Y7 (0.3), should 
be added to the altered events list by 
Oconee staff, if appropriate. Oconee staff 
should add discussion to the altered 
events table for the three basic events 
cited by Note 5 as candidates for "further 
circuit analysis" (FEF0038MVT, 
FEF0047MVT, and HHP0031AVT), but for 
which failure probabilities of 1.0 were 
actually assigned. 

F&O CF-A1-1 2&3 

CF-A2 Suggestion Include the uncertainty values from 
NUREG/CR-6850 directly into the 
documentation. 

F&O CF-A2-1 Met 

CF-B1 Suggestion Consider adding the additional discussion 
in SR A2 to the documentation. 

F&O CF-B1-1 Met 

SUPPORTING REQUIREMENTS FOR HUMAN RELIABILITY ANALYSIS 
HRA-A1 Finding No documentation that for each fire 

scenario, for each safe shutdown action 
carried over from the Internal Events 
PRA, each action remains valid in the 
context of the Fire PRA 

F&O HRA-A1-1 Met 

HRA-A1 
HR-E1 

 (internal events SR referenced by HRA-A1 
and HRA-A2) See comment on HRA-A1. 

 Met 
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HRA-A1 
HR-E2 

 (internal events SR referenced by HRA-A1 
and HRA-A2) The actions that are 
analyzed fall into both categories in the 
requirement. 

 Met 

HRA-A1 
HR-E3 

 (internal events SR referenced by HRA-A1 
and HRA-A2) Since no new actions were 
identified, the category associated with 
this SR is the same as for the internal 
events. 

 Met 

HRA-A1 
HR-E4 

 (internal events SR referenced by HRA-A1 
and HRA-A2) No evidence of any 
simulator observations or talk-throughs. 

 1 

HRA-A2 Summary There are no fire-specific safe shutdown 
actions included in the model (Ed 
Simbles). There are no Appendix R 
manual actions, except for those taken to 
remove power from those minor lines 
associated with the main steam lines 
after they have been closed, to prevent 
them reopening if there were spurious 
actuation (Camden Eflin). 
 
However, on further review there are a 
number of fire-scenario specific HFEs, 
CASWHPIDHE and CEF0ASWDHE, that 
were included in Rev 3 of the fire PRA 
model that were incorporated into the 
current fire PRA model. 

 Met 

HRA-B1 Suggestion No new HFEs were added nor were 
existing HFEs modified. However, HR-F2 
requires the definition of the HFEs to 
include accident sequence specific timing 
of cues. This needs to be verified to 
conclude that the HFE definitions are still 
valid. 

F&O HRA-B1-1 NA 

HRA-B1 
HR-F1 

 (internal events SR referenced by HRA-B1, 
HRA-B2 and HRA-B3) The events 
CASWHPIDHE and CEF0ASWDHEare 
defined appropriately in terms of impact 

 NA 

HRA-B1 
HR-F2 

Summary (internal events SR referenced by HRA-B1, 
HRA-B2 and HRA-B3) See comment on 
HRA-B1. 

 Met 
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HRA-B2 Finding For events CASWHPIDHE and 

CEF0ASWDHE the definition of the HFEs is 
not as detailed as that for the other HFEs. 
 
Rob Boyer (Duke Energy Carolinas, LLC) 
agreed and indicated that this 
documentation would be improved.  

F&O HRA-B2-1 Not 
Met 

HRA-B3 Summary None identified.  NA 
HRA-C1 Finding The approach to the quantification of the 

HEPs is to revise the internal events HEPs 
using a set of rules revising the HEPs 
based on, among other things, allowable 
action time. The basis, or the set of 
assumptions upon which this set of rules 
is based is not provided. This does not 
seem to have been applied correctly. 
 
See also HRA-C1-HR-G4 through 7. 

F&O HRA-C1-1 Not 
Met 

HRA-C1 
HR-G1 

 (internal events SR referenced by HRA-
C1) Screening values have been used for 
all HEPs, 

 1 

HRA-C1-
HR-G2 

 (internal events SR referenced by HRA-
C1) The screening values are based on the 
existing HEPs, the method for which, in 
principle, includes failure in cognition as 
well as execution. 

 Met 

HRA-C1 
HR-G3 

Suggestion (internal events SR referenced by HRA-
C1) The approach used for the cognitive 
contribution is to use either the CBDT 
method or the original HCR method. The 
latter has been superseded by the EPRI 
ORE/HCR method, since the basis for the 
original HCR was unsupported by the ORE 
project back in the late 1980s. 
Recommend changing from the HCR to a 
newer methodology (e.g., the HCR/ORE) 
in the revision 4 update of the PRA. 

F&O HR-G3-1 Met 

HRA-C1 
HR-G4 

 (internal events SR referenced by HRA-
C1) For events CASWHPIDHE and 
CEF0ASWDHE the basis for the time 
available is not provided 

F&O HRA-C1-1 Not 
Met 
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HRA-C1 
HR-G5 

 (internal events SR referenced by HRA-
C1) For events CASWHPIDHE and 
CEF0ASWDHE the basis for the timing is 
not provided. 

F&O HRA-C1-1 Not 
Met 

HRA-C1 
HR-G6 

Finding (internal events SR referenced by HRA-
C1) There is no evidence that the fire 
related post-initiator HEP quantifications 
have been checked for consistency. 

F&O HRA-C1-2 Not 
Met 

HRA-C1-
HR-G7 

Finding In reviewing the documentation for ZHFC-
2-058 there is evidence that there is a 
lack of appreciation of the relative timing 
of events. The comment in the 
documentation on relative timing focuses 
on cognitive response time (2 minutes 
and 15 minutes for the two events 
(NSF0RCMDHE and CASWHPIDHE) 
respectively. However, these two events 
are separated in time by a significant 
time, the first event being required at 30 
minutes, the second at four hours 
respectively. 
 
The dependency evaluations should be 
reviewed carefully for the internal events 
model and the fire model. 

F&O HR-G7-1 Not 
Met 

HRA-C1 
HR-G9 

 (internal events SR referenced by HRA-
C1) Met to the extent that it is met in the 
internal events. 

 Met 

HRA-D1 Summary Relatively few recovery events are 
included and are evaluated according to 
the screening rules. 

 Met 

HRA-E1 Finding There is no documentation to describe 
the procedures and their use during a fire 
scenario. There is no documentation of 
the assumptions underlying the screening 
approach. There is no justification that 
the timing associated with the analyzed 
HFEs is appropriate for the accident 
scenarios. 

F&O HRA-E1-1 Not 
Met 
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SUPPORTING REQUIREMENTS FOR SEISMIC FIRE 

SF-A1 Summary As part of the IPEEE, each zone was 
walked down to determine if there was a 
potential for a seismic event to damage 
equipment resulting in fire ignition, 
propagation, increased fire hazard, or 
cause a PRA Event. 

 Met 

SF-A2 Finding A seismic induced assessment of the 
potential for diversion of suppressants 
from areas where needed for fire 
suppression systems associated with a 
common suppressant supply was not 
conducted. 

F&O SF-A2-1 Not 
Met 

SF-A3 Summary The IPEEE review of seismic/fire 
evaluation did not include an assessment 
of the potential for common-cause failure 
of multiple fire suppression systems due 
to the seismically-induced failure of 
supporting systems such as fire pumps, 
fire water storage tanks, yard mains, 
gaseous suppression storage tanks, or 
building stand-pipes. 
 
However, Oconee fire brigade response 
procedure and mutual aid agreement is 
designed for the loss of fire fighting water 
event and the ability to use portable 
water pumps or offsite fire department 
fire trucks to pump lake water to conduct 
fire fighting. 

 Met 

SF-A4 Finding The plant seismic response procedures 
covers seismically induced flooding, but 
not seismically induced fire. 

F&O SF-A4-1 Not 
Met 

SF-A5 Finding No assessment has been conducted on 
the potential that an earthquake might 
compromise one or more of the fire 
brigade. 

F&O SF-A5-1 Not 
Met 

SF-B1 Summary The seismic/fire interface review was 
done in the 90's as part of the IPEEE and 
the results are documented in a number 
of places that are accessible for review 
within the site NEDL system. 

 Met 
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SUPPORTING REQUIREMENTS FOR FIRE RISK QUANTIFICAITON 

FQ-A1 Summary Cable/ignition source/component data 
bases appropriately link the failures into 
the basic events and can substitute failed 
(or circuit failure probabilities) into the 
model. The substitution is done before 
the model is reduced and quantified. 

 Met 

FQ-A2 Finding Fire scenarios frequencies are 
documented and reported based on PAU 
and/or ignition source. The 
corresponding Failed components are 
identified, but there is no identification of 
which initiating event is initiated by the 
fire. 

F&O FQ-A2-1 Not 
Met 

FQ-A3 Summary Assembled and integrated by the 
software package used. 

 Met 

FQ-A4 Summary Quantification using only point estimates 
so Corresponds to capability category 1 
from internal events SR QU-A2b. 

 Met 

FQ-A4 
QU-A1 

 (internal events SR referenced by FQ-A4) 
Integration performed using same code 
package as internal events. Throughout 
the study specific initiating events are not 
used. Alternative method of failing 
equipment can result in the correct 
numerical results. 

 Met 

FQ-A4 
QU-A2a 

 (internal events SR referenced by FQ-A4) 
Licensee used plant wide fault tree 
method, not linked fault trees or split 
fractions. 

 Met 

FQ-A4-
QU-A2b 

 (internal events SR referenced by FQ-A4) 
Point estimate only. 

 1 

FQ-A4 
QU-A3 

 (internal events SR referenced by FQ-A4) 
Same code package used for internal 
events. Discrimination down to basic 
event level. 

 Met 

FQ-A4 
QU-A4 

 (internal events SR referenced by FQ-A4) 
HEP modified by generic factors 
associated with fire effects, not scenario 
specific modifications. 

 Met 
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FQ-B1 Finding Internal events QU-B3 is incorporated by 

reference and is not met: An iterative 
demonstration of convergence versus 
truncation level has not yet been 
performed. 

F&O FQ-B1-1 Not 
Met 

FQ-B1 
QU-B1 

 (internal events SR referenced by FQ-B1) 
Used same code package as used for 
internal events. 

 Met 

FQ-B1 
QU-B2 

 (internal events SR referenced by FQ-B1) 
Used, in general, 1E-8 for CCDP, which is 
an effective CDF cutoff of several orders 
of magnitude lower (depending on the 
fire ignition frequency). Based on looking 
at a range of CCDP values, this cutoff 
appears acceptable. 

 Met 

FQ-B1 
QU-B3 

 (internal events SR referenced by FQ-B1) 
An iterative demonstration of 
convergence versus truncation level has 
not yet been performed. 

F&O FQ-B1-1 Not 
Met 

FQ-B1 
QU-B4 

 (internal events SR referenced by FQ-B1) 
The code package uses min-cut upper 
bound (MCUB). 

 Met 

FQ-B1 
QU-B5 

 (internal events SR referenced by FQ-B1) 
Utility and contractors stated that no new 
models were needed. 

 NA 

FQ-B1 
QU-B6 

 (internal events SR referenced by FQ-B1) 
Done through use of "one top gate" 
model. 

 Met 

FQ-B1 
QU-B7a 

 (internal events SR referenced by FQ-B1) 
Evaluation performed and documented. 
Mutually exclusive events (valve fails 
open/valve fails closed) were left in the 
model except for PORV. Statement made 
that all other mutually exclusive events 
are insignificant. 

 Met 

FQ-B1 
QU-B7b 

 (internal events SR referenced by FQ-B1) 
Mutually exclusive cutsets are deleted 
using the rule based recovery file. 

 Met 
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FQ-B1 
QU-B8 

 (internal events SR referenced by FQ-B1) 
The model is being solved setting failed 
equipment to TRUE and then solved 
again, as a logic check, with the failed 
equipment set to 1.0. 

 Met 

FQ-B1 
QU-B9 

 (internal events SR referenced by FQ-B1) 
Modules, subtrees, or split fractions are 
not used to facilitate the quantification. 

 NA 

FQ-C1 Finding Using nominal HEPs during quantification 
can result in cutsets being truncated. Rule 
Based Recovery (RBR) will not correct 
this, since the cutsets are not present in 
the results. 

F&O FQ-C1-1 Not 
Met 

FQ-D1 Summary LERF is quantified with a large fault tree 
as is CDF. There are no intermediate core 
damage states. Fault trees resulting in 
high or low pressure core pressure ate 
vessel failure are "anded" directly with 
basic events containing a generic 
conditional containment probability given 
RCS pressure (0.05 given for high 
pressure and no Hot leg creep (0.70), and 
0.01 given low pressure and some 
sequences with hot leg creep). As 
summarized in PRM-B1 Oconee used an 
inadequate version of the internal events 
model as the base model based on their 
failure to resolve multiple F&Os from the 
Maracor review. There are many F&Os 
are related to the LERF analysis. 

 Met 

FQ-E1 Finding The chosen method (see PRM-FQ-A) does 
not produce different significant 
contributor categories to support results 
review. As of audit review, limited review 
of available results had been performed.  

F&O FQ-E1-1 Not 
Met 
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FQ-F1 Finding It is not possible to see the initiating 

event assigned to each scenario unless 
one looks in the cut-set output files and 
deduces the initiating event based on the 
failed equipment. Method used by the 
licensee can produce the correct 
numerical results without meeting the 
standard. 

F&O FQ-F1-1 Not 
Met 

FQ-F2 Summary The fire PRA documentation did not claim 
that referenced internal event HLRs and 
SRs were not applicable; therefore, this is 
not applicable. 

 NA 

SUPPORTING REQUIREMENTS FOR UNCERTAINTY AND SENSITIVITY 
UNC-A1 Finding Not reviewed. When the analysis is 

complete and stable, the sources of 
model uncertainty should be identified. 

UNC-A1-1 Not 
Rev 

UNC-A2 Finding Not reviewed. The analysis is not yet at 
the stage where the assessment of 
parameter uncertainty is necessary. 
However, this will be met only to the 
extent that the other SRs identified are 
met. 

UNC-A1-1 Not 
Rev 

UNC-A3 Summary This was not reviewed, since it the intent 
of the staff to take exception to this as 
being unnecessary in the context of the 
base PRA. 

 NA 
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SR Level Observation Basis Cap Cat
SUPPORTING REQUIREMENTS FOR CONFIGURATION CONTROL/MODEL UPDATE 

Monitor changes in the design, operation, maintenance, and industry-wide 
operational history that could affect the FPRA. 

MUD-A1 

Summary XSAA-104 requires monitoring plant 
experience for impact on PRA IE and 
failure rate data based on a review of the 
PIP (corrective action program) database. 
XSAA-110 has limited guidance to look for 
IE and failures that should be 
incorporated into the data update. No 
evidence of industry-wide operational 
history monitoring. XSAA-101 monitors 
plant hardware changes, TS changes, EP, 
AP changes and industry events 
(references NSD 415 - not reviewed). 
Checklist in Ref XSAA-101 includes impact 
on fires, floods, seismic, tornados as well 
as internal events 

 Met 

Include inputs that impact operating procedures, design configuration, initiating 
event frequencies, system or sub-system unavailability, and component failure 
rates. 

MUD-A2 

Summary See MUD-A2 for detailed discussion.  Met 
Monitoring of changes to the FPRA technology and industry experience that could 
change the results of the FPRA model. 

MUD-A3 

Suggestion Add procedural guidance on how to 
capture general industry events, 
operating experience feedback, or other 
information that could challenge PRA 
model assumptions, point to new failure 
modes or mechanisms, or reveal new 
event scenarios do not appear to be 
captured in the procedures. Note that 
fire-specific guidance is not provided. 

F&O MUD-A3-
1 

Met 

MUD-A3 Suggestion Suggestion: Add language to monitor 
updated or new methodologies as 
appropriate. 

F&O MUD-A3-
2 

 

FPRA’s representation of the as-built, as-operated plant is sufficient to support the 
applications for which it is being used. 

MUD-B1 

Suggestion The fire PRA being developed to support 
NFPA 805 transition is not specifically 
included in the scope of the model 
update procedures. 

F&O MUD-B1-
1 

Met 
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SR Level Observation Basis Cap Cat
Changes in FPRA inputs or discovery of new information identified pursuant to 
paragraph 1-5.3 shall be evaluated to determine whether such information 
warrants FPRA maintenance or FPRA upgrade. 

MUD-B2 

Summary XSAA-106 does not specifically include 
the fire PRA being developed to support 
NFPA 805 transition. Refer to F&O MUD-
B1-1. 

 Met 

Changes that would impact risk-informed decisions should be prioritized to ensure 
that the most significant changes are incorporated as soon as practical. 

MUD-B3 

Summary XSAA-106 does not specifically include 
the fire PRA being developed to support 
NFPA 805 transition. Refer to F&O MUD-
B1-1. 

 Met 

Changes that are relevant to a specific application shall meet the SRs pertinent to 
that application as determined through the process described in paragraph 1-3.5 

MUD-B4 

Finding Fire standard needs to be referenced in 
XSAA-106 and the fire PRA model should 
be explicitly in the scope of the 
procedure. 

F&O MUD-B4-
1 

Not 
Met 

Changes to a FPRA due to FPRA maintenance and FPRA upgrade shall meet the 
requirements of the Technical Requirements Section of each respective Part of this 
Standard. 

MUD-B5 

Summary See F&O MUD-B4-1 for discussion 
regarding lack of reference of fire or 
combined PRA standard. 

F&O MUD-B4-
1 

Not 
Met 

Upgrades of a FPRA shall receive peer review in accordance with the requirements 
specified in Section 1-6, but limited to aspects of the FPRA that have been 
upgraded. 

MUD-B6 

Summary See F&O MUD-B4-1 for discussion 
regarding lack of reference of fire or 
combined PRA standard. 

F&O MUD-B4-
1 

Not 
Met 

Consider the cumulative impact of pending changes on the application being 
performed. 

MUD-C1 

Summary XSAA-106 covers this. As stated in F&O 
MUD-B1-1, the fire PRA being developed 
to support NFPA 805 transition is not 
specifically included in the scope of the 
procedure and should be added to the 
scope. 

 Met 
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SR Level Observation Basis Cap Cat
Evaluate the impact of a FPRA change on previously implemented risk-informed 
decisions that relied upon FPRA information and that affect the safe operation of 
the plant. 

MUD-D1 

Other XSAA-106 requires that risk applications 
in enclosure 3 be evaluated, and notes 
that the list is not all-inclusive. However, 
as noted in MUD-B4-1, the fire PRA 
model is not explicitly referenced in the 
procedure. Further, the NFPA 805 
application is not within scope of the 
procedure. However, this is not a 
"finding' because this portion of the 
requirement is slated for removal from 
the PRA standard in a future revision. 

 NA 

The computer codes used to support and to perform FPRA analyses shall be 
controlled to ensure consistent, reproducible results. 

MUD-E1 

Finding The FRANC computer code and 
corresponding Microsoft Access 
databases have not been evaluated and 
documented at any software and data 
quality assurance (SDQA) classification 
per NSD-800. 

F&O MUD-E1-
1 

Not 
Met 

Documentation of the Configuration Control Program and of the performance of 
the above elements shall be adequate to demonstrate that the FPRA is being 
maintained consistently with the as-built, as-operated plant. 

MUD-F1 

Summary Met, based on review of Duke Energy 
Carolinas, LLC procedures. 

 Met 

The documentation typically includes 
(a) a description of the process used to monitor FPRA inputs and collect new 
information 
(b) evidence that the aforementioned process is active  
(c) descriptions of proposed changes 
(d) description of changes in a FPRA due to each FPRA upgrade or FPRA 
maintenance 
(e) record of the performance and results of the appropriate FPRA reviews 
(f) record of the process and results used to address the cumulative impact of 
pending changes 
(g) record of the process and results used to evaluate changes on previously 
implemented risk-informed decisions pursuant to paragraph 1-5.6 
(h) a description of the process used to maintain software configuration control 

MUD-F2 

Summary Met, based on review of Duke Energy 
Carolinas, LLC procedures. 

 Met 
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Appendix B. Fact/Observation Regarding Fire PRA Technical Elements 
 
 

FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number : IEPRA-1 Level of Significance: Finding 
Reviewer: SCD Capability Category: N/A 
 

OBSERVATION: 
The issues identified in the Maracor report documenting the peer review of the Oconee PRA 
revision 3a (March 2005) have not been resolved. In many cases, the licensee does not agree 
that the issues are applicable. The resolution has not been documented. Exceptions to the 
alternatives recommended by the Peer Review have not been justified. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Section1-6.6.2 of the combined PRA standard states: “Resolution of Peer Review Team 
comments shall be documented. Exceptions to the alternatives recommended by the Peer 
Review team shall be justified.” 

 
POSSIBLE RESOLUTION (REVIEWER): 

Document resolution of the issues identified in the Maracor review; justify any exceptions. 

 
Reference(s): 

 
Personnel Contacted: 

1. 2006 Maracor Oconee-3a PRA Peer 
Review 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :IEPRA-2 Level of Significance: Finding 
Reviewer: RHG Capability Category: Not Met 
 

OBSERVATION: 
The most recent "peer review" was performed in 2006 by MARACOR on Rev. 3a of the Oconee 
PRA, developed in March 2005. The following "issues" (the MARACOR review did not 
specifically characterize these as F&Os, nor did they assign severity levels) were considered by 
the staff to have the most potential to affect the linkage between the internal events PRA and 
the FPRA. Oconee staff was questioned regarding the status of these "issues," and their 
responses are provided below following each issue. 
 
INITIATING EVENTS (IE) 
Grouping: When subsuming an initiator into another, assure that the subsumed initiator 
frequency is added to that of the subsuming initiator. Also re-examine the assumption that the 
initiator for loss of power to 4160-VAC bus 3TC bounds all other bus losses of power. The 
appropriate IE SRs are not identified, nor is the resolution discussed. Oconee Response: 
Grouping of initiators (SR IE-B3) in "Response Table [Att. 2]") is addressed in OSC-9068, but an 
update is needed to add initiators for buses 3TD and 3TE (not necessarily bounded by existing 
initiator for bus 3TC). 
 
ACCIDENT SEQUENCES (AS) 
Dependencies: Examine the adequacy of DC power and the effect of environmental conditions 
during SBO/LOOP. The appropriate AS SRs are not identified, nor is the resolution discussed. 
Oconee Response: SAAG 519 for LOOP Recovery should be enhanced to discuss DC power 
adequacy and environmental conditions (SR AS-B6 in "Response Table [Att. 2]"). 
 
SYSTEMS (SY) 
CCF/Dependencies: References are needed for plant-specific analyses of HVAC during 
accident mitigation. The appropriate SY SRs are not identified, nor is the resolution discussed. 
Oconee Response: Temperature analyses for SQUG equipment (OSC-6579) did not address 
HVAC failure dependencies in heatup calculations. These need review to determine if the 
existing conclusions of no HVAC failure effect on heatup remain valid. Each conclusion will be 
documented in the system model along with the applicable heatup calculation (SR SY-A17 in 
"Response Table [Att. 2]"). Also, OSC-9068, Rev. 1, identifies a Loss of HVAC initiator for the 
electrical equipment rooms and Main Control Room for an extended period of time, due to which 
spurious instrument behavior could result. 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :IEPRA-2 Level of Significance: Finding 
Reviewer: RHG Capability Category: Not Met 
HUMAN RELIABILITY (HR) 
Post-Initiator Recoveries: When recoveries are credited, the following plant-specific justifications 
must be provided: (1) that the recovery is proceduralized and trained-upon (if not, then 
justification is needed as to why this should be credited); (2) that appropriate "cues" exist to alert 
the operator to perform the recovery, with a basis on procedures, training or skill-of-craft; (3) 
that PSFs are considered; and (4) that there is sufficient manpower to perform the recovery (SR 
HR-H2). In addition, dependencies among the recoveries themselves and between the 
recoveries and "non-recovery" human actions must be examined. Oconee Response: Oconee 
staff recognize that more detailed documentation would be desirable for all of these. Any 
interface with resolution of the Finding for SR FQ-xx should be addressed as well. 
 
QUANTIFICATION (QU) 
Quantification Methodology: The convergence of CDF truncation values must be demonstrated. 
The appropriate QU SRs are not identified, nor is the resolution discussed. Oconee Response: 
A truncation convergence study, or equivalent, is needed to determne the lowest level of 
truncation for which adequate convergence is assured. Cognizance must be kept of the 
systematic underestimation of RAW values due to truncation (SR QU-B2 in "Response Table 
[Att. 2]"). The truncation issue carries over into the fire PRA; see F&O FQ-B1-1. 
 
LEVEL 2 (LE) 
In general, Oconee PRA Rev. 3a meets CC I for the SRs in this element because it used 
NUREG/CR-6595 for its Level 2 analysis. A need to review the dominant LERF contributors was 
cited, and this appears to have been completed through the "Results and Insights from Oconee 
PRA Rev. 3a" report. Oconee does not discuss any plans to aspire to CC II for the Level 2 
analysis. Oconee Response: Although many of the SRs for LE have been determined to meet 
CC-II ("Response Table [Att. 2]"), a large number of model enhancements are recommended, 
including plant-specific Level 2 analysis beyond the generic approach of NUREG/CR-6595, 
consideration of potential SAMG effects, and reintroduction of the analysis for thermally-induced 
SGTR into the PRA. 
 
MAINTENANCE AND UPDATE (MU) 
Plant Consistency: The M&U procedure needs to be updated to the ASME internal events PRA 
standard. The appropriate MU SRs are not identified, nor is the resolution discussed. Oconee 
Response: "Workplace Procedure for PRA Modeling Guidelines," Rev. 10, (XSAA-115), has 
been updated to and also now references ASME RA-Sb-2005. 
Impact of Pending Changes on PRA: Oconee needs to annually assess the cumulative impact 
of pending changes upon the PRA, as required by its procedures. In addition, any PRA updates 
must comply with the ASME internal events PRA standard. The appropriate MU SRs are not 
identified, nor is the resolution discussed. Oconee Response: "Workplace Procedure for Risk 
Impact Review of Nuclear Plant Changes ..." (XSAA-101) requires an annual trending of the 
PRA Change Database. This was last performed on 3/12/08 ((NED-A08-7). 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :IEPRA-2 Level of Significance: Finding 
Reviewer: RHG Capability Category: Not Met 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
To meet the requirements of the ASME/ANS standard for the fire PRA, the internal events 
model used as a basis for building the PRM should meet the requirements of the internal events 
PRA standard. 
 

POSSIBLE RESOLUTION (REVIEWER): 
While the staff identified a subset of the issues it considered most relevant to the fire PRA, 
resolution of the issues should not focus on this subset. Instead the Oconee staff should 
disposition all the issues identified in the peer review by either resolving them or explaining why 
they are not relevant to the fire PRA.  
 

Reference(s): 
 

Personnel Contacted: 
1. 2006 Maracor Oconee-3a PRA Peer 

Review & Oconee Draft Response Table 
(as per Rob Boyer, Attachment 2) 

2. The 60 ASME SRs that are not fully met 
for Oconee 

3. Results and Insights from Oconee PRA 
Revision 3a 

4. Oconee Rev 3a. F & O Status 
5. XSAA-115, Rev. 10 
6. OSC-9068, Rev. 1 
7. XSAA-101 
8. NED-A08-7 

Brandi Weaver 
Rob Boyer 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :PP-B1-1 Level of Significance: Suggestion 
Reviewer: MXM Capability Category: 2&3 
 

OBSERVATION: 
The SSF should be divided into more than one Fire Compartment, it has a control room and a 
Diesel room that are separated by fire doors. 
 
The Keowee station dam should be divided into Fire Compartments as well 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :PP-B2-1 Level of Significance: Finding 
Reviewer: PWL Capability Category: Not Met 
 

OBSERVATION: 
The FPRA credited partitioning elements that lacked fire resistance rating. The lack of rated 
barriers was documented in OSC-8979: fire compartments are generally well defined enclosed 
volumes that can substantially contain the effects of fire. This description is consistent with the 
fire areas within the Oconee Appendix R Program. However, Oconee has relatively few 
enclosed volumes (fire areas) with physical barriers to prevent the spread of fire from one zone 
to another. For example, a single fire area, BOP, encompasses the Auxiliary Building and 
Turbine Building for all 3 units with the exception of the West Penetration Rooms. Oconee 
partitioned the plant into a greater number of compartments based on fire zones rather than fire 
areas and increased the burden for the analysis of multicompartment fire scenarios. 
 
Credit for fire rated barriers was taken for fire area boundaries, except in BH03, credit was taken 
for a fire barrier between the Block House and the turbine building without rated penetrations for 
two fans. {combined from another record - check for duplication: Some turbine building Fire 
Compartments have boundaries that do not correspond to a physical wall, and thus have no fire 
rating. The standard is not technically met. 
 
Harold Lefkowitz stated that the Fire Compartments correspond to Fire Zones established about 
1995, and that they correspond to areas that a fire can be confined to by suppression and/or 
Fire Brigade actions. A plant walkdown verified that the turbine building Fire Compartments 
represent reasonable subdivisions of the turbine building area. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. General Arrangement Plan DWGs 0-5 to 
0-11 

2. OSC-8979 
3. R0237-05-0001.04 

Kiang Zee 
Harold Lefkowitz 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :PP-B3-1 Level of Significance: Finding 
Reviewer: PWL Capability Category: Not Met 
 

OBSERVATION: 
For the purposes of the global plant analysis boundary, the buildings included in the FPRA were 
divided into a number of fire compartments coresponding to their IPEEE fire zones. The 
analysis then considers the impact of fires in a given zone, and those fire scenarios that might 
impact multiple zones. Due to the limited number of physical analysis units (fire areas), this 
procedure did not follow the standard FPRA methodology. This resulted in additional work for 
the multiple compartment modeling. {added from another record; check for redundancy: Some 
turbine building Fire Compartments have boundaries that do not correspond to a physical wall, 
and thus have no fire rating. The use of these boundaries implies crediting spatial separation, 
therefore the standard is not met at Category 1. 
 
Harold Lefkowitz stated that these correspond to established Fire Zones established about 
1995, and that they correspond to areas that a fire can be confined to by suppression and/or 
Fire Brigade actions. Due to the unique large turbine building at Oconee, most turbine building 
Fire Compartments are administrative rather than physical boundaries, interaction between 
them should be treated in the Multi-Compartment Analysis.} 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. OSC-8979 Drawings O-5 to O-11 Harold Lefkowitz 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :PP-C3-1 Level of Significance: Finding 
Reviewer: PWL Capability Category: Not Met 
 

OBSERVATION: 
The lack of rated barriers was documented in OSC-8979: Fire compartments are generally well 
defined enclosed volumes that can substantially contain the effects of fire. This description is 
consistent with the fire areas within the Oconee Appendix R Program. However, Oconee has 
relatively few enclosed volumes (fire areas) with physical barriers to prevent the spread of fire 
from one zone to another. For example, a single fire area, BOP, encompasses the Auxiliary 
Building and Turbine Building for all 3 units with the exception of the West Penetration Rooms. 
The fire compartments analyzed in FRANC are consistent with Oconee’s fire zones rather than 
its designated fire areas. Oconee partitioned the plant into a greater number of compartments 
based on fire zones rather than fire areas and increased the burden for the analysis of 
multicompartment fire scenarios. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. OSC-8979  
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/17/2008 
ID Number :PP-C3-2 Level of Significance: Suggestion 
Reviewer: MXM Capability Category:  
 

OBSERVATION: 
OSC-8979 does not adequately describe the general nature and key/unique features of each 
Fire Compartment. It's usability could be improved by adding details describing the physical 
boundaries of the Fire Compartments.  
 
The Fire Compartments are either the same as, or are groups of, the Fire Zones established 
about 1995. In the basement, and in the Auxiliary Building, the Fire Zones generally correspond 
with actual rooms. The 3 reactor buildings are one Fire Compartment each. Due to the unique 
large turbine building at Oconee, most turbine building Fire Compartments are administrative 
rather than physical boundaries, interaction between them should be treated in the 
Multi-Compartment Analysis. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. OSC - 8979, Oconee Nuclear Station Units 
1,2, and 3 PRA Rev 3 Fire analysis 

 

 



 
  Oconee Unit 3 Fire PRA Pre-Submittal Audit
 

June 24, 2008 - B-10 - 
 

 
 

FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/20/2008 
ID Number :CS-B1-1 Level of Significance: Finding 
Reviewer: MXM Capability Category: Not Met 
 

OBSERVATION: 
Plant personnel self-identified some issues with overcurrent coordination during the inspection. 
The plant is working to resolve issues with molded-case circuit breaker instantaneous 
overcurrent tripping coordination. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Breaker Coordination Study, OSC3120, 
rev 13 

Kiang Zee 
David Goforth 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/20/2008 
ID Number :CS-C4-1 Level of Significance: Finding 
Reviewer: MXM Capability Category: Not Met 
 

OBSERVATION: 
No specific documentation of overcurrent coordination was provided during the inspection. This 
conclusion is subject to revision whenever documentation is provided by the plant. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/17/2008 
ID Number :QLS-A3-1 Level of Significance: Finding 
Reviewer: SCD Capability Category: Not Met 
 

OBSERVATION: 
Disposition of 4 building/structure PAUs left as unresolved after initial qualitative screening. 
These include The Maintenance Support Bldg, Service Bldg, Admin Bldg, and cluster of building 
north east of plant. These 4 were left for further analysis but no further analysis was idenitifed. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

The qualitative screening was incomplete so the SR was not met. 

 
POSSIBLE RESOLUTION (REVIEWER): 

Complete the evaluation of the four buildings either in qualitative or quantitative screening, or 
include in the FPRA. 

 
Reference(s): 

 
Personnel Contacted: 

1. OSC-8979  
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :PRM-B1-1 Level of Significance: Finding 
Reviewer: SCD Capability Category: Not Met 
 

OBSERVATION: 
The most recent "peer review" was performed in 2006 by Maracor on Rev. 3a of the Oconee 
PRA, developed in March 2005. The Maracor team identified numerous “issues” although they 
did not specifically characterize these as F&Os, nor did they assign severity levels.  
 
The peer review also identified 159 Partially met Cat II, 103 not met cat II, 21 Cat I, and 23 
Indeterminate supporting requirements. From these Oconee identified 60 not-met and partially 
met internal events supporting requirements unresolved (others determined to be invalid). 
Oconee classified 31 of these as important to Fires.  
 
In addition, it is not clear whether the fire event trees introduced in revision 3a to the Oconee 
PRA have been reviewed. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
There are numerous unresolved “issues” regarding the technical adequacy of the internal 
events PRA that Oconne used as their baseline model. All the logical modelling and event 
quantification into which the fire PRA OR3a)  

 
POSSIBLE RESOLUTION (REVIEWER): 

RG 1.200 calls for resolution of all issues identified in Peer reviews before use of a PRA in a 
given application. Resolution may include a conclusion that the issue need not be resolved 
because it has minimal or no affect on the particular application. 
 

 
Reference(s): 

 
Personnel Contacted: 

1. 2006 Maracor Oconee-3a PRA Peer 
Review & Oconee Draft Response Table 
(as per Rob Boyer, Attachment 2) 

2. The 60 ASME SRs that are not fully met 
for Oconee 

3. Results and Insights from Oconee PRA 
Revision 3a 

4. Oconee Rev 3a. F & O Status 
5. XSAA-115, Rev. 10 
6. OSC-9068, Rev. 1 
7. XSAA-101 
8. NED-A08-7 

Brandi Weaver 
Rob Boyer 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :PRM-B3-1 Level of Significance: Suggestion 
Reviewer: SCD Capability Category: Met 
 

OBSERVATION: 
As per R0237-05-0001.5, Rev. G, "[t]he application of the fire-specific initiators was limited and 
the applicable scenario results were compared to results assuming more commonly used 
initiators." Review of the or3a_FIRE_CDF.caf file indicates that at least seven of these types of 
fire-specific initiators are present in the model: %C4KVFIRE, %CLPIHATCH, %CPENROOM, 
%CSFIRE, %TB0FIRE, %SBOFIRE and %T-DEBOR. As per OSC-8979, Rev. 1, "[a]n event 
tree for fire initiating events has been developed and is included as Figure C-1. The top events 
considered in the event tree are the availability of SSHR, RCS integrity (relief valves and seal 
LOCAs), and HPI short and long term success. This event tree has been developed using the 
HELB event tree as a model." Comparison of Figure C-1 (provided separately) and the HELB 
event tree from the internal events model indicates that they are the same, except for the 
change in initiator. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
“New” initiators caused by fires reportedly incorporated into existing models. 

 
POSSIBLE RESOLUTION (REVIEWER): 

Although it appears that these special fire initiators have been incorporated into the FPRA 
model following the same analytic process as for existing initiators, such as the cited HELB 
(event tree), this needs to be verified and documented in the current version of the FPRA report, 
not just in OSC-8979, Rev. 1, which is superseded by the current FPRA. All Internal Events SRs 
referenced in this SR need to be addressed. 

 
Reference(s): 

 
Personnel Contacted: 

1. PRA Rev 3 Fire Analysis,  
2. OSC-8789 (2005) 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :PRM-B4-1 Level of Significance: Suggestion 
Reviewer: SCD Capability Category: Met 
 

OBSERVATION: 
In general, fire induced initiators are modeled by generically mostly assuming T1 trip 
(sometimes Loss of Condenser vacuum T4 or loss of main feedwater T2) beacause it was 
stated that proper seqeunces are developed within the logic models given the fire inducted 
failures input for each calculation. Although this could work, success requires a very high 
technical quality in the internal event trees beacuse non-dominate sequences under random 
failures will become dominate. Rational for assigning each ignition to T2 or T4 was not fully 
consistent with utilities position that the logic models will appropraitly refelct sequences without 
identifying particular initiating events for each ignition source. Use of 2005 fire event tree 
developed to model loss of secondary side cooling and RCP seal LOCA unclear (see PRM-B2). 
 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
This SR is Met because components/HFEs potentially affected by fire that could cause existing 
initiating events were mapped to the internal events fault tree for the initiating events linked to 
the specific fires. The corresponding fire-affected basic events (some new, some modified from 
before) were integrated into the existing internal events trees (including the introduction of new 
gates where appropriate). 

 
POSSIBLE RESOLUTION (REVIEWER): 

Although it appears that fire initiators have been incorporated into the FPRA model following the 
same analytic process as for existing initiators this needs to be verified and documented in the 
current version of the FPRA report. A through evaluation of the results of the FPRA (not 
evidenced during this review) should be perfromed to confirm that the orignial models are 
appropriate when the previuosly non-dominated seqeunces become dominanted. 

 
Reference(s): 

 
Personnel Contacted: 

1. PRA Rev 3 Fire Analysis,  
2. OSC-8789 (2005) 

 

 



 
  Oconee Unit 3 Fire PRA Pre-Submittal Audit
 

June 24, 2008 - B-16 - 
 

 

FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/17/2008 
ID Number : PRM-B8-1 Level of Significance: Suggestion 
Reviewer: RHG Capability Category: Met 
 

OBSERVATION: 
An older 2005 fire PRA states that new EFW and SSF system models were developed that 
stripped out failure to run contributions from some pumps because, following fire induced 
initiating event, a successful EFW or SSF start could provide time needed to activate HPI to 
deal with upcoming seal LOCA or PORV sticking open. HPI needs to be successfully aligned 
within 2 hours and including long term run failures would over account for EFW and SSF 
failures. The utility and contractor personal were unable to unambiguously determine whether 
these models were incorporated into the FPRA or were not needed and not used. 
 
The following components were cited as being added to the FPRA, but no current basic events 
for them were found (either new or previously existing): 3FDWP0206, -0231, -0232; 3MPS0056; 
3RCPDP05, -06, -08, -09. Oconee staff explained that some had previous links to basic events, 
subsequently removed, while others were associated as instruments for HFEs related to 
subcooling margin, ultimately not incorporated into the FPRA. These explanations need to be 
provided. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
Based on the utility and contractor statements that none of these models needed to be added, 
the Capability Category is met. 

 
POSSIBLE RESOLUTION (REVIEWER): 

Complete documentation to include the final resolution of all proposed models.  

 
Reference(s): 

 
Personnel Contacted: 

1. OSC-8978 
2. FPRA CAFTA Fault Tree Model 
3. 2006 Maracor Oconee-3a PRA Peer 

Review 

Ed Simbles 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :PRM-D1-1 Level of Significance: Finding 
Reviewer: SCD Capability Category: Not Met 
 

OBSERVATION: 
Oconee developed a fire PRA in 2005 and added it to their base PRA. When the current 2008 
FPRA was performed, this earlier 2005 FPRA was used for selected unique fire specific initing 
events. There is a separate description of the development of this 2005 FPRA model. The 2008 
FPRA descibes changes made to develop the FPRA, but does describe 1) the changes made in 
2005 and 2) the changes made in 2008 relative to 2005. 
 
An older 2005 fire PRA states that new EFW and SSF system models were developed that 
stripped out failure to run contributions from some pumps because, following fire induced 
initiating event, a successful EFW or SSF start could provide time needed to activate HPI to 
deal with upcoming seal LOCA or PORV sticking open. HPI needs to be successfully aligned 
within 2 hours and including long term run failures would over account for EFW and SSF 
failures. The utility and contractor personal were unable to unambiguously determine whether 
these models were incorporated into the FPRA or were not needed because similar models 
were in the high energy line break event tree which is in the internal events model that was used 
as a basis for the FPRA. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
The current documentation is confusing, incoplete, and inconsistent. The final FPRA docemnt 
include numerous discussions implyinng that model cahnges are needed (see F&O PRM-B2, 
PRM-B3) but the utlity and contractor personel sated that no logic model changes were needed. 
The final FPRA docuemntation also did not dicsus the 2005 fire PRA aothough the fire event 
tree from that study was indentified in the FPRA models. Final documentation should include all 
fire related changes in one document to meet the standard. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/17/2008 
ID Number :FSS-A1-1 Level of Significance: Suggestion 
Reviewer: RXV Capability Category: Met 
 

OBSERVATION: 
• Fixed and transient ignition sources are identified in the following two documents: 
• Oconee FPRA 031408 Tasks 1 and 6 Partitioning and Frequency Attachment A Fire 

Compartment Ignition Source Data Sheet. 
• Oconee FPRA 031408 Tasks 1 and 6 Partitioning and Frequency Attachments B Walkdown 

Sheets. 
• Approximately 3300 fixed ignition sources have been identified.  
• Information from these two documents was used to develop the Ignition Source/Scenario 

Summary which is located in Oconee FPRA 031408 Tasks 8 and 11 Scenario Development 
Attachment A. 

 
The transient walkdown was conducted to identify specific general transient locations where a 
trash bag fire could impact cable trays or risers. The hypothetical trash bag was generally 
assumed to be at floor level unless a ledge or permanent scaffolding obligated elevating the 
transient placement. 
 
Suggestion: Hot work fires appear to be attributed to most physical analysis units. However, hot 
work is not identified in the Unit 3 equipment room located in the FPRA Summary Report Task 
16 Appendix A scenario description, and no justification for excluding it is provided. Either 
provide a justification for excluding hot work from all zones where full fire damage is not 
assumed, i.e. non A zones, or add hot work scenario. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408 Tasks 8 and 11 
Scenario Development Attachment A 

2. Oconee FPRA 031408 Tasks 1 and 6 
Partitioning and Frequency Attachment A, 
Fire Compartment Ignition Source Data 
Sheet 

3. Oconee FPRA 031408 Tasks 1 and 6 
Partitioning and Frequency Attachment B, 
Walkdown Sheets 

Usama Farradj 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/17/2008 
ID Number :FSS-A2-1 Level of Significance: Suggestion 
Reviewer: RXV Capability Category: Met 
 

OBSERVATION: 
Oconee FPRA 031408 Tasks 8 and 11 Scenario Development Attachment A identifies the 
targets (typically in terms of raceways and component failures) associated with each scenario. 
From information obtained from the self assessment spreadsheet and discussion with personnel 
the damage criteria used was the thermoset cable damage criteria from NUREG/CR-6850. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Did not consider other equipment NUREG/CR-6850 Appendix H Section H.2 with regards to 
scenarios involving solid state control components. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408 Tasks 8 and 11 
Scenario Development Attachment A 

2. Self Assessment Information Spreadsheet 

Usama Farradj 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :FSS-A5-1 Level of Significance: Finding 
Reviewer: JSH Capability Category: Not Met 
 

OBSERVATION: 
Finding: Horizontal propagation outside zone of influence (ZOI) not done yet, as the effects of 
PVC jacket (typically TP) on horizontal spread is an open item self identified by Oconee. Current 
chemical composition of PVC jackets are being examined. 
 
In most cases, Oconee establishes a zone of infuence ( ZOI) per ignition source and applies this 
ZOI to establish targets to develop those potentially risk significant contributors. The ZOI is 
established from the Hughes report. Should a target raceway be captured by the ZOI, then ZOI 
is extended to the ceiling. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408 Kiang Zee 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :FSS-A5-2 Level of Significance: Suggestion 
Reviewer: JSH Capability Category:  
 

OBSERVATION: 
Suggestion: Oconee has identified the need to develop additional fire scenarios to 
evaluate the risk for the safe shutdown facility (SSF). These scenarios and their risk 
contribution should be reviewed. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408 Kiang Zee 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :FSS-B1-1 Level of Significance: Suggestion 
Reviewer: RXV Capability Category: Met 
 

OBSERVATION: 
The abandonment criteria used in the document Hughes Associates Summary of Control Room 
Abandonment Times at the Oconee Nuclear Power Station Unit 3 Preliminary Results Revision 
2 March 21, 2008 is as follows: 
• Temperature 50 °C (122 °F) 
• Smoke layer height 1.8 m (6 ft) above the floor  
• Visibility criteria is based on an optical density of 3m-1 (0.9ft-1) which corresponds to a 

visibility of 0.4m (1.4ft) for a light reflecting surface and a visibility of 1.1m (3.7 ft) for a light 
emitting surface. 

 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
Lost degraded functions should be clearly discussed in the documentation of the control room 
abandonment analysis. 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408 Tasks 8 and 11 
Scenario Development 

2. Hughes Associates Summary of Control 
Room Abandonment Times at the Oconee 
Nuclear Power Station Unit 3 Preliminary 
Results Revision 2 March 21, 2008 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :FSS-C4-1 Level of Significance: Suggestion 
Reviewer: JSH Capability Category: 2 
 

OBSERVATION: 
Severity factors are applied for ignition sources. In particular, for hot work, in addition to 
suppression credit, a factor is applied. Hot work is strategically placed in Oconee fire PRA 
according to a confluence of cables; therefore, the severity factor for hot work is developed 
according to probability of a particular location. Oconee should verify that hot work can 
reasonably be expected at most, if not all, locations in the physical analysis unit at an equivalent 
probability. Such an assumption, while common in the evaluation of transient combustibles, is 
used less often for hot work. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
Two point fire intensity model is applied. The full split fraction from the two point approach is 
attributed to the fire frequency. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408 Usama Farradj 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :FSS-C5-1 Level of Significance: Finding 
Reviewer: JSH Capability Category: Not Met 
 

OBSERVATION: 
Cable construction at Oconee is Armored with thermoset (TS) internal insulation, and PVC 
(typically thermoplastic (TP)) jacket. For those cases with potentially pooling thermoplastic, TP 
characteristics for failure should be attributed to Oconee cable. Note that NUREG/CR-6850, 
Appendix H section H.1.3, directs the analyst to use TP cable characteristics for cable 
construction such as Oconee's unless justification is provided. NUREG/CR-6850 provides 
guidance for selecting the overall treatment of such cable. This issue is an additional issue to 
the self identified one on PVC jacket for Oconee cables which was raised by Oconee with 
respect to horizontal propagation. 
 
Oconee is getting further information on the jackets, and has identified the treatment of the 
jacket material as an open issue. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408 Usama Farradj 
Ed Simbles 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-D3-1 Level of Significance: Suggestion 
Reviewer: RXV Capability Category: 2 
 

OBSERVATION: 
The computer model CFAST version 6.0.1.0 was selected to compute the fire environment in 
generic enclosures because it provides a broader versatility than an empirical approach. 
Because of the large number of parameters that are involved in a zone model analysis 
simplifying assumptions were necessary for practical application to generic enclosures. This is 
discussed in the Hughes Associates Generic Fire Modeling Treatments January 5, 2007 
document. Areas have been identified that are risk significant in that a hot gas layer may 
develop in that area. No detailed fire modeling concerning a specific scenario, geometry, fuel 
loading, ventilation, etc., has been done with either CFAST or other fire models such as Fire 
Dynamics Simulator. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
The following is from page 318 of the Hughes Associates Generic Fire Modeling Treatments 
January 5, 2007, It is readily seen that the ability to model fires near a wall or in a corner has 
been disabled in CFAST version 6.0.10, though this is not documented. This needs further 
investigation. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Hughes Associates Generic Fire Modeling 
Treatments December 11, 2007 

2. Oconee FPRA 031408 Tasks 8 and 11 
Scenario Development Attachment B, 
Summary Fire Modeling Scoping Study 

3. Oconee FPRA 031408 Tasks 8 and 11 
Scenario Development Attachment C, Hot 
Gas Layer Compartment Evaluation 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-D5-1 Level of Significance: Finding 
Reviewer: JSH Capability Category: 1&2 
 

OBSERVATION: 
Finding: Oconee has provided a weak basis for applying only the 75% fire HRR for transient 
combustibles, excluding the larger HRR. Oconee needs to review plant procedures, and 
administrative control records including violations, to provide adequate justification for their plant 
specific modification to a generic statistical model in NUREG/CR-6850. 
 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Parsing of area according to location is acceptable for transient fires 
 
NUREG/CR-6850 Appendix L applied for Main Control Board fires 
 
Nominal credit for autosuppression (failures/demand) taken is in keeping with generally 
accepted credit  
 
Credit for manual suppression for hot work fires taken from NUREG/CR-6850 
 

POSSIBLE RESOLUTION (REVIEWER): 
 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408  
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-D5-2 Level of Significance: Suggestion 
Reviewer: JSH Capability Category: 1&2 
 

OBSERVATION: 
Suggestion: Provide a basis for the factors applied due to the conditional trip probability. 
Sensitivity studies on this factor for a particular application; in particular for the 0.01 value, 
should be performed. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Parsing of area according to location is acceptable for transient fires 
 
NUREG/CR-6850 Appendix L applied for Main Control Board fires 
 
Nominal credit for autosuppression (failures/demand) taken is in keeping with generally 
accepted credit  
 
Credit for manual suppression for hot work fires taken from NUREG/CR-6850 
 

POSSIBLE RESOLUTION (REVIEWER): 
 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408  
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-D6-1 Level of Significance: Finding 
Reviewer: RXV Capability Category: Met 
 

OBSERVATION: 
The document Hughes Associates Generic Fire Modeling Treatments January 5, 2007 provides 
the technical basis for the empirical models used. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Oconee has postulated that within 20 minutes of detection of a fire, the fire brigade can apply a 
hose stream to the fire and prevent additional damage to cables from the hot gas layer. 
Discussion with Oconee personnel has indicated that this 20 minute time to apply a hose stream 
has typically been achieved. However, according to Oconee personnel, a response of 20 
minutes to apply the hose stream has not been achieved for every drill. Time for the fire brigade 
to apply water to a fire depends upon several factors, including the location of the fire. 
Therefore, a probability should be developed for preventing further damage from the hot gas 
layer. 
 

POSSIBLE RESOLUTION (REVIEWER): 
 

 
Reference(s): 

 
Personnel Contacted: 

1. Hughes Associates Generic Fire Modeling 
Treatments December 11, 2007 

Usama Farradj 
Harold Lefkowitz 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-G1-1 Level of Significance: Finding 
Reviewer: SPN Capability Category: Not Met 
 

OBSERVATION: 
Multi-compartment fire scenarios involving interactions between plant fire areas have been 
defined or analyzed. Examples include consideration of high hazard fire sources failing fire 
barriers (e.g. oil-filled transformers), failure of passive fire barriers (random or fire-induced), 
failure of active fire barriers to operate on demand, etc.) 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Analysis does not include a range of potential multi-compartment fire scenarios. 

 
POSSIBLE RESOLUTION (REVIEWER): 

Provide a systematic analysis of fire multi-compartment fire scenarios. 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-G2-1 Level of Significance: Finding 
Reviewer: SPN Capability Category: Not Met 
 

OBSERVATION: 
No screening criteria for multi-compartment fires have been defined. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

Define screening criteria 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-G3-1 Level of Significance: Finding 
Reviewer: SPN Capability Category: Not Met 
 

OBSERVATION: 
The anlaysis has not screened potential mult-compartment combinations of interest nor defined 
any multi-compartment fire scenarios beyond those that are inherently captured in the treament 
of fire scenarios for the turbine building fire zones (see PP). 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

SR has not been met. 

 
POSSIBLE RESOLUTION (REVIEWER): 

Conduct a complete multi-compartment fire analysis. 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-G4-1 Level of Significance: Finding 
Reviewer: SPN Capability Category: Not Met 
 

OBSERVATION: 
multi-compartment analysis is incomplete and has not included an assessment of credits given 
to passive fire barrier features. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-G5-1 Level of Significance: Finding 
Reviewer: SPN Capability Category: Not Met 
 

OBSERVATION: 
Active fire barriers have been credited in partitioning but not assessed per this SR. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-G6-1 Level of Significance: Finding 
Reviewer: SPN Capability Category: Not Met 
 

OBSERVATION: 
No assessment of a range of potential multi-compartment scenarios has been provided. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 6 Date: 3/19/2008 
ID Number :FSS-H2-1 Level of Significance: Finding 
Reviewer: JSH Capability Category: Not Met 
 

OBSERVATION: 
Treatment of PVC jacket on cable failure is not addressed and is an open item. The cable jacket 
affects Oconee conclusion that TS failure criteria should be used. Oconee is collecting 
information regarding the PVC jacket to establish the nature of the PVC; however, PVC is 
typically thermoplastic material. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408 Usama Farradj 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 10 Date: 3/19/2008 
ID Number :FSS-H6-1 Level of Significance: Suggestion 
Reviewer: JSH Capability Category: 1 
 

OBSERVATION: 
Expand documentation to explain severity factor approach for hot work. Provide discussion that 
supports the contention that using the area ratio is adequate. 
 
Also provide expanded justification for plant specific modification to NUREG/CR-6850 for only 
considering 75% HRR for transient combustibles, given plant records including violations of 
combustible controls. See Finding on FSS-D5 for this assumption. 
 
 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
Documentation provided generally for severity factors.  
 
MCB approach folllows NUREG/CR-6850. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408  

 



 
  Oconee Unit 3 Fire PRA Pre-Submittal Audit
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-H8-1 Level of Significance: Finding 
Reviewer: SPN Capability Category: Not Met 
 

OBSERVATION: 
The multi-compartment analysis remains incomplete (see FSS-G and its SRs), hence, 
documentation is also incomplete. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

Complete the multi-compartment analysis and document methos and results. 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FSS-H9-1 Level of Significance: Finding 
Reviewer: RXV Capability Category: Met 
 

OBSERVATION: 
The uncertainties regarding model use and assumptions are delineated in the Hughes 
Associates Generic Fire Modeling Treatments December 11, 2007 document. There is 
discussion regarding the uncertainties within the models and also the sensitivity the models 
have with input values such as material properties. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

There are no uncertainties listed for manual fire brigade suppression which limits the 
development of the hot gas layer as given in the document Oconee FPRA 031408 Tasks 8 and 
11 Scenario Development Attachment A, Scenario Summary Report. There is a deterministic 
criteria that is applied to limit the formation of a hot gas layer. There are no uncertainties 
documented associated with cable failure threshold all though the presence of PVC jackets 
complicates the failure threshold significantly. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408 FPRA Summary 
(Task 16) 

2. Hughes Associates Generic Fire Modeling 
Treatments December 11, 2007 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 5 Date: 3/19/2008 
ID Number :FSS-H10-1 Level of Significance: Suggestion 
Reviewer: JSH Capability Category: Met 
 

OBSERVATION: 
Suggestion: Document results of walkdown independently of fire PRA itself. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Walkdown process applied for ZOI to identify targets and raceways within ZOI. Additional 
guidance to walkdown fire hazards and fire protection features. Results identified in PRA 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Oconee FPRA 031408 
2. Hughes Assoc Generic Fire Modeling 

Treatments 12/11/07 

Ed Simbles 
Usama Farradj 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/6/2008 
ID Number :IGN-A4-1 Level of Significance: Suggestion 
Reviewer: RHG Capability Category: 3 
 

OBSERVATION: 
Oconee plant fire experience has been collected for all dates since the plant began commercial 
operation. The events were reviewed to see if they met the criteria for challenging fire events as 
defined in NUREG/CR-6850, Appendix C. When an event was considered challenging, it was 
assigned to one of the 37 frequency bins depending on location and ignition source. The 
event(s) in these bins were then used to Bayesian update the generic fire ignition frequencies 
provided in Table C-3 of NUREG/CR-6850, Appendix C. Sufficient time has passed since 2000, 
the last fire event date in the EPRI fire events database, so that an additional 5 years of Oconee 
experience may be used to Bayesian update the generic frequencies. These subsequent years 
were collected and reviewed in order to determine if they meet NUREG/CR-6850 criteria for 
"challenging." To be considered a challenging fire event any one of the following must be true 
about the event: (1) A hose stream, multiple portable fire extinguishers, and/or a fixed fire 
suppression system (either manually or automatically actuated) were used to suppress the fire; 
(2) One or more components outside the boundaries of the fire ignition source were affected 
where the term "outside the boundaries of the fire ignition source" will depend on the specific 
ignition source; (3) Combustible materials outside the boundaries of the fire ignition source were 
ignited "outside the fire ignition source;" Or (4), the event must meet any 2 of the following 
criteria: (a) Actuation of an automatic detection system; (b) A plant trip was experienced; (c) A 
reported loss of greater than $5,000 (not including any lost business damages); or (d) A burning 
duration or suppression time of 10 minutes or longer. The Fire Protection Engineering Support 
Document was used in addition to a Problem Investigation report (PIP) search for the review of 
fire events between 2001 and 2005. The criteria for the PIP search was that the brief problem 
description contained the character strings, "smo," "fire," "flash," or "arc." The fire events 
associated with these searches, deemed relevant to this analysis, were listed and dispositioned. 
 
In addition to the Objective Criteria cited by Oconee in its review of plant-specific fire events for 
potential inclusion through Bayesian update, NUREG/CR-6850 also specifies Subjective Criteria 
to be considered. As stated there, "[a] fire was classified as potentially challenging if there are 
sufficient indications to determine that the fire was self-sustaining or that it might have affected 
components or led to ignition materials outside the fire ignition source.  
 
This judgment may be based on the general tone of the event report or on the observation of 
specific aspects of a fire event. In general, observations of the following features in an event 
report can be indicative of a potentially challenging fire: (1) It is apparent that active intervention 
was needed to prevent potential spread; (2) There are indications that heat was generated of 
sufficient intensity and duration to affect components outside the fire ignition source, had such 
been in close proximity to the ignition source; (3) There are indications that flames or heat were 
generated of sufficient intensity and duration to cause the ignition of secondary combustibles 
outside the fire ignition source, had such been in close proximity to the ignition source; (4) 
Substantial smoke was generated (e.g., a room was reported to be smoke-filled when first 
responders arrived on the scene, or the report includes a description (such as 'heavy' or 'dense 
smoke)." These Subjective Criteria need to be considered for the Oconee plant-specific fires 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/6/2008 
ID Number :IGN-A4-1 Level of Significance: Suggestion 
Reviewer: RHG Capability Category: 3 
from 2001 onward to determine if there might be others that merit inclusion for the Bayesian 
update. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

While it is recognized that events prior to 2001 were assumed to already have been included in 
the NUREG/CR-6850 fire events database, still consider re-evaluating the following plant-
specific fire event in terms of whether or not it should be treated as "challenging" based on the 
cited criteria. It is #35 (year 2000) in Table C-2. The lack of available information as to the fire 
progression and means of suppression brings into question its exclusion as "challenging," at 
least without further discussion as to why it was excluded. "O-00-01925: During CRD Patch 
testing an arc and fireball was observed. No information on how the fire was extinguished, but it 
is noted that the fuses blew in the unit. Damage was noted on the breaker and other related 
components in the same panel." 
 

POSSIBLE RESOLUTION (REVIEWER): 
 

 
Reference(s): 

 
Personnel Contacted: 

1. OSC-8979  
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/6/2008 
ID Number :IGN-A5-1 Level of Significance: Finding 
Reviewer: RHG Capability Category: Met 
 

OBSERVATION: 
This SR is Met because the NUREG/CR-6850 ignition frequency data are used and these are 
calculated on a reactor-year basis which includes weighting by the plant availabilities in the 
database. In addition, plant-specific Bayesian updating was performed in order to determine if 
any generic frequencies from NUREG/CR-6850 should be adjusted. Only two events met the 
criteria for inclusion and Bayesian update, and one of those events was already in the EPRI 
database (pre-2001) and, therefore, not used to Bayesian update the generic priors. The other 
event affects Bin 21, Pumps. Starting with the NUREG/CR-6850 ignition frequency for Bin 21 
(2.1E-02/ry), and considering one additional event in 13.27 additional reactor years, the updated 
frequency is 3.10E-02/ry. Bayesian update spreadsheet BayesSRL.v01_1.xls was used for the 
update. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
The following Note (3) from Table 4.5.1-2(c) of ASME RA-Sb-2005 under HLR-IE-C applies 
throughout HLR-IGN. Note that the IGN SRs for the Oconee FPRA were not evaluated against 
this Note because this Note was not followed in developing the generic ignition frequencies in 
NUREG/CR-6850, the curently acceptable source for generic ignition frequencies. It is 
anticipated that NUREG/CR-6850 will correct their frequencies (either through the NFPA 805 
FAQ process or another revision) to align with the Note. Nonetheless, this Finding (applicable to 
all related SRs under HLR-IGN) is to ensure compatibility with the requirement of Note (3) to 
Table 4.5.1.2(c) of ASME RA-Sb-2005 (HLR-IE-C) throughout HLR-IGN for the Oconee FPRA. 
Here is the Note. "For the computation of average annual CDF/LERF … the appropriate units 
for initiating event frequency are events per calendar year, commonly expressed as events per 
reactor-year, where a reactor-year is one full calendar of experience for one reactor." Additional 
detail as to how to perform the appropriate calculation can be found in the Note. 
 

POSSIBLE RESOLUTION (REVIEWER): 
 

 
Reference(s): 

 
Personnel Contacted: 

1. OSC-8979  
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/6/2008 
ID Number :IGN-A9-1 Level of Significance: Suggestion 
Reviewer: RHG Capability Category: Met 
 

OBSERVATION: 
This SR is Met, as all physical analysis units have been assigned frequencies for transient 
combustible fires. Oconee staff was questioned about the assignment of a zero to the 
Maintenance Weighting Factor for Transient Fire. Such an assignment presumes that transient 
combustible fires are precluded by design during power operations. This translates into 
assigning a zero fire frequency for Transients due to Welding and Cutting and Cable Fires due 
to Welding and Cutting for the corresponding physical analysis unit. There were four such zero 
assignments, the LDST Rooms in each unit and the Unit 1 Lube Oil Storage House. Upon 
questioning, the Oconee staff determined that a zero assignment was appropriate only for the 
Unit 1 Lube Oil Storage House, because that location is strictly for storage (no maintenance 
activities conceivable). For the other three LDST Rooms, the Maintenance Weighting Factor 
was raised to 1 (Low) based on these Rooms being very high radiation zones (locked with 
highly restricted entry). 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
Recalculate ignition frequencies for transient activities in physical analysis units based on 
reassignment of values for LDST Rooms. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. OSC-8979 Brandi Weaver 
Harold Lefkowitz 
Charles Williams 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/6/2008 
ID Number :IGN-B5-1 Level of Significance: Suggestion 
Reviewer: RHG Capability Category: Met 
 

OBSERVATION: 
This SR is Met because the uncertainties associated with the NUREG/CR-6850 ignition 
frequency data automatically apply (although this should be mentioned specifically in OSC-
8979) - as per R0237-05-0001.6, Rev. D, "[i]n general, the sources of uncertainty for each of the 
FPRA development tasks are discussed in the industry reference document, EPRI TR-
1011989/NUREG-6850." R0237-05-0001.6, Rev. D, discusses uncertainty for counting ignition 
sources in a general sense, along with specific discussion of uncertainty inherent to the 
Bayesian update process. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
In OSC-8979, include reference to (or include specifically) the discussion of ignition frequency 
uncertanties in NUREG/CR-6850, including parametric values for the generic frequencies. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. OSC-8979 
2. R0237-05-0001.6, Rev. D 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/13/2008 
ID Number :CF-A1-1 Level of Significance: Suggestion 
Reviewer: RHG Capability Category: 2&3 
 

OBSERVATION: 
This SR is CC II/III. Following cable selection is circuit failure analysis, with specific attention 
paid to spurious actuations for fire both inside and outside containment. While intercable hot 
shorting is deemed too unlikely to include in modeling due to the exclusive use of armored 
cables (except for circuitry in the Main Control Board, which is not armored), best estimates and 
upper bounds from NUREG/CR-6850 are assigned for intracable spurious actuations as follows: 
(1) 0.3 is used for all M/C intracable hot shorts based on the best estimate for circuits protected 
by a CPT (NUREG/CR-6850 Table 10-1) or the upper bound for an armored cable without a 
CPT (Table 10-5); (2) 0.6 is used for M/C intracable hot shorts in the MCB based on the best 
estimate for thermoset cable without a CPT (Table 10-2) [note that this would bound any non-
armored intercable hot shorts within the MCB as well]. In addition, to ensure that the assigned 
0.3 values were appropriate when reliance on instrumentation signals in open or closed 
circuitry, a table of "altered events" (basic events assigned fire-induced spurious actuation 
probabilities) was created and its entries' schematics reviewed for such reliance based on a set 
of criteria. Basic event GHP014BDEX, which appears in the cutsets for AB089Y7 (0.3), will be 
added to the altered events list by Oconee staff, if appropriate. 
 
Oconee staff will add discussion to the altered events table for the three basic events cited by 
Note 5 as candidates for "further circuit analysis" (FEF0038MVT, FEF0047MVT, and 
HHP0031AVT), but for which failure probabilities of 1.0 were actually assigned. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
Basic event GHP014BDEX, which appears in the cutsets for AB089Y7 (0.3), should be added to 
the altered events list by Oconee staff, if appropriate. Oconee staff should add discussion to the 
altered events table for the three basic events cited by Note 5 as candidates for "further circuit 
analysis" (FEF0038MVT, FEF0047MVT, and HHP0031AVT), but for which failure probabilities 
of 1.0 were actually assigned. Oconee staff verified that the use of the conservative probability = 
1.0 did not impact the CDF results for the dominant screening scenarios (i.e., even if lower 
probabilities were assigned, the CDFs did not change due to other failures in the cutsets) 
 

POSSIBLE RESOLUTION (REVIEWER): 
 

 
Reference(s): 

 
Personnel Contacted: 

1. R0237-05-0001.3, Rev. E Ed Simbles 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/13/2008 
ID Number :CF-A2-1 Level of Significance: Suggestion 
Reviewer: RHG Capability Category: Met 
 

OBSERVATION: 
This SR is Met. By using the values from NUREG/CR-6850, the associated uncertainties are 
assumed to apply (see Tables 10-1 through 10-5). 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Include these uncertainty values directly into the documentation. 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. R0237-05-0001.3, Rev. E  
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/13/2008 
ID Number :CF-B1-1 Level of Significance: Suggestion 
Reviewer: RHG Capability Category: Met 
 

OBSERVATION: 
This SR is Met because the material discussed in SRs CF-A1 and A2 has been incorporated 
into the documentation. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Consider adding the additional discussion in SR A2 to the documentation. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. R0237-05-0001.3, Rev. E  
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/17/2008 
ID Number :HRA-A1-1 Level of Significance: Finding 
Reviewer: GWP Capability Category: Met 
 

OBSERVATION: 
There is no documentation to support the fact that this requirement is met. However, ithe 
reviewer concluded that it probably is, in fact, met based on a discussion with an operations 
representative. In response to a fire alarm, then on the basis of the determination that the fire is 
challenging and could challenge safe shutdown functions the entry conditions for the activation 
of the SSF is reached. One of the ROs is sent to the SSF facility, and when he has reached the 
SSF he contacts the main control room and instructs them to trip the reactor and isolate the 
steam paths. As long as the SSF functions can be controled from the main control room, these 
functions are carried out using the EPs and AOPs. As control is lost from the main control room, 
it is transferred to the SSF using AP/)/A/1700/25. Since the internal events model is based on 
the EPs and AOPs and the SSF AP, the actions called out in those procedures are valid for the 
fire PRA model. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Annunciator response procedure 
2. AP/O/A/1700/25 

Camden Eflin, Operations representative on 
NFPA 805 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :HRA-B1-1 Level of Significance: Suggestion 
Reviewer: GWP Capability Category: N/A 
 

OBSERVATION: 
With the exception of the events identified in the Rev 3 fire PRA (OSC-8789) no new events are 
included and no modifications of the HFE definitions made. However, HR-F2 requires the 
definition of the HFEs to include accident sequence specific timing of cues for both capability 
category I and II. The report does not specify whether, and if so, how, this was achieved. The 
philosophy of the internal events model (Kiang Zee) is that the HFEs are included on a generic 
basis with the most demanding boundary conditions so that the model is, if anything, 
conservative. This is a widely used practice, and this is more of a general methodological issue 
than an issue specifically related to the fire PRA model. In terms of the fire model, the reviewer 
was recommended to review the expert panel considerations concerning unique fire induced 
core damage sequences (section 7.4 of OSC-8978). This however refers to what the panel will 
do, not what its conclusions were. The MSO expert panel meeting minutes reviewed did not 
contain any conclusions. 
 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

While no specific accident scenarios were identified during the review that raised this as a 
significant concern, it is recommended that the timing be verified to conclude that the HFE 
definitions are still valid.  
 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :HRA-B2-1 Level of Significance: Finding 
Reviewer: GWP Capability Category: Not Met 
 

OBSERVATION: 
The definition of the HFEs CASWHPIDHE and CEF0ASWDHE is not as detailed as that for the 
other HFEs incorporated from the internal events PRA, particularly with respect to timing issues. 
 
 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

Refine the definitions to the same level of detail as those in the internal events HRA analysis. 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :HRA-C1-1 Level of Significance: Finding 
Reviewer: GWP Capability Category: Not Met 
 

OBSERVATION: 
The approach to the quantification of the HEPs is to revise the internal events HEPs using a set 
of rules revising the HEPs based on, among other things, allowable action time.  
 
The basis, or the set of assumptions upon which this set of rules is based is not provided, but on 
discussion with Kiang Zee it is based on the assumption that, after a certain time, the fire is 
under control and there is no impact on the HEP from additional stress. Document the 
assumptions behind the screening analysis. 
 
However, this does not seem to have been applied correctly. For example for event 
HHPHPR0DHE, switchover to recirculation, the allowable time is given as 3.5 minutes. This is in 
fact the time available from when the cue (low level in the RWST) to perform the switchover is 
reached. This cue however, occurs after a long time, much longer than the 30 minutes used as 
the criterion for changing the HEP, since the RWST must be depleted for this to happen. The 
HEPs need to be reviewed for when they actually occur in the time line of the accident. 
 
For events CASWHPIDHE and CEF0ASWDHE the basis for the time available is not provided. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

Document the assumptions for the revision of the HEPs from the internal events analysis. 
 
Review to make sure that the rules have been applied correctly. 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number : HR-G3-1 Level of Significance: Suggestion 
Reviewer: GWP Capability Category:  
 

OBSERVATION: 
Internal events SR HR-G3-2 is incorporated by reference. The category is the same as for the 
internal events for the base value before modification. 
 
The approach used for the cognitive contribution is to use either the CBDT method or the 
original HCR method. The latter has been superceded by the EPRI ORE/HCR method, since 
the basis for the original HCR was unsupported by the ORE project back in the late 1980s. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

Rob Boyer (Duke Energy Carolinas, LLC) indicated that there is a plan to switch from the HCR 
to the HCR/ORE in the revision 4 update of the PRA. 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number : HRA-C1-2 Level of Significance: Finding 
Reviewer: GWP Capability Category: Not Met 
 

OBSERVATION: 
(internal events SR referenced by HRA-C1) There is no evidence that the fire related, post-
initiator HEP quantifications have been checked for consistency 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number : HR-G7-1 Level of Significance: Finding 
Reviewer: GWP Capability Category: Not Met 
 

OBSERVATION: 
In reviewing the documentation for ZHFC-2-058 there is evidence that there is a lack of 
appreciation of the relative timing of events. The comment in the dcoumentation on relative 
timing focuses on cognitive response time (2 minutes and 15 mintes for the two events 
(NSF0RCMDHE and CASWHPIDHE) respectively. However, these two events are separated in 
time by a significant time, the first event being required at 30 minutes, the second at four hours 
repectively. 
 
Finding: The dependency evaluations should be reviewed carefully for the internal events model 
and the fire model. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/17/2008 
ID Number :HRA-E1-1 Level of Significance: Finding 
Reviewer: GWP Capability Category: Not Met 
 

OBSERVATION: 
There is no documentation to describe the procedures and their use during a fire scenario. This 
is needed to justify the same HFEs that are included in the internal events model are relevant 
for the fire PRA PRM. 
 
There is no documentation of the assumptions underlying the screening approach. 
 
There is no justification that the timing associated with the analyzed HFEs is appropriate for the 
accident scenarios. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :SF-A2-1 Level of Significance: Finding 
Reviewer: PWL Capability Category: Not Met 
 

OBSERVATION: 
The potential for fire protection systems water piping failure during a seismic event was 
investigated as part of the seismic walkdowns. Fire protection control panels and actuation 
devices were review to determine if a seismic event would cause an inadvertent actuation. 
Deluge valves were identified as not being seismically qualified, but it was noted transformers 
were not effected by actuation of the deluge system. The potential for fire protection water 
piping failures was investigated resulting is several recommended upgrades. 
 
Seismically induced inadvertent actuation of CO2 suppression systems causing loss of 
habitability was not specifically addressed, but Oconee has developed a fire brigade guide to 
address fire response to bulk CO2 dumps. 
 
A seismic induced assessment of the potential for diversion of suppressants from areas where 
they might be needed for those fire suppression systems associated with a common 
suppressant supply was not conducted. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
A seismic induced assessment of the potential for diversion of suppressants from areas where 
needed for fire suppression systems associated with a common suppressant supply was not 
conducted. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. IPEEE Submittal Report 
2. OSS-0254 
3. OSC-6048 
4. OSC-5995 
5. Fire Brigade Guide SOG #15 

Harold Lefkowitz 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 4 Date: 3/19/2008 
ID Number :SF-A4-1 Level of Significance: Finding 
Reviewer: PWL Capability Category: Not Met 
 

OBSERVATION: 
The plant seismic response procedures covers seismically induced flooding, but not seismically 
induced fire. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. IPEEE Submittal Report 
2. AP/0/A/1700/005 

Harold Lefkowitz 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :SF-A5-1 Level of Significance: Finding 
Reviewer: PWL Capability Category: Not Met 
 

OBSERVATION: 
The Fire Pre-Plans do not specifically address seismically induced fire response, but does cover 
responses to seismically induced fire events like inadvertent CO2 dumps and fires in zones 
containing safe-shutdown equipment. Fire Brigade equipment is available onsite and in remote 
locations. No assessment has been conducted on the potential that an earthquake might 
compromise one or more of these features. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

No assessment has been conducted on the potential that an earthquake might compromise one 
or more of the fire brigade. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Fire Pre-Plans 
2. IPEEE Submittal Report 

Harold Lefkowitz 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FQ-A2-1 Level of Significance: Finding 
Reviewer: SCD Capability Category: Not Met 
 

OBSERVATION: 
Fire scenarios frequencies are documented and reported based on PAU and/or ignition source. 
The corresponding Failed components are identified, but there is no identification of which 
initiating event is initiated by the fire. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

The internal events and the fire standard calls for indentifying the type of transient that would be 
initiated by the fire, where type of transient is normally associated with the internal events 
transients. A generic initiating event is assumed (e.g., plant trip) and any furter refinement of the 
initing event (e.g., SBO) is determined by the model and the equipment that is failed by the fire. 
This method does not evaluate the failures caused by the fire to indentify the type of transient 
and therefore this SR is not met. 

 
POSSIBLE RESOLUTION (REVIEWER): 

The method being employed is capable of giving the correct quantitative results.  

 
Reference(s): 

 
Personnel Contacted: 

1. R0237-05-0001.04, Table attachment A Kiang Zee 
Ed Simbles 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FQ-B1-1 Level of Significance: Finding 
Reviewer: SCD Capability Category: Not Met 
 

OBSERVATION: 
While the review team was onsite, the CCDP for two fire scenarios were run at differing 
truncation cutoffs. Changing the cutoff from 1E-8 to 1E-11 resulted in about a 1% increase in 
CCDP for one scenario and about a 4% increase in the second. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Internal events QU-B3 is incorporated by reference and is not met: An iterative demonstration of 
covergence versus truncation level has not yet been performed.  

 
POSSIBLE RESOLUTION (REVIEWER): 

Perform an analysis to demonstrate that the chosen truncation level is adequate. 

 
Reference(s): 

 
Personnel Contacted: 

  

 



 
  Oconee Unit 3 Fire PRA Pre-Submittal Audit
 

June 24, 2008 - B-61 - 
 

 

FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/19/2008 
ID Number :FQ-C1-1 Level of Significance: Finding 
Reviewer: SCD Capability Category: Not Met 
 

OBSERVATION: 
HFE dependencies are handled via post-processing using a rule-based recovery file. The fire 
results available to the team used non-conservative, base HEPs for solution of the model. The 
RBR file then would apply multipliers to cutsets containing multiple HFEs. (Some of these 
multipliers are above 5E+8.) 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Using nominal HEPs during quantification can result in cutsets being truncated. Rule Based 
Recovery (RBR) will not correct this, since the cutsets are not present in the results for 
application of the multiplier. Also, even using higher HEPs and then re-setting them to nominal 
HEPs in the RBR process, followed by addition of "multiplier" events to get the correct number, 
has another potential problem: New combinations of HEPs that might be dependent will be low 
in the cutset file or truncated. The opposite approach, where operator actions get set to 1.0 in 
the recovery process and the joint HEP for the dependent group is applied (as a fraction) has 
the advantage that new, un-analyzed combinations show up in a conservative manner and, if 
important to the results, will be noted by the analyst so that dependency can be assessed. 
 

POSSIBLE RESOLUTION (REVIEWER): 
Use high, screening HEPs during quantification to avoid losing cutsets to truncation. [Note: 
Licensee provided a sensitivity that showed, re-solving all fire sequences with HEPs set to 0.1 
and then resetting to nominal in the results, followed by application of the recovery rules, did 
result in an increase in calculated CCDP. The increase over all scenarios was about 3%, with 
some low probability CCDPs having a large increase percentage-wise but small in absolute 
value. 

 
Reference(s): 

 
Personnel Contacted: 

1. or3aboth%.txt (RBR file)  
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/20/2008 
ID Number :FQ-E1-1 Level of Significance: Finding 
Reviewer: SCD Capability Category: Not Met 
 

OBSERVATION: 
The chosen method neither uses nor produces results that include initiating events. Other 
contributor categories such as plant damage states, containment challenges and failure modes 
were not available and may be difficult or impossible to extract without modifying the model logic 
and quantification process. As throughout the FPRA, results are disucssed in terms of ignition 
sources within each location and the equipment that is damaged from that location. The 
initiating event caused by the fire is not normally available.  
 
CDF and LERF cutsets that should be the same aside from the multiplier were not always the 
same. Some additional cuts sets were identified in the LERF tree (Note that two different CDF 
trees are used during quantification, one for CDF and another for LERF) 
Some observations (such as difference in cut sets) were new to the licensee. Importance 
measures have not been generated. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
Results identifying significant contributores not available (aside from ignition sources). Insights 
sections do not include LERF insights. Inconsistencies in documeted results (such as 
unexpectde difference in CDF and LERF cut-set) were new to the licensee. Several computer 
calculations intended to to help clarify reuslts failed to run propoerly. 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

It was apparent that litle time for reveiw of results was avaiable before audit. Utility should 
complete a detailed review of the different results to provide conifidence that the models are 
correct. 

 
Reference(s): 

 
Personnel Contacted: 

1. R0237-05-0001.06, Appendix C  
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/17/2008 
ID Number :FQ-F1-1 Level of Significance: Finding 
Reviewer: SCD Capability Category: Not Met 
 

OBSERVATION: 
The only results normally available are cut sets associated with each ignition source. It is not 
possible to determine which initiating event is caused by an ignition source without looking at 
the ones-runs cut set files. Ones-runs are used moslty as a sensitivity study and are sometimes 
unstable Method used by the licensee can produce the correct numerical results. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

Method selected by utility does not result in documentation of results according to the Standard 
because initiating events and other sequence characteristics are not available. Method can yield 
the correct numerical results. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 03/20/2008  
ID Number: UNC-A1-1 Level of Significance: Finding 
Reviewer: GWP Capability Category: Not Met (not reviewed) 
 

OBSERVATION: 
In the NRC's comments on the combined standard, the descriptor "key" associated with a 
source of uncertainty or related assumption is recommended to be dropped. Key is defined only 
within the context of an application, where it is used to identify those sources of uncertainty that 
can change the decision. The staff expects that this SR will be met by identifying the sources of 
model uncertainty.  
 
The fire PRA is still in the process of development, and therefore it is difficult to assess this SR. 
 
This will be achieved consistent with the identification of sources of model uncertainty in the 
constituent elements of the fire PRA. For example, the current status of the fire PRA is such that 
the fire modeling is primarily conservative or screening in nature. The fire modeling report 
(Hughes generic treatment) does identify sources of model uncertainty and lists assumptions 
that are used in the use of the model. The treatment of uncertainty for ignition frequencies 
follows that in NUREG/CR-6850. 
 
When the analysis is complete and stable, the sources of model uncertainty should be 
identified. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

Perform the tasks associated with fire PRA standard element UNC and document. Self-assess 
to HLR UNC-A and the associated supporting requirements. Have the completed work peer 
reviewed per the fire PRA standard requirements. 
 
 

Reference(s): 
 

Personnel Contacted: 
  

 



 
  Oconee Unit 3 Fire PRA Pre-Submittal Audit
 

June 24, 2008 - B-65 - 
 

 

FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :MUD-A3-1 Level of Significance: Suggestion 
Reviewer: SAL Capability Category: Met 
 

OBSERVATION: 
Suggestion: Although references to "industry experience" are made in the various procedures, 
very little guidance is given regarding what to monitor. It appears that new industry generic data 
reports, for example, or initiating event history, would be included in the review. However, 
general industry events, operating experience feedback, or other information that could 
challenge PRA model assumptions, point to new failure modes or mechanisms, or reveal new 
event scenarious do not appear to be captured in the procedures. Note that fire-specific 
guidance is not provided. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

Provide direction in process to monitor industry wide operational history. Ensure that component 
data (generic and plant-specific) includes active fire protection systems, e.g. fixed suppression, 
dampers. 

 
Reference(s): 

 
Personnel Contacted: 

1. Workplace procedure XSAA-101, Rev 12, 
"Risk-Impact Review of Nuclear Plant 
Changes Including Nuclear Station 
Modification, and Emergency or Abnormal 
Procedure Changes" 

2. Workplace procedure XSAA-104, Rev 6, 
"Evaluation of Operating Experience 
Events" 

3. Workplace procedure XSAA-106, Rev 15, 
"PRA Maintenance, Update and 
Application" 

4. Workplace procedure XSAA-110, Rev 4, 
"Developing PRA Data" 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :MUD-A3-2 Level of Significance: Suggestion 
Reviewer: SAL Capability Category:  
 

OBSERVATION: 
Suggestion: Add language to monitor updated or new methodologies as appropriate 
 
Currently, XSAA-106 does not have language to use updated or new methodologies which 
reflect current industry and requirements as appropriate. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Workplace procedure XSAA-101, Rev 12, 
"Risk-Impact Review of Nuclear Plant 
Changes Including Nuclear Station 
Modification, and Emergency or Abnormal 
Procedure Changes" 

2. Workplace procedure XSAA-104, Rev 6, 
"Evaluation of Operating Experience 
Events" 

3. Workplace procedure XSAA-106, Rev 15, 
"PRA Maintenance, Update and 
Application" 

4. Workplace procedure XSAA-110, Rev 4, 
"Developing PRA Data" 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :MUD-B1-1 Level of Significance: Suggestion 
Reviewer: SAL Capability Category: Met 
 

OBSERVATION: 
XSAA-106 covers this in detail, requiring both periodic PRA model updates and interim updates 
if significant changes to the plant are made. XSAA-101 ensures that plant changes, including 
TS and procedures, are evaluated for impact on the PRA model. Fires are mentioned, although 
in a cursory manner. The fire PRA being developed to support NFPA 805 transition is not 
specifically included in the scope of the procedure. EDM-601 Appendix K.8 provides a checklist 
for fire protection features to be considered when engineering changes are developed. 
EDM-601 Appendix N provides a checklist for fire protection electrical reviews that refers the 
designer to the PRA group. 
 

BASIS FOR LEVEL OF SIGNIFICANCE: 
 

 
POSSIBLE RESOLUTION (REVIEWER): 

The ASME combined PRA standard needs to be referenced in XSAA-106. The fire PRA model 
should be explicitly included within the scope of the procedure. 

 
Reference(s): 

 
Personnel Contacted: 

1. Workplace procedure XSAA-101, Rev 12, 
"Risk-Impact Review of Nuclear Plant 
Changes Including Nuclear Station 
Modification, and Emergency or Abnormal 
Procedure Changes" 

2. Workplace procedure XSAA-104, Rev 6, 
"Evaluation of Operating Experience 
Events" 

3. Workplace procedure XSAA-106, Rev 15, 
"PRA Maintenance, Update and 
Application" 

4. Workplace procedure XSAA-110, Rev 4, 
"Developing PRA Data" 

5. EDM-601 Rev 7, "Engineering Change 
Manual" 

Brandi Weaver 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :MUD-B4-1 Level of Significance: Finding 
Reviewer: SAL Capability Category: Not Met 
 

OBSERVATION: 
Only the internal events PRA standard is referenced. Since the combined standard or fire 
standard is not referenced, those SRs are not evaluated. Fire standard needs to be referenced 
in XSAA-106 and the fire PRA model should be explicitly in the scope of the procedure. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Workplace procedure XSAA-106, Rev 15, 
"PRA Maintenance, Update and 
Application" 
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FACT/OBSERVATION REGARDING FIRE PRA (FPRA) 
TECHNICAL ELEMENTS 

Plant Name: Oconee 3 Date: 3/18/2008 
ID Number :MUD-E1-1 Level of Significance: Finding 
Reviewer: SAL Capability Category: Not Met 
 

OBSERVATION: 
XSAA-106 states that PRA codes are under the software QA program in accordance with 
procedure NSD-800. NSD-800 defines SDQA Classification C as including "software or data 
that is used to meet a licensing commitment or monitor licensing compliance activities without 
alternative methods to verify the results." Based on conversation with licensee personnel, the 
FRANC computer code and corresponding Microsoft Access databases have not been 
evaluated and documented at any SDQA classification per NSD-800. 

 
BASIS FOR LEVEL OF SIGNIFICANCE: 

This is a finding because the FRANC software and corresponding databases are relied upon to 
map specific fire events and impacts into the PRA CAFTA model, call the quantification engine, 
and display the results. FRANC also performs nominal calculations such as multiplying CCDP 
by severity factor, fire ignition frequency, etc. 

 
POSSIBLE RESOLUTION (REVIEWER): 

 

 
Reference(s): 

 
Personnel Contacted: 

1. Workplace procedure XSAA-106, Rev 15, 
"PRA Maintenance, Update and 
Application" 

2. NSD 801 Rev 11, "Software and Data 
Quality Assurance (SDQA) Program 

Brandi Weaver 
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Appendix C. Reviewer Resumes 
 
 

Record of Staff Reviewer Experience and Qualification for FPRA Review 
Name:  Stephen Dinsmore Tel. No.:  301-415-8482 
Employer:  US NRC e-mail:  scd1@nrc.gov 
Address:  Mail Stop OWFN 10-H4 
 Washington, DC 20555-0001 

Oconee Unit 3 Fire PRA 

Resume Cameo: 
Mr. Dinsmore has over 30 years of experience in PRA in the nuclear power field. He has a detailed knowledge of 
structures, systems, components, and general operating characteristics of nuclear reactors. He has performed, 
and/or used, PRA studies in the US, Sweden, and Germany. For the last 13 years he has worked on developing and 
implementing risk-informed regulations in NRR at the NRC. 

Contribution to Team Collective Qualifications 
[�] Knowledge of Parts 1 and 3 of ASME/ANS RA-S-2008 
[�] Knowledge of FPRA, NUREG/CR-6850 [] Appendix R/Safe Shutdown Analysis 
[ ] Nuclear Steam System Supplier Design [] Circuit Failure Analysis 
[ ] Containment Design [] Plant Operations [ ] Fire Modeling 
[] Systems Engineering [] Fire Protection Programs/Elements 
[�] Industry or Similar PRA Peer Review Experience 
Supporting Details for areas checked above: 
Mr. Dinsmore participated in the Yankee Rowe, Seabrook, Forsmark, and Stade level 1, internal events PRA 
development. He interpreted and converted about a dozed IPE’s into a standardized format for input into the IPE 
database developed by RES during the early 1990’s. He was an NRC observer at the Grand Gulf peer review and the 
San Onofre pilot application of the peer review using the (then) draft ASME PRA standard. He has audited PRA 
analyses that support specific risk-informed applications at a number of plants (Turkey Point, Palisades, Surry, 
North Anna, STP, Palo Verde, etc.). 

Specific Expertise (Check areas assigned for FPRA review) 
[�] Plant Partitioning [�] Equipment Selection [] Cable Selection [�] Qualitative Screen 
[�] Plant Resp. Model [�] Fire Scenario Select. [�] Ignition Frequency [�] Quantitative Screen 
[] Circuit Failure [�] Post-Fire HRA [ ] Seismic/Fire Interact. [�] Quantification 
[ ] Uncertainty/Sens. [�] Configuration Control 
Supporting Details for areas checked above (i.e., summary of relevant direct experience): 
Mr. Dinsmore was one, of three, engineers that performed a fire PRA for the Isar PWR in Germany. He participated 
in all phases of the fire PRA from information gathering about sources and targets during walkdowns at the plant, 
conversion of an internal events PRA to a fire PRA, and final quantification. He was an early reviewer of the ANS 
fire PRA standard and participated in a number of meetings with industry to discus NUREG/CR-6850 and pilot plant 
applications of NFP-805. He was the principle APLA author of RG 1.205, Risk-Informed, Performance-Based Fire 
Protection For Existing Light-Water Nuclear Power Plants. 
[�] Individual is NOT assigned to review his/her 
work  

[�] Individual DOES NOT have a conflict of interest 
in performing this FPRA review 
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Record of Staff Reviewer Experience and Qualification for FPRA Review 

Name:  Raymond HV Gallucci, Ph.D., P.E. Tel. No.:  301-415-1255 
Employer:  US NRC e-mail:  rhg@nrc.gov 
Address:  MS O-11A11 
 Rockville, MD 20852 

Oconee Unit 3 Fire PRA 

Resume Cameo: 
USNRC/NRR/DRA/AFPB – Senior Fire PSA Engineer: 2003-present 
Ginna Nuclear Plant, Senior PSA Engineer: 1997-2003 
Battelle Pacific NW Labs, Senior Research Engineer: 1991-1997 
Combustion Engineering, Principal Statistical Scientist/Engineer: 1984-1991 
Battelle Pacific NW Labs, Research Engineer: 1980-1984 
Rensselaer Polytechnic Institute, B.S., M.E., Ph.D., Nuclear Engineering & Science: 1971-1980 

Contribution to Team Collective Qualifications 
[�] Knowledge of Parts 1 and 3 of ASME/ANS RA-S-2008 
[�] Knowledge of FPRA, NUREG/CR-6850 [ ] Appendix R/Safe Shutdown Analysis 
[�] Nuclear Steam System Supplier Design [ ] Circuit Failure Analysis 
[ ] Containment Design [ ] Plant Operations [ ] Fire Modeling 
[�] Systems Engineering  [ ] Fire Protection Programs/Elements 
[�] Industry or Similar PRA Peer Review Experience 
Supporting Details for areas checked above: 
ANSI/ANS-58.23-2007 Review Committee 
Ph.D., Nuclear Engineering 
Senior PSA Engineer, Ginna Nuclear Plant 
Industry PRA Peer Reviewer for WOG: Byron, Indian Point, Point Beach; hosted industry PRA Peer 
Review for Ginna 

Specific Expertise (Check areas assigned for FPRA review) 
[ ] Plant Partitioning [�] Equipment Selection [ ] Cable Selection [ ] Qualitative Screen 
[�] Plant Resp. Model [ ] Fire Scenario Select. [�] Ignition Frequency [�] Quantitative Screen 
[ ] Circuit Failure [ ] Post-Fire HRA [ ] Seismic/Fire Interact. [�] Quantification 
[�] Uncertainty/Sens. [ ] Configuration Control 
Supporting Details for areas checked above (i.e., summary of relevant direct experience): 
NUREG/CR-6850, Fire Protection SDP, ANSI/ANS-58.23-2007 Review Committee, Ginna Senior PSA 
Engineer (including Fire IPEEE/PRA) – I am the Fire Protection Branch staff expert on Fire PRA, including 
NUREG/CR-6850, the Fire Protection SDP and ANS & ASME/ANS Fire PRA Standards. I updated the Ginna 
PSA to include fire events and failures. My Ph.D. thesis addressed probabilistic methods for fire-induced 
loss of nuclear power plant safety functions, a pioneering work in the field of fire PRA (1980). I have 
worked in the area of risk and reliability analysis/probabilistic and statistical modeling for over 25 years 
at the employers listed above. I have published numerous papers in these areas. 
[�] Individual is NOT assigned to review his/her 
work  

[�] Individual DOES NOT have a conflict of interest 
in performing this FPRA review 
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Record of Staff Reviewer Experience and Qualification for FPRA Review 

Name:  J.S. Hyslop Tel. No.:  301-415-6354 
Employer:  US NRC e-mail:  jsh2@nrc.gov 
Address:  Mail Stop T-9F39 
 Washington, DC 20555 

Oconee Unit 3 Fire PRA 

Resume Cameo: 
Dr. Hyslop has approximately eighteen years in the nuclear power field at the Nuclear Regulatory 
Commission. He has worked exclusively in the fire PRA area for over ten years. In NRR, he performed 
assessments of the significance of fire protection inspection findings, and assessments of the 
importance of more generic fire protection issues (e.g. Kaowool). In RES, he has overseen and 
participated in the development of comprehensive detailed fire PRA methods being used extensively in 
fire PRAs being developed by industry for their NFPA 805 transition. He also led a technical group 
associated with the revision of the fire protection SDP. He has a Ph.D. in physics. 
 
Contribution to Team Collective Qualifications 
[�] Knowledge of Parts 1 and 3 of ASME/ANS RA-S-2008 
[�] Knowledge of FPRA, NUREG/CR-6850 [ ] Appendix R/Safe Shutdown Analysis 
[ ] Nuclear Steam System Supplier Design [ ] Circuit Failure Analysis 
[ ] Containment Design [ ] Plant Operations [ ] Fire Modeling 
[ ] Systems Engineering [ ] Fire Protection Programs/Elements 
[ ] Industry or Similar PRA Peer Review Experience 
Supporting Details for areas checked above: 
Dr. Hyslop has performed reviews of the fire PRA standard as an ANS reviewer, and has participated in 
and coordinated the review for NRC. He has participated in technical meetings with the ANS working 
group responsible for writing the standard. He also is the NRC Project Manager for NUREG/CR-6850, the 
joint fire PRA methodology report being used extensively by licensees in performing their NFPA 805 
transition. In that vein, he oversaw and participated in the development of fire PRA methods.  
Specific Expertise (Check areas assigned for FPRA review) 
[ ] Plant Partitioning [ ] Equipment Selection [ ] Cable Selection [ ] Qualitative Screen 
[ ] Plant Resp. Model [�] Fire Scenario Select.  [ ] Ignition Frequency [ ] Quantitative Screen 
[ ] Circuit Failure [ ] Post-Fire HRA [ ] Seismic/Fire Interact. [ ] Quantification 
[ ] Uncertainty/Sens. [�] Configuration Control 
Supporting Details for areas checked above (i.e., summary of relevant direct experience): 
Through his work in assessing fire protection inspection findings, as well participation in development of 
NUREG/CR-6850 and the fire protection SDP revision, Dr. Hyslop has performed analyses and 
participated in development of methods related to implementation of criteria in FSS. Regarding the 
Configuration Control area, he performed the assessment at Harris. 
[�] Individual is NOT assigned to review his/her 
work  

[�] Individual DOES NOT have a conflict of interest 
in performing this FPRA review 
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Record of Staff Reviewer Experience and Qualification for FPRA Review 

Name:  Paul William Lain, P.E. Tel. No.:  301-415-2346 
Employer:  US NRC e-mail:  pwl@nrc.gov 
Address: MS: O-11A11 
 Washington DC, 20555 
 

Oconee Unit 3 Fire PRA 

Resume Cameo: 
BS & MS in Fire Protection Engineering (MD Professional Engineering License) 
24 years of Fire Protection Engineering Experience (8 yr Navy, 6 yr DOE, 10 yr NRC) 
 

Contribution to Team Collective Qualifications 
[ ] Knowledge of Parts 1 and 3 of ASME/ANS RA-S-2008 
[ ] Knowledge of FPRA, NUREG/CR-6850 [ ] Appendix R/Safe Shutdown Analysis 
[ ] Nuclear Steam System Supplier Design [ ] Circuit Failure Analysis 
[ ] Containment Design [ ] Plant Operations [ ] Fire Modeling 
[ ] Systems Engineering [�] Fire Protection Programs/Elements 
[ ] Industry or Similar PRA Peer Review Experience 
Supporting Details for areas checked above: 
NRC Representative on NFPA Technical Committee for Nuclear Facilities 
6 yr NFPA 805 Program Manager 
3 yr NFPA 805 Pilot Project Manager 
 

Specific Expertise (Check areas assigned for FPRA review) 
[�] Plant Partitioning [ ] Equipment Selection [ ] Cable Selection [�] Qualitative Screen 
[ ] Plant Resp. Model [ ] Fire Scenario Select. [�] Ignition Frequency [ ] Quantitative Screen 
[ ] Circuit Failure [ ] Post-Fire HRA [�] Seismic/Fire Interact. [ ] Quantification 
[ ] Uncertainty/Sens. [�] Configuration Control 
Supporting Details for areas checked above (i.e., summary of relevant direct experience): 
 
Review of NUREG/CR-6850, ASME Combined Standard 
2 yrs of NFPA 805-Pilot Plant Reviews 
 
 
[�] Individual is NOT assigned to review his/her 
work  

[�] Individual DOES NOT have a conflict of interest 
in performing this FPRA review 
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Record of Staff Reviewer Experience and Qualification for FPRA Review 

Name:  Steven A. Laur Tel. No.:  301-415-2889 
Employer:  US NRC e-mail:  sal@nrc.gov 
Address:  Mail Stop OWFN 10-H4 
 Washington, DC 20555-0001 

Oconee Unit 3 Fire PRA 

Resume Cameo: 
Mr. Laur has over 27 years of experience in the nuclear power field. He has a detailed knowledge of 
structures, systems, components, and general operating characteristics of nuclear reactors. He held a 
Senior Reactor Operator (SRO) license on the St. Lucie plant and served as a Shift Technical Advisor. He 
is a Registered Professional Engineer in the State of Florida in both the nuclear and electrical disciplines. 
He began working in the PRA arena in 1991. 

Contribution to Team Collective Qualifications 
[ ] Knowledge of Parts 1 and 3 of ASME/ANS RA-S-2008 
[ ] Knowledge of FPRA, NUREG/CR-6850 [ ] Appendix R/Safe Shutdown Analysis 
[ ] Nuclear Steam System Supplier Design [ ] Circuit Failure Analysis 
[ ] Containment Design [�] Plant Operations [ ] Fire Modeling 
[ ] Systems Engineering [ ] Fire Protection Programs/Elements 
[�] Industry or Similar PRA Peer Review Experience 
Supporting Details for areas checked above: 
Mr. Laur held an SRO license at St. Lucie and reviewed procedures and conducted simulator 
observations at several plants while performing the human reliability analysis for their IPE PRA models 
(Robinson, Dresden and Quad Cities). He led teams that performed audits of the Beaver Valley and 
Browns Ferry PRA models to support license amendment requests. He developed the audit plans, 
selected team members, organized team planning sessions, coordinated the conduct of the audit on site 
and led preparation of the audit report. He also participated in PRA quality reviews of three of the five 
Regulatory Guide 1.200 pilot plants. 

Specific Expertise (Check areas assigned for FPRA review) 
[ ] Plant Partitioning [ ] Equipment Selection [ ] Cable Selection [ ] Qualitative Screen 
[�] Plant Resp. Model [ ] Fire Scenario Select. [ ] Ignition Frequency [ ] Quantitative Screen 
[ ] Circuit Failure [ ] Post-Fire HRA [ ] Seismic/Fire Interact. [�] Quantification 
[ ] Uncertainty/Sens. [�] Configuration Control 
Supporting Details for areas checked above (i.e., summary of relevant direct experience): 
Mr. Laur has worked in the PRA arena since 1991. He helped to develop the Individual Plant Examination 
PRA models for the Harris, Robinson, Dresden and Quad Cities nuclear plants. He performed a large 
number of PRA applications to support risk-informed license amendment requests, to determine the risk 
of an event or non-conforming condition, or to provide risk insights and ranking information for a risk-
informed program. Many of these applications involved changing the PRA model event trees and/or 
fault trees. He is experienced at PRA model quantification and results interpretation and is proficient at 
using the CAFTA suite of risk programs. He developed the initial Progress Energy program and 
procedures for PRA quality control, update, software QA, personnel training and qualification, and 
applications. 
[�] Individual is NOT assigned to review his/her 
work  

[�] Individual DOES NOT have a conflict of interest 
in performing this FPRA review 
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Record of Staff Reviewer Experience and Qualification for FPRA Review 

Name:  Edward McCann Tel. No.:  301-415-1218 
Employer:  US NRC e-mail:  evm@nrc.gov 
Address:  Mail Stop OWFN 07C2A  
 Washington, DC 20555-0001 

Oconee Unit 3 Fire PRA 

Resume Cameo: 
16 years of Fire Protection, Appendix R Safe Shutdown Analysis, Electrical Engineering, Instrumentation and 
Control (I&C) Engineering experience. Nuclear Regulatory Commission (NRC) Fire Protection/Appendix R 
experience included lead responsibility for management of Multiple Spurious Operations (MSOs) Circuits Issue, 
development or endorsement of a methodology to address MSOs with stakeholders, reviewing and 
communicating NRC’s expectations on stakeholder’s methodology to address MSOs as required, conducting 
bimonthly public meetings with stakeholders on methodology to address MSOs, hold Public Workshops as 
required, revising inspection procedures and enforcement guidance as required. Industry Appendix R 
responsibilities included being the Program Owner during my 15 years at CCNPP. 

Contribution to Team Collective Qualifications 
[ ] Knowledge of Parts 1 and 3 of ASME/ANS RA-S-2008 
[ ] Knowledge of FPRA, NUREG/CR-6850 [�] Appendix R/Safe Shutdown Analysis 
[ ] Nuclear Steam System Supplier Design [�] Circuit Failure Analysis 
[ ] Containment Design [] Plant Operations [ ] Fire Modeling 
[ ] Systems Engineering [ ] Fire Protection Programs/Elements 
[ ] Industry or Similar PRA Peer Review Experience 
Supporting Details for areas checked above: 
Industry Appendix R responsibilities included being the Program Owner during my 15 years at CCNPP. I supervised 
up to ten engineers during the Appendix R Upgrade Project which did a complete re-analysis of all Appendix R 
circuits during the mid 1990s using Appendix R and GL 86-10. I was responsible for the recent RIS 2004-03 Self 
Assessment which re-analyzed circuits for multiple spurious actuations. Industry Fire Protection experience 
included Fire Barrier Analysis, Fire Hazards Analysis, development of pre-fire plans, review of fire barrier seals & 
penetrations, diesel fire pump testing, compensatory actions, hot work control, analysis of fire suppression and 
detection systems, license renewal, and combustible loading analysis. 

Specific Expertise (Check areas assigned for FPRA review) 
[ ] Plant Partitioning [�] Equipment Selection [�] Cable Selection [ ] Qualitative Screen 
[ ] Plant Resp. Model [ ] Fire Scenario Select. [ ] Ignition Frequency [ ] Quantitative Screen 
[�] Circuit Failure [ ] Post-Fire HRA [ ] Seismic/Fire Interact. [ ] Quantification 
[ ] Uncertainty/Sens. [ ] Configuration Control 
Supporting Details for areas checked above (i.e., summary of relevant direct experience): 
Industry Appendix R responsibilities included being the Program Owner during my 15 years at CCNPP. I supervised 
up to ten engineers during the Appendix R Upgrade Project which did a complete re-analysis of all Appendix R 
circuits during the mid 1990s using Appendix R and GL 86-10. I was responsible for the recent RIS 2004-03 Self 
Assessment which re-analyzed circuits for multiple spurious actuations. Industry Fire Protection experience 
included Fire Barrier Analysis, Fire Hazards Analysis, development of pre-fire plans, review of fire barrier seals & 
penetrations, diesel fire pump testing, compensatory actions, hot work control, analysis of fire suppression and 
detection systems, license renewal, and combustible loading analysis. 
[�] Individual is NOT assigned to review his/her 
work  

[�] Individual DOES NOT have a conflict of interest 
in performing this FPRA review 
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Record of Staff Reviewer Experience and Qualification for FPRA Review 

Name:  Mark R. Mitchell Tel. No.:  509-372-4069 
Employer: PNNL e-mail:  m.r.mitchell@pnl.gov 
Address: PO Box 999 
 Richland, WA 99352 

Oconee Unit 3 Fire PRA 

Resume Cameo: 
Mr. Mitchell has over 25 years of experience in the nuclear power field. He has a detailed knowledge of 
structures, systems, components, and general operating characteristics of nuclear reactors. He held a 
Reactor Operator (RO) license on the Fort St. Vrain plant and Senior Reactor Operator (SRO) certification 
at Duane Arnold plant. He has worked as a system engineer, operations trainer, and licensed operator 
examiner. 
 

Contribution to Team Collective Qualifications 
[ ] Knowledge of Parts 1 and 3 of ASME/ANS RA-S-2008 
[�] Knowledge of FPRA, NUREG/CR-6850 [�] Appendix R/Safe Shutdown Analysis 
[�] Nuclear Steam System Supplier Design [�] Circuit Failure Analysis 
[�] Containment Design [�] Plant Operations [ ] Fire Modeling 
[�] Systems Engineering [ ] Fire Protection Programs/Elements 
[ ] Industry or Similar PRA Peer Review Experience 
Supporting Details for areas checked above: 
Mr. Mitchell held a Reactor Operator (RO) license on the Fort St. Vrain plant and reviewed procedures 
and conducted simulator observations at many US BWR plants while conducting licensed operator 
examinations for NRC. He worked as a systems engineer at the Fort St. Vrain plant, did hands-on and 
analytical work for maintenance/calibration of instrumentation, coordinated shutdown work, and 
worked with the reactor vendor to resolve plant operating problems relating to single loop operations. 
He successfully completed EPRI/NRC training on Fire PRA and on Circuit Analysis in 2007. 
 
Specific Expertise (Check areas assigned for FPRA review) 
[�] Plant Partitioning [�] Equipment Selection [�] Cable Selection [ ] Qualitative Screen 
[ ] Plant Resp. Model [ ] Fire Scenario Select. [ ] Ignition Frequency [ ] Quantitative Screen 
[ ] Circuit Failure [ ] Post-Fire HRA [ ] Seismic/Fire Interact. [ ] Quantification 
[ ] Uncertainty/Sens. [ ] Configuration Control 
Supporting Details for areas checked above (i.e., summary of relevant direct experience): 
Mr. Mitchell gained experience in Plant Partitioning, Equipment Selection, and Cable Selection during his 
work as an RO, licensed operator trainer, and licensed operator examiner. In addition to overall 
familiarity with plant safety-related equipment and its power supplies, how to read Piping and 
Instrumentation Drawings, etc. he studied these topics and their relation to Fire PRA in the EPRI/NRC 
training courses held in 2007. 
 
[�] Individual is NOT assigned to review his/her 
work  

[�] Individual DOES NOT have a conflict of interest 
in performing this FPRA review 
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Record of Staff Reviewer Experience and Qualification for FPRA Review 

Name:  Mr. Steven Nowlen Tel. No.:  505-845-9850 
Employer:  Sandia National Laboratory e-mail:  spnowle@sandia.gov 
Address:  Sandia National Laboratories 
 PO Box 5800 MS 0748 
 Albuquerque, NM 87185-0748 

Oconee Unit 3 Fire PRA 

Resume Cameo: 
Mr. Nowlen is a Distinguished Member of the Technical Staff at Sandia National Laboratories 
and has over 24 years of experience in fire protection and fire risk analysis for nuclear power plant applications. He 
was a member of the NRC senior review board for IPEEE fire analyses, was technical lead for the NRC team who 
authored the consensus EPRI/RES fire PRA method (NUREG/CR-6850), and was a member of the core writing team 
for the recently published ANS fire PRA methodology standard. Mr. Nowlen is currently Sandia’s technical area 
lead for the NRC fire protection and fire risk research programs. 

Contribution to Team Collective Qualifications 
[ ] Knowledge of Parts 1 and 3 of ASME/ANS RA-S-2008 
[�] Knowledge of FPRA, NUREG/CR-6850 [ ] Appendix R/Safe Shutdown Analysis 
[] Nuclear Steam System Supplier Design [�] Circuit Failure Analysis 
[ ] Containment Design [] Plant Operations [�] Fire Modeling 
[ ] Systems Engineering [�] Fire Protection Programs/Elements 
[ ] Industry or Similar PRA Peer Review Experience 
Supporting Details for areas checked above: 
Mr. Nowlen has authored approximately 29 NUREG/CR reports and over 40 additional conference papers and 
journal articles all related to NPP fire protection, experimental fire research and fire risk analysis. Specific recent 
activities include: principal author on NUREG/CR-6850; member of the ANS fire PRA standard core writing team; 
principal author of the CAROLFIRE report (NUREG/CR-6931); active participant in the original NEI/EPRI cable failure 
modes and effects tests (NUREG/CR-6776); member of the EPRI expert panel on circuit failure mode likelihood 
assessment; participant in support of NRR fire protection inspections; and coordinating lead author for the NRC 
fire protection SDP process.. 

Specific Expertise (Check areas assigned for FPRA review) 
[�] Plant Partitioning [ ] Equipment Selection [�] Cable Selection [�] Qualitative Screen 
[ ] Plant Resp. Model [�] Fire Scenario Select. [�] Ignition Frequency [�] Quantitative Screen 
[�] Circuit Failure [ ] Post-Fire HRA [�] Seismic/Fire Interact. [ ] Quantification 
[ ] Uncertainty/Sens. [ ] Configuration Control 
Supporting Details for areas checked above (i.e., summary of relevant direct experience): 
Mr. Nowlen has over 24 years experience in fire modeling, fire testing, and fire risk analysis. His publications 
include many reports, papers and journal articles directly relevant to the cited topical expertise areas. Mr. 
Nowlen’s expertise is most directly applicable to those aspects of fire PRA related to fire phenomena rather than 
those aspects associated with systems analysis related tasks (e.g., plant response model); however, as principal 
author and RES technical lead for NUREG/CR-6850, he had a significant level of involvement in all aspects of the 
methodology. Similar broad expertise relative to the ANS fire PRA standard also applies. 
[�] Individual is NOT assigned to review his/her 
work  

[�] Individual DOES NOT have a conflict of interest 
in performing this FPRA review 
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Record of Staff Reviewer Experience and Qualification for FPRA Review 

Name:  Gareth W Parry Tel. No.:  301-415-1464 
Employer:  US NRC e-mail:  gwp2@ncr.gov 
Address: Mail Stop OWFN 10-H4 
 Washington, DC 20555-0001 

Oconee Unit 3 Fire PRA 

Resume Cameo: Over 30 years experience in the nuclear safety field. He worked at the UKAEA Safety 
and Reliability Directorate for five years performing research into methodology for safety and reliability 
assessment. He worked for NUS Corporation, a U.S. consulting company, for more than fifteen years, 
contributing to a large number of PRA studies, both as an analyst and as project manager. In the latter 
role he managed a number of fire PRA projects. He also worked on methods development for human 
reliability analysis, common cause failure analysis, and uncertainty analysis. At NRC he is a senior advisor 
on PRA in the Office of Nuclear Reactor Regulation, where his main focus has been the development of 
the infrastructure for risk-informed regulation, including the development and use of consensus PRA 
standards.  

Contribution to Team Collective Qualifications 
[�] Knowledge of Parts 1 and 3 of ASME/ANS RA-S-2008 
[�] Knowledge of FPRA, NUREG/CR-6850 [ ] Appendix R/Safe Shutdown Analysis 
[ ] Nuclear Steam System Supplier Design [ ] Circuit Failure Analysis 
[ ] Containment Design [ ] Plant Operations [ ] Fire Modeling 
[ ] Systems Engineering [ ] Fire Protection Programs/Elements 
[�] Industry or Similar PRA Peer Review Experience 
Supporting Details for areas checked above: He is a member of the ASME Committee for Nuclear Risk 
Management subcommittee on PRA applications, and an NRC alternate member of the ANS RISC. In that 
role he has participated significantly to the development of the PRA standards, either as a contributor or 
as a reviewer. He is NRR’s primary contributor to the development of RG 1.200. He has participated in 
more than ten PRA studies both domestically and overseas. He was project manager for five of these 
studies. Several of these studies included a fire PRA within the scope. He participated in a number of 
PRA reviews both for US utility companies, for the NRC (NUREG 1150) and for the IAEA.  

Specific Expertise (Check areas assigned for FPRA review) 
[ ] Plant Partitioning [ ] Equipment Selection [ ] Cable Selection [ ] Qualitative Screen 
[�] Plant Resp. Model [ ] Fire Scenario Select. [ ] Ignition Frequency [ ] Quantitative Screen 
[ ] Circuit Failure [�] Post-Fire HRA [ ] Seismic/Fire Interact. [�] Quantification 
[�] Uncertainty/Sens. [�] Configuration Control 
Supporting Details for areas checked above (i.e., summary of relevant direct experience): As project 
manager for several fire PRAs he had the responsibility for ensuring that the various elements of the 
model were combined appropriately to estimate the fire risk. He was the analyst responsible for 
uncertainty analyses for almost all of the NUS performed PRAs, and has written several journal articles 
on the treatment of uncertainty in PRA, and has recently contributed to the development of the draft 
NUREG 1855 – Guidance on the treatment of Uncertainties Associated with PRAs in Risk-Informed 
Decision Making. He has contributed to the development of HRA methods, including the CBDT method 
developed by EPRI, and ATHEANA, developed by NRC. 
[�] Individual is NOT assigned to review his/her 
work  

[�] Individual DOES NOT have a conflict of interest 
in performing this FPRA review 



 
  Oconee Unit 3 Fire PRA Pre-Submittal Audit
 

June 24, 2008 - C-10 - 
 

 
Record of Staff Reviewer Experience and Qualification for FPRA Review 

Name: Robert Vettori Tel. No.: 301-415-3666 
Employer:  US NRC e-mail: rxv1@nrc.gov 
Address: 11555 Rockville Pike 
 Rockville, MD 20852 

Oconee Unit 3 Fire PRA 

Resume Cameo: BS University of Maryland Fire Protection Engineering 1986 
  MS University of Maryland Fire Protection Engineering 1999 
Employment 11/07 Present: NRC NRR/DRA/AFPB  
  9/04 – 11/07 Full time at National Institute of Standards and Technology 
  12/85 – 9/04 Part time at national Institute of Standards and Technology 
  1/74 – 8-04 Full time Montgomery County Maryland Dept of Fire and Rescue 
 

Contribution to Team Collective Qualifications 
[ ] Knowledge of Parts 1 and 3 of ASME/ANS RA-S-2008 
[ ] Knowledge of FPRA, NUREG/CR-6850 [ ] Appendix R/Safe Shutdown Analysis 
[ ] Nuclear Steam System Supplier Design [ ] Circuit Failure Analysis 
[ ] Containment Design [ ] Plant Operations [�] Fire Modeling 
[ ] Systems Engineering [ ] Fire Protection Programs/Elements 
[ ] Industry or Similar PRA Peer Review Experience 
Supporting Details for areas checked above: 
While at NIST worked with computer models CFAST, FPETOOL, and FDS modeling sprinkler experiments, 
and in reconstruction of line of duty death of fire fighters. 
Masters thesis at the University of Maryland was on the computer model FDS. At the time it was called 
Industrial Fire Simulator 
 
Specific Expertise (Check areas assigned for FPRA review) 
[�] Plant Partitioning [ ] Equipment Selection [ ] Cable Selection [ ] Qualitative Screen 
[ ] Plant Resp. Model [�] Fire Scenario Select. [ ] Ignition Frequency [ ] Quantitative Screen 
[ ] Circuit Failure [ ] Post-Fire HRA [ ] Seismic/Fire Interact. [ ] Quantification 
[ ] Uncertainty/Sens. [ ] Configuration Control 
Supporting Details for areas checked above (i.e., summary of relevant direct experience): 
Past work at NIST and relevant school work.  
 
 
 
 
[�] Individual is NOT assigned to review his/her 
work  

[�] Individual DOES NOT have a conflict of interest 
in performing this FPRA review 
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Appendix D.  Entrance/Exit Meeting Attendance Sheets 
 

Attendance Sheet: March 17 & 21, 2008 Entrance & Exit Meetings 
NRC Staff Review of Oconee Unit 3 Fire PRA Model 

Name Organization E-Mail Entrance Exit 
Alter, Kent Duke Mech/Civil 

Engineering 
Kralter@duke-energy.com X X 

Batson, Scott Duke/ONS slbatson@duke-energy.com X X 
Boggs, Scott Duke/ONS/EP/fire 

brigade 
gsboggs@duke-energy.com X  

Boyer, Robert Duke PRA rpboyer@duke-energy.com X  
Brown, Rodney Duke/ONS/EP jrbrown@duke-energy.com X  
Bryant, Travis L. Duke Oconee RES 

Power 
tbryant@duke-energy.com X  

Burchfield, Ed Oconee Engr. jeburch@duke-energy.com  X 
Carroll, Bryan Duke PRA bccarrol@duke-energy.com X  
Curry, Clark Duke Mech/Civil 

Engineering Lead 
cecurry@duke-energy.com X X 

Curtis, Tom Duke Engineering tdcurtis@duke-energy.com X  
Davenport, Graham Duke/Oconee Reg. 

Compliance 
bgdavenp@duke-energy.com X X 

Dinsmore, Stephen NRC/NRR/DRA/APLA scd1@nrc.gov X X 
Eflin, Camden Duke/ONS 

Operations 
cheflin@duke-energy.com X  

Farradj, Usama Erin Uafarradj@erineng.com  X 
Finch, Paul L. Area Safe Shutdown paul.finch@areva.com X  
Freudenberger, Rich ONS Safety 

Assurance Manager 
rjfreude@duke-energy.com X  

Gallucci, Ray NRC/NRR/DRA/AFPB rhg@nrc.gov X  
Gambrell, Reene Duke/ONS/RGC rvgambre@duke-energy.com X X 
Glover, R. M. Oconee Station Mgr. rmglover@duke-energy.com  X 
Goforth, David Duke/NMP djgoforth@duke-energy.com  X 
Hutto, Andy NRC/RII – Oconee SRI gah2@nrc.gov X X 
Hyslop, J. S. NRC/RES/FRB john.hyslop@nrc.gov  X 
Jarrett, Steve Duke-ONS Safe 

Shutdown 
sljarrett@duke-energy.com X X 

Kleinsorg, Elizabeth KGRS ekleinsorg@haifire.com  X 
Knight, Bob Duke/ONS/RGC mrknight@duke-energy.com  X 
Lain, Paul NRC/NRR/DRA pwl@nrc.gov X X 
Laur, Steven NRC/NRR/DRA sal@nrc.gov X X 
Lefkowitz, Harold Duke/ONS/MCE hllefkow@duke-energy.com X X 
Leslie, David Duke/NGD/Major 

Projects 
dcleslie@duke-energy.com X X 

McCann, Edward V. NRC/NRO/DSRA/ 
SFPB 

evm@nrc.gov X X 

Mitchell, Mark R. PNNL mitch@pnl.gov X X 
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Attendance Sheet: March 17 & 21, 2008 Entrance & Exit Meetings 
NRC Staff Review of Oconee Unit 3 Fire PRA Model 

Name Organization E-Mail Entrance Exit 
Nowlen, Steven Sandia National Lab spnowle@sandia.gov  X 
Oates, Ron Duke NFPA 805 

Licensing 
ronoates@ars-corp.net X X 

Oldham, James Duke Fleet Fire Prot. 
Lead 

Jaoldham 
@duke-eergy.com 

X  

Parker, David Duke NFPA 805 
Transition Team 

dparker3148 
@yahoo.com 

X  

Parry, Gareth W. NRC/NRR/DRA gwp@nrc.gov X X 
Rich, Daniel NRC/RII dwr@nrc.gov  X 
Rogers, Walt NRC/RII wgr1@nrc.gov X X 
Simbles, Edward Erin easimbles@erinengcom X X 
Vettori, Robert NRC/NRR/DRA/AFPB rxv1@nrc.gov X X 
Weast, James V. Kuke Oconee RCG jvweast@duke-energy.com X  
Weaver, Brandi Duke/PRA btweave@duke-energy.com X X 
Wells, Andy Duke/ONS/MCE pawells@duke-energy.com X  
Williams, Debbie Duke Mod Engineer djwilliams3@duke-energy.com X  
Winkel, Gary Duke NFPA 805 gewinkel@duke-energy.com X  
Zee, Kiang Erin Klzee@erineng.com  X 
Zentner, Mike PNNL md.zentner@pnl.gov X X 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


