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ABSTRACT

During the 1990s, the Electric Power Research Institute (EPRI) developed methods for fire risk
analysis to support its utility members in the preparation of responses to Generic Letter 88-20,
Supplement 4, “Individual Plant Examination - External Events” (IPEEE). This effort produced
a Fire Risk Assessment methodology for operations at power that was used by the majority of
U.S. nuclear power plants (NPPs) in support of the IPEEE program and several NPPs overseas.
Although these methods were acceptable for accomplishing the objectives of the IPEEE, EPRI
and the U.S. Nuclear Regulatory Commission (NRC) recognized that they required upgrades to
support current requirements for risk-informed, performance-based (RI/PB) applications.

In 2001, EPRI and the USNRC’s Office of Nuclear Regulatory Research (RES) embarked

on a cooperative project to improve the state-of-the-art in fire risk assessment to support a new
risk-informed environment in fire protection. This project produced a consensus document,
NUREG/CR-6850 (EPRI 1011989), entitled “Fire PRA Methodology for Nuclear Power
Facilities” which addressed fire risk for at power operations. NUREG/CR-6850 developed high
level guidance on the process for identification and inclusion of human failure events (HFEs)
into the fire PRA (FPRA), and a methodology for assigning quantitative screening values to
these HFE:s. It outlined the initial considerations of performance shaping factors (PSFs) and
related fire effects that may need to be addressed in developing best-estimate human error
probabilities (HEPs). However, NUREG/CR-6850 did not describe a methodology to develop
best-estimate HEPs given the PSFs and the fire-related effects.

In 2007, EPRI and RES embarked on another cooperative project to develop explicit guidance
for estimating HEPs for human failure events under fire generated conditions, building upon
existing human reliability analysis (HRA) methods. This document provides a methodology and
guidance for conducting a fire HRA. This process includes identification and definition of
post-fire human failure events, qualitative analysis, quantification, recovery, dependency, and
uncertainty. This document provides three approaches to quantification: screening, scoping, and
detailed HRA. Screening is based on the guidance in NUREG/CR-6850, with some additional
guidance for scenarios with long time windows. Scoping is a new approach to quantification
developed specifically to support the iterative nature of fire PRA quantification. Scoping is
intended to provide less conservative HEPs than screening, but requires fewer resources than a
detailed HRA analysis. For detailed HRA quantification, guidance has been developed on how
to apply existing methods to assess post-fire fire HEPs.
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FOREWORD

Fire probabilistic risk assessment (PRA) methods were used in the Individual Plant Examinations
of External Event (IPEEE) program to facilitate a nuclear power plant examination for
vulnerabilities. However, in order to make refined, more realistic decisions for risk-informed
regulation, fire PRA methods needed to be improved. More robust fire PRA methods will

benefit licensee applications and U.S. Nuclear Regulatory Commission (USNRC) review
guidance with respect to many regulatory activities such as the risk-informed, performance-based
fire protection rulemaking (endorsing National Fire Protection Association Standard 805). In
order to address the need for improved methods, in 2001, the NRC Office of Nuclear Regulatory
Research (RES) and Electric Power Research Institute (EPRI) collaborated under a joint
Memorandum of Understanding (MOU), to develop NUREG/CR-6850, “EPRI/NRC-RES

Fire PRA Methodology for Nuclear Power Facilities,” a state-of-art Fire PRA methodology.

The fire HRA guidance provided in NUREG/CR-6850, included: 1) the process for identification
and inclusion of the fire-related human failure events (HFEs), 2) the methodology for assigning
quantitative screening values to these HFEs, and 3) the initial considerations of performance
shaping factors (PSFs) and related fire effects that may need to be addressed in developing
best-estimate human error probabilities (HEPs). HRA guidance in NUREG/CR-6850, EPRI
1008239, recommends use of “detailed HRA methods” to address cases where best estimate
HEPs are needed. However, detailed HRA methods do not provide fire specific HRA guidance
to systematically address fire specific PSFs and related effects, but rely on judgment of the
analyst(s) to select PSFs, to evaluate the fire effects, to define HFEs and to assess HEPs.

The NFPA 805 transition initiative has encouraged the development of additional guidance for
performing HRA for fire probabilistic risk assessment (FPRA). This project builds upon what is
documented in NUREG/CR-6850, Volume 2, Section 12, and addresses the development of
human reliability analyses, which satisfy available standards. These Fire HRA guidelines were
originally written to the December 2006 draft version of the Fire PRA Methodology standard,
which ultimately became ANSI/ANS-58.23-2007 in November 2007. Some sections of the
report also cite ASME RA-S-2000, “Standard for PRA for Nuclear Power Plant Applications,”
and its addenda, ASME RA-Sa-2003 and ASME RA-Sb-2005, as they relate to internal

events PRA issues that apply to Fire PRA/HRA. It was decided to issue this version of the

Fire HRA Guidelines for public review and comment rather than delay it further to resolve any
inconsistencies between the draft and final versions of the ANS standard, or to review and
incorporate information from the recently published ASME/ANS RA-Sa-2009, “Level 1 and
Large Early Release Frequency (LERF) PRA Standard,” which applies to at power internal
events, internal fire events, and external events for operating reactors. The necessary reviews
and revisions to reflect the latest standard will be addressed prior to issuing the final Fire HRA
Guidelines.



This report is the third product of the collaboration between EPRI and RES and comes under
the auspices of the “Memorandum of Understanding (MOU) on Cooperative Nuclear Safety
Research between NRC and EPRI, Addendum on Fire Risk (Rev. 2).” For this report, a more
in-depth, realistic treatment has been developed to explicitly account for key fire-induced
influencing factors that impact the human actions needed to prevent core damage or large
early releases. It is anticipated that this guidance will be used by the industry as part of transition
to NFPA 805 and possibly in response to other regulatory issues such as multiple spurious
operation (MSO) and operator manual actions (OMAs). This is the first report addressing
fire-related human reliability analysis for fire PRAs that goes beyond the screening level.

As the methodology is applied at a wide variety of plants, the document may benefit from
future improvements to better support industry-wide issues being addressed by fire PRAs.

This document does not constitute regulatory requirements. RES participation in this

study does not constitute or imply regulatory approval of applications based upon this
methodology.

Vi



CONTENTS

1 = 0 2 X O ]|
FOREWORD.......ciiiiiiiiiiissssnnnsiissssssssssmsss s s ssssssssssmmsss s s s sssssssssssssssssssssssssssnmnsnssssssssssssnnnnsnnsssssnssnnnn Vv
00 8 0 Vil
LIST OF FIGURES ........eeeiiiiiiissssssscnsn s s ssssssssssmsss s s s s ssssssssssssss s s s ssssssssnsmssssssssssssssnnnnnnsnssssssnsen XV
I S 0 L i 17 = 0 XVII
REPORT SUMMARY ....ouieiiiiiiiiisssssssnssssssssssssssmsssssssssssssssssssssssssssssssssssmssssssssssssssnnsnnsnsssssnsss XIX
0 8 7 0 0 XXI
LIST OF ACRONYMS .....cceciiiiiiiiiissssssmmssnnssssssssssssssssssssssssssssssmsssssssssssssssnsnsssssessssssssnnnnnnnsnssss XXl
TINTRODUCTION ....ccueeiiiniiiinisssssssssssssssssssssss s s s ssssssssmssss s s s sssssssssnssnss s s sssssssssnnnnnnssnsssssssnnnns 1-1
LI I = 22T (o (0] 0] T IR PSP PRPPPP PP 1-1
1.2 Programmatic OVEIVIEW ..........ceiiiiiiiiiiiiiiie ettt e e e e e e enee e 1-1
1.2.1 ODJECHVES ...t e e e e e e e e e e e e e e nrr e eeaeeeeeaaas 1-2

L 22 o (o] 1= o A 1= T S 1-2
1.2.2.1 Fire Data ReVIEW .......ooiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeee ettt 1-2

1.2.2.2 Fire HRA DeVvelopment .........oooiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeeee ettt 1-3

1.2.2.3 Fire HRA Testing TasKS........ccccuiieiiieeiieee e 1-3

L ITEC TS T o o - SRR 1-4
1.4 Intended Audience and Prerequisite EXPertiSe .............uuuuuuueiimeiimiiiiiiiiiiie 1-6
1.5 REPOM STTUCKUIE ...t e e e e e e e e e e e e e e e e nnnneees 1-6
1.6 REIEIEBNCES ... et e e e e e e e e e e e e e st r e e e e e e e e nnnees 1-7

vii



2 FIRE HRA FRAMEWORK .......ccctiiimtmimnnisnsnisssnnsssssssssssssssssssssnsssssnsssssnssssssssasssessnssasanssanans 2-1

2.7 INEFOAUCTION ... 2-1
2.2 FIre HRA PrOCESS. .. .ueiteieiiiiiitiieeeet ettt eneesnessnssnnsssnssnnssnnsnnnnsnnnnnnes 2-1
2.3 Relationship to Other Fire PRA TasSKS .....ccooiiiiiiiiiiie e 2-4
2.4 General ASSUMPTIONS .....ccoiuiiiiieiiiiee ettt e e e e e e e ase e e e e e snee e e e e anneeeeeanns 2-7
2.5 TECNNICAI BASES .. uueuieitiitiiiiiiieee s 2-8
2.0 BEIEIBNCES ... e 2-8
S IDENTIFICATION AND DEFINITION .....coiiiiiiiiisnmmmnnesrssssssssssssnss s sssssssssssssss s sssssssssssssssnssssssnses 3-1
1 T I [ 1 £ [T i o) PP PPPPPPPPP 3-1
3.2 Internal Events Operator ACHONS ........oovvviiiiiiiieiieeeeeeeeeeeeeeeeeeeeeee ettt 3-2
3.3 Fire Response Operator Action Categorization............occuuiiieiiiiiiiiniiiiiieeee e 3-4
3.3.1 Fire Response Actions to Mitigate the Expected Consequences of Fire
Damaged Equipment Needed in the FPRA ... s 3-4
3.3.2 Pre-Emptive Fire Response Actions to Prevent Fire Damage to Equipment
(Protect Equipment) Needed inthe FPRA..........ooo i, 3-5
3.3.3 Fire Response Actions Recovering PRA Sequences or Cutsets .........ccccceeviveeeenns 3-6
3.3.4 Main Control Room Abandonment Actions ..., 3-6
3.3.5 Manual Actuation of Fixed Fire Suppression Systems ..........cccoovueeeeiiiiiiieiiiiieeeens 3-7
3.4 Fire Response Operator Action Identification and Definition............cooovvvvevvviiiiiiieiieennnen. 3-7
3.5 HFEs Corresponding to Undesired Operator Responses to Spurious Actuation............ 3-9
3.5.1 Examples of Operator Actions that Result in Undesired Response ...................... 3-11
3.5.2 Process for Identifying and Defining HFEs that Result in Undesired Operator
RESPONSE ...t e e e e e e e e e e e e e eean 3-13
3.6 Initial Assessment of Feasibility ... 3-14
3.7 HRA/PRA MOEIING....ceeiiiiiiiiie ettt ettt sttt e e s e e e s nne e e e s enneeaeeanns 3-15
RS I 1= =1 =T o Lo 3-16
4 QUALITATIVE ANALYSIS.......cociciceemmnrirnnnnssssssssns s ssssssssssssss s s ssssssssssssss s s s ssssssssssnsnnssssnnsss 4-1
4.1 INEFOAUCTION .ttt e 4-1
4.2 HFE NAITAtIVE......eeee e 4-1
4.2.1 Accident Sequence Preceding Function Failures and Success ...........ccccceeeviienennn. 4-2
4.2.2 TIMING INfOrMation .........eeieiiiiie e e e e e e e e e 4-2
4.2.3 Accident Specific Procedural GUIdAnCe .............ccoeviiiiiiiiiiiiiiieiee e 4-3
4.2.4 Availability of Cues and Other Indications for Detection and Evaluation Errors...... 4-3

viil



4.2.5 Preceding Operator Errors or SUCCESSES IN SEQUENCE .......uuiieeiieeeiiiiiiieieeeee e 4-3

4.2.6 Operator Action SUCCESS CHtEria ....cevviviiiiiiiiiiiiiiiiiieeeceeeeeeee e 4-4
4.2.7 Physical ENVIFONMENT .....couuiiiiii it e e e e e e e et e e e e e e e eenenn 4-4
4.2.8 Fire PRA CONEXL......ooiiiiiiiiiiieie ettt 4-4
4.3 Performance Shaping Factors (PSF) ... 4-5
4.3.1 Cues and INICALIONS .........uiiiiiiiiiei e e 4-5
G T2 1 1 11 T PP 4-7
4.3.3 Procedures and TraiNiNg .........eueuuuuueueeueeeeiieeeeineeeeeeeeuueereeenneenneesneeenereneeeea——————— 4-12
4.3.4 COMPIEXITY ....eeeeeeeeeeeeeeee ettt e e e e e e e e e e e e e e e e e e e e e e e e e eann 4-13
4.3.5 Workload, Pressure, and StreSS ........uuuueieiiiiiieieiee ettt e e e e e eva e e e e aaeeens 4-14
4.3.6 Human Maching INTErface ...........uuuuuueiiiuiiiiiiiiiiiiiiiiiiiiieiieiieeeeeeeeeeereeeneeeeneenneennenanes 4-15
T =1 1Y/ (e o =Y o 4-16
4.3.8 Special EQUIPMENT......cooiiiiiie et 4-16
4.3.9 Special FItNESS NEEUS ........ciiiiiiiie e 4-17
4.3.10 Crew Communications, Staffing, and DynamicCs ...........ccccorcieeeiiiiiineiniiiiee e 4-17
4.4 Review oOf Relevant EXPEri@NCES. .........uuiiiiiiiiiiiiiiiieeeee e 4-19
4.5 Review Of Plant Operations.........c..ueii it 4-20
I == =Y Tt 4-20
L e LU Y ] (037N I 5-1
5.1 Screening HRA QuUantifiCation............ccuriiiiiiiii e 5-2
5.1.1 Method for Assigning Screening Values to HFEs (Sets 1, 2, 3, and 4) ................... 5-3
5.1.1.1 Screening Values Under Set 1. 5-3
5.1.1.2 Screening Values Under Set 2.........coocuiiiiiiiiiiiiiieee e 5-5
5.1.1.3 Screening Values Under Set 3.........cooiiiiiiiiiiiiec e 5-6
5.1.1.4 Screening Values Under Set 4. 5-6
5.1.2 Examples and Basis for Quantitative Screening Values ............cccccceeiiiiiiciniiineenns 5-7
5.1.3 Single Overall Failure Probability Approach for MCR Abandonment or
Alternative SNUTAOWN.........oiii e 5-8
5.2 Scoping Fire HRA Quantification............cooiiiiiiiiiiic e 5-9
5.2.1 Determine Minimum Criteria..........cccuuiiiiiiiiiieiie e 5-10
5.2.2 Demonstrate the Feasibility of the Operator Actions ..., 5-11
5.2.3 Calculation of Time Margin...........uuueieiiiiiii e 5-15
5.2.4 Assess Key Conditions and PSFs ..., 5-17
5.2.5 Basis for Scoping Fire HRA Quantification HEPS............cccooviiiiiii e 5-21

ix



5.2.6 Guidance for Using the Search Scheme (Figure 5-2) ........cccccoiiiiiiiiiiieienneiinnnns 5-22

5.2.6.1 MCR Abandonment/Alternative Shutdown (D2 and D3)..........ccccceevvvveveeeneen. 5-24
5.2.6.2 Actions Caused by Spurious Instruments (D4) ..., 5-26
5.2.6.3 In MCR and Ex-Control ROOm ACLIONS .........cueeviiiiiiiiiiiiiecc e 5-27
5.2.7 Guidance for Using the INCR Flowchart for in MCR Actions (Figure 5-3)............. 5-31
5.2.8 Guidance for Using the EXCR Flowchart for ex-CR Actions (Figure 5-4) ............. 5-33
5.2.9 Guidance for Using the CRAB Flowchart for Main Control Room
Abandonment and/or Shutdown Using Alternate Means Actions (Figure 5-5) ............... 5-35
5.2.10 Guidance for Using the SPI Flowchart for EOC or EOO Due to Spurious
Instrumentation (FIQUIE 5-6) ........uuiiiiiiiiiiiiie e 5-37
5.3 Detailed HRA QUaNtifiCation...........ccueiiiiiiiiiie et 5-41
5.4 Special Cases where Little or No Credit should be Allowed ............cccccvvveeeeeeiiiiccnnnne. 5-42
LRSI L= =T 1= Lo 5-43
Lo 21 020 L 6-1
6.1 INTFOAUCTION ...t e e e e e e e e e e e e e e e nneeeee s 6-1
6.2 ldentify and DefiNe .......cooo i 6-2
6.2.1 Recovery Action ReqUIrEMENTS .......cccoiiiiiiiiiiiiiiee e 6-2
6.2.2 Limits on use of ReCoVery ACIONS .........ccuuiiiiiiiiiei e 6-3
6.2.3 Recovery Action Feasibility FACIOrs ..........ccuuviiiiiiiiiiieee e 6-4
6.3 QUANTFICALION .....eeiiiieie e 6-5
8.4 RETEIENCES ...t 6-6
7 DEPENDENCY ANALYSIS....cooiiiiiiiiiiesssinnssrnsssssssssssssss s sssss s ssssssss ssssssssssnssssssssssssnssssnss 7-1
7.1 Qualitative DependencCy ANAIYSIS..........uuiiiiiiiiiiiiiie e 7-1
7.2 Screening and SCOPING HEPS ........ooo i 7-4
4 T8 2 U= (=T =T Lo P 7-5
S8 UNCERTAINTY ANALYSIS ....coccceerriirnssmniismsssnsssss s snssssss s ssss s sssssss s sssssssssnssssssssssssnss s snssanes 8-1
< I = 7= Vot (o | £ 18 ] o [PPSR 8-1
8.1.1 Uncertainty Versus RandOmMNESS .........ccooiiiiiiiiiieiiieeiee e 8-1
8.1.2 Aleatory Versus EPISTEMIC...........uuiiiiiiiiiiieeiee e 8-1
8.1.3 Parametric, Modeling and Completeness.........ccuvviiiiiiiiiiiiiiiie e 8-2
8.1.3.1 Parameter UNCerainty ...........oueeiiiiiiiiiiiiieeee e 8-2
8.1.3.2 Modeling UNCertainty ............uuiiiiiiiiiie e 8-4
8.1.3.3 Completeness UNCEMAINTY ........cccuiiiiiiiiiiie e 8-5



8.1.4 Sensitivity Analysis Versus Uncertainty Analysis ........coovvvvvieiiiiiiiiiiieeiieeeieeeeeeeeeeee, 8-5

8.2 Fire HRA Applications of Uncertainty ..........cooovviiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 8-6
S 2 I o 1= o1 o [PPSO PPRPPPP 8-6
S22 Too] o] 1 T PP UPPPR P 8-6
8.2.3 Detailed HRA ... ... a e 8-7
8.2.3.1 EPRIMOGEL........eeeiieiee ettt 8-8
B.2.3.2 ATHEAN A . e e e e e e e st e e e e e e e e nnnnees 8-9
8.3 Additional Guidance for Uncertainty........cccccccevevviiiiiieiieieeeeeeeee e, 8-10
S T (=Y =T o Lo 8-10
9 DOCUMENTATION ....cooiiiiiiiiiiesmmnn s rrssssssssssss s s s ssssms s s s s s s ssmm s e s s s b e na s s smmmnnn s s nnnnnsssnnnnnns 9-1
S B R 1= (=Y =T o o= PSPPSR 9-1
A FIRE PRA STANDARD AND THE FIRE HRA GUIDANCE ........cc.cccoiiiiimmmmnrrrrnnsssssnssnnnnns A-1
AT ODJECHIVE ...t A-1
A.2 Fire PRA Standard Requirements Relevant to Fire HRA ...........oovviiiiiiiiiiiiiiieeiiiiiiiiniens A-1
A.2.1 Identification of Actions and Definition of HFES ...........ccccoiiiii e A-1
A.2.2 Estimating Screening/Scoping/Detailed HEPS. ..., A-2

A.3 Review of the EPRI/NRC-RES Fire HRA Guidance against the Relevant
Requirements of the Fire PRA Standard..............coooiiii e A-3
A4 REFEIEBNCES. ... e A-3
B FIRE EVENT REVIEW .......cooiiiiemmmnniisnnssssssnnssssssssssssssss s s s sssssssssssssss s sssssssssssnmnssssssnnsnssnns B-1
[ O o =Y 111 TSP B-1
B.2 Fire Events ReVIEW ..o B-1
B.3 Summary of Fire Events Review Findings and Implications.............cccoocieiiiniinceinnnen. B-1

C DETAILED QUANTIFICATION OF POST-FIRE HUMAN FAILURE EVENTS USING

EPRI FIRE HRA METHODS.......coiiiiiimtiimsmisssssssssssssssasss s sssssassss sassss sassss sassss sassns snssnssasanees C-1
(2 B O o] =T (1Y T PSPPSR C-1
C.2 EPRI Performance Shaping FACtOrs..........cuuiiiiiiiiiiiiiee e C-1
C.3 Post Initiator EPRI HFE Analysis Framework.............oocoiiiiiiiiiieeieeee e C-10
C.4 Timing and Crew ReSpOoNSE STTUCIUIE...........eiiiiiiiiiee e C-11
C.5 Instrumentation Impact on Fire HFES ..o C-13
C.6 QUANTICALION ......eiiii ettt e eaeeas C-14

C.6.1 Method SEIECHON .....ccoieiiiiei e C-14

xi



C.6.2 EPRI HFE Approach and Documentation............ccceevviveiiiiiieeiiiieieeeeeeeeeeeeeeeeeeeee C-14

O 2 I o | Y o] o] o = o] o C-14
8.2, 2 CUBS ...ttt ettt ettt e et e e e e e e e e e e e e e e e e e e anrr e e e e e e e e e e e C-16
C.6.2.3 PrOCEAUIES ...ttt ettt e e e e et e e e e e e e e baeeeeeeeeeeannes C-17
C.6.2.4 Scenario DesCription .......ccceeieiiieeceee e C-19
C.6.2.5 Operator INtEIVIEWS .......cccieeiieeeeeeeeeee et C-20
C.6.2.6 Manpower ReqUIrEMENTS .........cceviieiiieiieeieeee ettt C-20
CB.2.7 TIMIE ettt e et e et e e e e e e st e e e e e e e e e nnnr e e e e e e e e e e aaan C-21
C.6.3 Cognitive Modeling Using CBDTM .......ocuiiiiiiiiiee e C-22
C.6.3.1 Failure Mechanism a, Data Not Available ............cccceeeiiiiiiiieiicieeieeeeeeee, C-23
C.6.3.2 Failure Mechanism b, Data Not Attended to .........ccoeeviviiiiiiiiiiiieieeeeeeeei, C-27
C.6.3.3 Failure Mechanism c, Data Misread or Miscommunicated................cc......... C-30
C.6.3.4 Failure Mechanism d, Information Misleading.........ccccocccueveriiiieniiiiiiineeee C-32
C.6.3.5 Failure Mechanism e, Relevant Step in Procedure Missed..............ccccc....... C-34
C.6.3.6 Failure Mechanism f, Misinterpret Instruction.............cccocciiiiiiiiiiin e, C-36
C.6.3.7 Failure Mechanism g, Error in Interpreting LOGIC .....ccovvuvveeeiiiiieneiiiieeeeee C-38
C.6.3.8 Failure Mechanism h, Deliberate Violation............ccccooeviiiiiieiiiiieeiiieeieeeeennn, C-40
C.6.3.9 CBDTM Cognitive RECOVEIY .......eeiiiiiiiiieeeieiee ettt C-41
C.6.4 Cognitive Modeling Using HCR/ORE...........coooiiiiiiiiii e C-42
C.6.4.1 Estimation of o for Fire HRA .....oooriiiee e C-44

(O GRR = (Te1 0] (To] a1 1Y [oTo [=1 1o To PP PRPPT PP C-45
C.6.5.1 PSF EXECULION ....uviiiiiiiii ittt e e e e e e C-45
C.6.5.2 EXECULION STIESS ...eiiiiiiiiiiiiiiiiie ittt e e e e e e e e e e C-46
C.6.5.3 Execution Unrecovered and Recovered............ooocuuviiiieiiii i C-47

C.6.6 Summary Modeling Existing EOP Actions within the EPRI HRA Methodology ... C-50
C.6.7 Summary Modeling Fire Response Actions within the EPRI HRA

Y/ T=1 1 g ToTe (o] (o T V2 PP UPPPR PP C-52

C.6.8 Summary Modeling MCR Abandonment Actions within the EPRI HRA

Y/ T=1 1 g ToTe (o] (o T V2 PP UPPPR PP C-55

C.6.9 Summary Modeling Undesired Operators Response Actions within the EPRI

[ | YN =1 1 gToTe (o] [ o |V AP PEP PRSP C-55
C.7 Discussion on how Fire Effects are Modeled Using the EPRI Approach..................... C-55

C.7.1 Cues and INAICALIONS ......coeeeiiiiiiiiiieiee e a e e e e e e e e e C-56

(O3~ I 4211 o RO C-57

C.7.3 Procedures and TraiNiNg..........cueiiueeeeiiiieee e eiieee et ee et ee e e e e e snaeeeas C-63

xii



O A @] 141 o] 1= (1 4V C-66

C.7.5 WOrkIOad and STrESS......ccuiiiiiiiiiiiiiiiie ettt e e e e C-68
C.7.6 Human Maching INterface............uuueiiiiiiiiiiieeeee e C-69
C.7.7 ENVIFONMENT ...ttt e e e e e e e e e s nb e e e e e e e e e aaanes C-70
C.7.8 Special EQUIPMENT .......ccoiiiiiieiieeee ettt C-71
C.7.9 Special FitN€sSS NEEAS ......ccooiiiiiiieeeeee e C-71
C.7.10 Crew Communications, Staffing and DynamicCs...........cccccceeviiiiiiiiiiiiieeee e C-72
C.8 Example of Fire HFE quantified using the EPRI HRA Methodology.......ccccccccoviuuinneee. C-75
(O B Ty (=Y (=T g o= SRR C-84

D DETAILED QUANTIFICATION OF POST-FIRE HUMAN FAILURE EVENTS USING

N 1 Y D-1
D.1 ObJECHVE ... D-1
D.2 Summary of Method ..o D-1
D.3 Application of MEthod ..o D-3
D.4 REFEIENCES ...ttt e e e st e e e e e e e e b e e e e e e e e e D-5

E DEFINITION OF TERMS.........ccoooimmrniininissnmmnnnsssssssssssssss s s s snss s sssssss s s s ssssssssssmnnnsssssnsnssnnns E-1

F SUMMARY OF TESTING AND PEER REVIEW.......cooomiiriiinnisssnnnsssnnssssssssssss s ssssssssssssnns F-1
F.o1 ODJECHVE .o, F-1
F.2 Peer REVIEW EXEICISE .....ccci e F-1
F.3 Testing ObjJeCtives @nd SCOPE ....couviiiiiiiiiiiiiiee ettt e e e e F-2

F 3.1 TSt Plan .. F-3
F.3.2 Testing Scenarios Plant #1 ..o F-5
F.3.2.1 Existing Internal Events HEPs Important to FPRA Fire Scenario.................... F-5
F.3.2.2 New FPRA HEP Not in the Internal Events PRA...........iiieee F-7
F.3.2.3 Spurious INdUCEd SCENANIO.......cccoiiuiiiieiiiiiee e F-7
F.3.2.4 Spurious/False Indication Causes Inappropriate Operator Action Fire
Yo=Y o= U g [ F-8
F.3.2.5 Control Room Abandonment Fire Scenario.........cccccceeeeeeiiiiiiieeee e F-8
F.3.3 Testing Scenarios PIant #2 ...........ooo i F-8
F.3.4 Operator INTEIVIEWS ...........eeiiiiiiii et e e e eeaeees F-12
F.3.5 Testing Results/LessoNns Learned .........ccooouieiiiiiieiii i F-13

xiil



G HRA ASSOCIATED WITH FIRE-RELATED ELECTRIC BUS CLEARING AND

RESTORATION PROCEDURES .........cccuiutmimsmiss s ssssss s s sassss snsssssasass sessnssasansnas G-1
LG T B o] =i 1Y S G-1
G.2 Identifying and DefiniNg HFES .........uuiiiii e G-3
G.3 Quantitative SCre@NiNg .........cooiuiiiiiiiiiie e G-5

G.3.1 St 3 Creria. . eii et G-5
G.4 Qualitative ASSESSMENT........ciiiiiiiii it G-6
G.5 QUANTIFICALION. .....eiiiiei e G-7
G.6 REEIEBNCES ... G-8

H JUSTIFICATION FOR SCOPING APPROACH.........coc et rnseess s ssssss s ssns s snsas H-1
H.1 Demonstration of FeasibDility ... H-1
H.2 TIiM@ IMAIGIN ...t e e e e e e e e e e e e e e e e e e e e e e e e nnnnneeeeeeas H-2
H.3 Performance Shaping FaCIOrS .........c.uuiii i H-3
H.A HEP VAIUBS ...ttt e e e e e e eaeeeeas H-5

H.4.1 Optimal HEP ValUE ........coo e H-5

H.4.2 HEP MURIPLIErs for PSFS .......ooiiiiiie e H-7

H.4.3 HEP Multipliers Across FIOWChArS ............cooviiiiiiiiiiiiiieeeee e H-8
H.5 REEIENCES ... e e e e e e e eeeeeeas H-10

Xiv



LIST OF FIGURES

Figure 2-1 Fire HRA PrOCESS ... ..t e e e e e e e 2-3
Figure 2-2 Mapping of fire HRA task 12 to NUREG/CR-6850 [1] PRA tasks.........cccccceeeiiiinnnns 2-6
Figure 5-1 Timeline lllustrating total time available, time required, and the resulting time

L 0F= U0 |1 o TSP P OP PP PPPPRRR 5-16
Figure 5-2 Scoping HRA analysis search SCheme............c..ooiiiiiiiiiiiiiiiee e 5-23
Figure 5-3 INCR - scoping HRA analysis for in MCR actions ............cccccevvieiiiiiiiiiieceee e 5-28
Figure 5-4 EXCR - scoping HRA analysis for EX-CR actions...........cccccciiiiiiiiiiiieeiiieeeee 5-29
Figure 5-5 CRAB - scoping HRA analysis for MCR abandonment or alternative shutdown

=T} 1[0 ] PP PPPPT 5-30
Figure 5-6 SPI - scoping HRA analysis for EOC or EOO due to spurious instrumentation .....5-39
Figure C-1 Post-initiator general HFE analysis framework ... C-10
Figure C-2 Cue-response structure timelines for type CP operator actions ..........ccccccceeennnee C-12
Figure C-3 EPRI HRA methodology basic event setup for fire HFE analysis ......................... C-15
Figure C-4 EPRI HRA methodology screen shot showing multiple variations of a base

CaSE HFE e C-16
Figure C-5 EPRI HRA methodology identification of CUES...........ooviiiiiiiiiiiiii e C-17
Figure C-6 EPRI HRA methodology documentation of procedures...........ccccovuiviieeeeeiennnnns C-18
Figure C-7 EPRI HRA methodology documentation of fire procedure review ........................ C-18
Figure C-8 EPRI HRA methodology scenario description WindOW.............cooovviiiiiiiieeeeeeinnnes C-19
Figure C-9 EPRI HRA methodology operator interview insights window.............cccccoviiieeeene C-20
Figure C-10 EPRI HRA methodology manpower requirements Window..............cccceevviieeeenne C-21
Figure C-11 EPRI HRA methodology timing WiNdOW ... C-21
Figure C-12 Time window — time available for recovery is less than zero.............ccccoeceeene C-22
Figure C-13 Decision tree for p a, data not available...............ccccccoiiiiiiiiiiiii C-23
Figure C-14 EPRI HRA methodology p,a branch selection to account for instrumentation

partially impacted by fire and general training credited..........ccooeeiieeiieiciiccieeeeee e, C-26
Figure C-15 Decision tree for p b, data not attended to..........c..ccooeiiiiiiiiii Cc-27
Figure C-16 EPRI HRA methodology p_b branch selection to account for high workload

due to use of fire procedures in parallel to EOPs...........ccoooiiiiii C-29
Figure C-17 Decision tree for p_c, data misread or miscommunicated ...............cccceercviennnenn. C-30
Figure C-18 EPRI HRA methodology p_c, branch selection to account for difficulties in

COMIMUINICATION ...ttt ee e et e e e e e e e e e e e e e e e e e e e e e e e e e e nnnnnneeeeeeeeaaannns C-32
Figure C-19 Decision tree p_d, information misleading ...........ccccociiiiiiiiiiiiic e, C-32

XV



Figure C-20 EPRI HRA methodology p_d branch selection to account for instrumentation

partially impacted DY fir€ ..o C-34
Figure C-21 Decision tree for p_e, relevant step in procedure missed.............ccccocevriiiirnnnnnn. C-34
Figure C-22 EPRI HRA methodology p_e- branch selection to account for fire procedures

that are used in parallel 10 EOPS ... e C-36
Figure C-23 Decision tree for p_f, misinterpret instruction.............ccccoooviiiiiiiiiic e, C-36
Figure C-24 Decision tree for p_g, error in interpreting logic .........ccccooveiiiiiiiiiiiniiii e, C-38
Figure C-25 Decision tree for p h, deliberate violation................cccoeciiiiiiiiiiiiin C-40
Figure C-26 COgNItiVE FTECOVEIY ......uuiiiiiieiiiiiiiet e e e ettt a e e st e e e e e e e s s saabr e e e e e e e e e e naanes C-42
Figure C-27 HCR/ORE sigma modeling in HRA methodology ..........ccccceiiiiiiiiiiieeeeiiieeeee C-43
Figure C-28 Timing information in the EPRI HRA methodology ..........ccccoviiiiiiiiiiiiiiiiiieeee C-44
Figure C-29 EPRI HRA methodology execution PSFS ... C-46
Figure C-30 EPRI HRA methodology eXecution Stress ..........ccceeieiiiieieiiiiiee e C-47
Figure C-31 EPRI HRA methodology execution UNreCoVered ............ccoeiiiereeriiiiieeniiineeenanne C-49
Figure C-32 EPRI HRA methodology execution recovered............cccuvvevieeiiiiniiiiiiieeeee s C-49
Figure C-33 EPRI HRA methodology execution SUMMANY ..........ccooiuieieiiiiieee e C-50
Figure C-34 Modeling of SG level indicators for internal events action in which there is

NOo impact oN INStIUMENTALION ........ooiiiii e C-56
Figure C-35 Modeling to reflect partial impact on instrumentation due to fire effects.............. C-57
Figure C-36 Modeling for timing SCeNario 1 ..o C-61
Figure C-37 Modeling of HCR/ORE for SCenario 1 ........ccuuviiiiiiiiiiiiiieeeeee e C-61
Figure C-38 Timing for Scenario 2- not enough time to complete the action.......................... C-62
Figure C-39 Stress deCiSION trE .......coouuiiiiiiiiie e C-68
Figure C-40 Crediting proceduralized recovery Within P__...........ccccoiiiiiiii i, C-74
Figure D-1 Steps in the ATHEANA mMethodology .......oooiiiiiiiiiiiiieie e D-2

XVi



LIST OF TABLES

Table 3-1 Examples of operator actions in EOPs that could result in undesired

LSTS] 0T 0] TS = PR 3-12
Table 3-2 Examples of operator actions based on spurious annunciators that could result

IN UNAESITEA MESPONSES ...ceeiiiiiiiiiiiieieeee e e e e ettt e e e e e e e s r e e e e e e e e s s asnb e e e e e e e e e e e aannnneneeeaeeeaas 3-12
Table 5-1 Example HEP adjustments and values using fire zone screening criteria................. 5-8
Table 5-2 In MCR actions HEP [00KUP tables...........ccuuiiiiiiieeiieeeee e 5-32
Table 5-3 Ex-CR actions HEP 100KUP tables ..........oooiiiiiiiiiieiieee e 5-34
Table 5-4 MCR abandonment or alternative shutdown actions HEP lookup tables................. 5-36
Table 5-5 EOC or EOO due to spurious instrumentation HEP lookup tables .............ccccoce.... 5-41
Table 7-1 THERP Dependency EQUALIONS .........ccooiiiiiiiiiiiiec e 7-4
Table 8-1 Summary of measurements used to evaluate HEP uncertainty in NUREG/CR-

L2474 = T 15 1 PR 8-3
Table 8-2 Uncertainty assignment for Screening ValUes ...........occuvuviiiiiieei i 8-6
Table 8-3 Uncertainty categories for scoping analysis ...........cccccuiiiiiiiiiiiiiiiiiiiee e 8-7
Table 8-4 EPRI uncertainty categories for EPRI detailed analysis...........cccccoiiieiiiiiiiiicineenn. 8-9
Table A-1 Internal events PRA standard requirements HR-G3, HR-G4, and HR-G5 .............. A-2
Table A-2 ANS 58.23-2007 standard requirements vs. HRA steps identified in this

AOCUMENT <. A-4
Table B-1 Summary of the fire event 1 reVIeW ... B-3
Table B-2 Summary of the fire eVent 2 reVIEW .........uuuuiiiiiiii e B-7
Table B-3 Summary of the fire event 3 (1975) reVIEW’ ..........cccvevivevieeeieticieeeece e, B-20
Table C-1 ASME PRA standard performance shaping factors ..........ccccceeviiiiiiiiieennee e C-2
Table C-2 EPRI HRA methodology performance shaping factors .........ccccoviiiiiieiiii e, C-3
Table C-3 CBDTM[5] performance shaping factors............coooueeiiiiiiiee e C-4
Table C-4 Performance shaping factors mapping ....cc.ceeeeeeeei oo C-5
Table C-5 CBDTM failure MeChaniSIMS ............uuuuuuuiiiiiiiiiiiiiiiiieeeneneeeeenneeanenneeennennneennes C-23
Table C-6 Guidance on decision nodes for p a, data not available...................ccccoernnennnn. C-24
Table C-7 Guidance on decision nodes for p_b, data not attended to..............ccceceriirrnnnne C-28
Table C-8 Guidance on decision nodes for p_c, data misread or miscommunicated.............. C-31
Table C-9 Guidance on decision nodes for p_d information misleading.............ccccccecuernene C-33
Table C-10 Guidance on decision nodes for p e, relevant step in procedure missed............. C-35
Table C-11 Guidance on decision nodes for p f, misinterpret instruction....................c......... C-37

Xvii



Table C-12 Guidance on decision nodes for p_g, error in interpreting logic...............cccceeieenns C-39

Table C-13 Guidance on decision nodes for p_h, deliberate violation...............cccccceeriirinennn. C-41
Table C-14 Estimates of average sigma with upper and lower bounds..............ccccoeiienennne C-45
Table C-15 Summary between internal events HFE and fire HFE for existing EOP

BICTIONS ..ttt et e e e e e e e e e e s s e r e e e e e e e e C-51
Table C-16 Summary of fire reSPONSE ACtIONS........ccciiiiiiiiiiiiiie e C-53
Table C-17 Example of ambiguously worded procedure (fire zone 100) intake structure ...... C-65
Table C-18 Stress PSF ValUES ......ccooiiiiiiiie e C-68
Table C-19 SCeNArio-1 SUMMEIY .....cccuuiiiiiiiieiee ettt e e e e e e e e e snne e e e e nnnes C-75
Table C-20 Scenario-1 cognitive UNMECOVEIEd...........ooouuiiiiiiiiiieeeeieee e C-80
Table C-21 Scenario-1 COgNItIVE FECOVEIY .....ccoiiiiiiiiiiiiiee et C-81
Table C-22 SiIgMa table .......ooo e C-82
Table C-23 Scenario-1 eXecution UNFECOVEIEA ..........cc.uiiiiiiiiiieeiiiiiee e C-83
Table C-24 Scenario-1 €XECULION FECOVEIY .......cccuuiiiiiiiiiieeeeieee e st ee e st e e e s nne e e e e C-83
Table H-1 Multipliers used for increasing HEP values to reflect negative changes in

conditions Or POOrer CONAITIONS ........couueiiiiiiei et e e e e e e e e e e e snnes H-8
Table H-2 Calculation of HEP values across scoping flowcharts ............cccccoviiiiiiiniiiieeeeninee. H-9

Xviii



REPORT SUMMARY

In 2001, EPRI and Nuclear Regulatory Research (RES) collaborated to improve the state of the
art in fire risk assessment to support the new risk-informed environment in fire protection. This
project produced a consensus document—NUREG/CR-6850 (EPRI report 1011989), Fire PRA
Methodology for Nuclear Power Facilities—which addresses fire risk during operations at power
plants. NUREG/CR-6850 developed high-level guidance on identifying and including human
failure events (HFEs) into the fire PRA (FPRA) and a methodology for assigning quantitative
screening values to these HFEs. It also outlines the initial considerations of performance shaping
factors (PSFs) and related fire effects that may need to be addressed in developing best-estimate
human error probabilities (HEPs). However, NUREG/CR-6850 does not provide a methodology
for developing best-estimate HEPs given the PSFs and the fire-related effects.

In 2007, EPRI and RES embarked on another cooperative project to develop explicit guidance
for estimating human error probabilities for HFEs under fire-generated conditions, building on
existing human reliability analysis (HRA) methods. This report provides the methodology and
guidance for conducting a post-fire HRA.

Background

This report is intended primarily for practitioners conducting a post-fire HRA to support an
FPRA. Because fire HRA builds on the internal event HRA models, the fire HRA analyst needs
knowledge of HRA and the PRA used in the internal events model. This includes knowledge of
HRA terminology, a general understanding of methodologies used for internal events HRA, a
familiarity with general plant operations including procedure usage, and an understanding of the
internal events scenarios and FPRA scenarios being modeled. A fire HRA typically requires a
team effort because few individuals have the full range of expertise and knowledge necessary to
complete the fire HRA analysis.

The guidance in this report represents the state of the art in fire HRA practice. Certain aspects of
HRA, especially in the area of quantification, continue to evolve and likely will see additional
developments. Such developments should be easily captured within the overall analysis
framework described.

Objectives
e To develop the methodology and supporting guidelines for estimating HEPs for HFEs
following fire-induced initiating events of an FPRA

Approach

The EPRI/NRC team decided on the primary tasks for development of the fire HRA
methodology: fire data review, fire HRA methodology and guideline development, and fire HRA
review and testing. In developing the methodology, existing guidance was used or adapted where

Xix



possible. Feedback on the use of NUREG/CR-6850 HRA screening values was incorporated to
update the screening HEPs. In addition, the team developed a new scoping fire HRA approach
intended to produce less conservative HEPs than the NUREG/CR-6850 screening but requiring
fewer resources than a detailed analysis. A draft document was created and peer reviewed by a
team of industry and NRC members. The scoping approach was tested at two commercial
nuclear power plants, and the draft guidelines were modified, revised, and developed into the
current document.

Results

This report reflects a state-of-the-art fire HRA approach. It provides fire HRA practitioners with
specific guidance for each step of the HRA process, and relates the HRA process to the fire PRA
development, which is typically performed in parallel. This report built on what is documented in
NUREG/CR-6850 regarding HRA and addresses the development of HRAs that satisfy the
ASME PRA Standard and requirements of the fire PRA standard. This fire HRA methodology is
intended to provide an in-depth, realistic way to account for the key fire-induced influencing
factors that determine human actions needed to prevent core damage or large early releases.

EPRI Perspective

This report describes advancements in the understanding of HRA methods as applied to fire
PRA. This is an interim report developed based on a consensus process involving both EPRI and
NRC Research and is being issued in support of public comment on a draft NUREG. The HRA
methods described herein address specific HRA methodological issues such as identification and
definition, qualitative analysis, quantification, recovery, dependency, and uncertainty related to
the probabilistic analysis of fire-initiated events.

This guideline offers improved guidance for fire HRA in support of FPRAs and their risk-
informed regulatory applications. It is anticipated both that further improvements will be
identified through the public comment process and that additional applications of this method
and guideline will provide input into the final FPRA human reliability analysis methods.

Keywords

Human reliability analysis (HRA)
Probabilistic risk assessment (PRA)
Fire
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1

INTRODUCTION

1.1 Background

Over the past two decades the nuclear power fire protection community in the United States and
overseas has been transitioning towards risk-informed and performance-based (RI/PB) practice
in design, operation and regulation.

Under a joint Memorandum of Understanding (MOU), the Electric Power Research Institute
(EPRI) and the USNRC Office of Research (RES) embarked on a cooperative program to
improve the state-of-the-art in fire risk studies. This program produced a joint document, EPRI
1011989/NUREG/CR-6850, entitled “Fire PRA Methodology for Nuclear Power Facilities”
[1] which addresses fire risk for at-power operations. For the human reliability analysis task,
NUREG/CR-6580 developed the following.

1. Process for identification and inclusion of the human failure events (HFEs)
2. Methodology for assigning quantitative screening values to these HFEs, and

3. Initial considerations of performance shaping factors (PSFs) and related fire effects
that may need to be addressed in developing best-estimate human error probabilities (HEPs).
However, NUREG/CR-6850 did not identify or produce a methodology to develop these
best-estimate HEPs given the PSFs and the fire-related effects.

The USNRC Office of Research and EPRI fire research cooperative program also produced
NUREG-1824 & EPRI 1011999, “Verification and Validation of Selected Fire Models for
Nuclear Power Plant Applications,” in May 2007 [2].

1.2 Programmatic Overview

This report is the third product of the collaboration between EPRI and the USNRC Office of
Research and comes under the auspices of the “Memorandum of Understanding (MOU) on
Cooperative Nuclear Safety Research between NRC and EPRI, Addendum on Fire Risk
(Rev. 2).” As such, this project follows a process similar to that initiated as part of the MOU
and followed in the previous two projects.

It is anticipated that this guidance will be used by the industry as part of transition to NFPA 805
and possibly in response to other regulatory issues such as multiple spurious operation (MSO)
and operator manual actions (OMAs). This is the first report addressing post-fire human
reliability analysis for fire PRAs that goes beyond the screening level. As the methodology is
applied at a wide variety of plants, the document may benefit from future improvements to more
fully support industry-wide issues being addressed by fire PRAs.
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Introduction

1.2.1 Objectives

The objective of this report is to develop the methodology and supporting guidelines for
estimating human error probabilities (HEPs) for human failure events following fire-induced
initiating events of a probabilistic risk assessment (PRA). This report builds upon existing human
reliability analysis (HRA) information such as HRA process and HRA methods, and the
screening method included in NUREG/CR-6850. The guidance provided in this report is
intended to be both an improvement of, and an expansion on, the limited guidance given in
NUREG/CR-6850 [1].

1.2.2 Project Tasks

The post-fire HRA methodology and supporting guidelines were developed using a structured,
systematic approach. The approach consisted of the following three primary tasks, each of which
has one or more supporting tasks as described in the text below.

1. Fire Data Review
2. Fire HRA Methodology and Guideline Development
3. Fire HRA Review and Testing

1.2.2.1 Fire Data Review

The first task consisted of a review of fire PRA requirements and historical fire data to better
understand what is currently required in a quality fire PRA, and what is known about the effects
of fire on human reliability and human performance from historical experience.

The first sub-task was to conduct a review of the requirements of a quality fire PRA as
prescribed in the fire PRA standard [3]. The insights associated with this review are documented
in Appendix A. A fire PRA developed following the guidelines in NUREG/CR-6850 and the
requirements of the fire PRA standard must address undesired response to spurious signals such
as instrumentation or component actuation, and this requirement is addressed in this report.

Additionally, recent historical data from actual fire events was reviewed, as summarized in
Appendix B, in order to determine if additional failure modes or performance shaping factors
would need to be considered for fire scenarios beyond those already identified in NUREG/CR-
6850. This task built upon previous, unpublished work conducted by Sandia Laboratories and the
NRC. The results of this review are documented in Appendix B. Additionally, in this phase,
EPRI conducted operator interviews and collected fire response procedures from PWR and BWR
reactors to more fully understand the fire protection philosophy and the intended use of fire
procedures in conjunction with normal emergency operating procedures during post-fire plant
response.
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1.2.2.2 Fire HRA Development

The fire HRA development task used the insights from the fire data review as well as insights
into human reliability analysis methods, based on NRC and industry experience. Insights from
the development of NRC documents evaluating the current state-of-the-art in human reliability
such as the “Good Practices for Implementing Human Reliability Analysis” [4] and “Evaluation
of Human Reliability Analysis Methods Against Good Practices” [5] were complemented with
insights gained by EPRI in the development of HRA methods [6] and applying these methods
using PRA standards [3, 7]. The insights from these reviews identified the following sub-tasks
to be addressed in developing a post-fire human reliability analysis.

1. Define the process steps (listed below) that represent the framework for developing a
post-fire human reliability analysis.
a. Identification and Definition
b. Qualitative analysis (context and performance shaping factors)
¢. Quantification:
i. Screening quantification (update of NUREG/CR-6850 screening)
ii. Scoping quantification (new approach developed for fire HRA)
iii. Detailed quantification (applying the EPRI HRA approach and/or
ATHEANA)
Recovery analysis
Dependency analysis
Uncertainty analysis
g. Documentation

-0 A

2. Develop methods to conduct the steps in the fire HRA process.
3. Develop guidelines associated with the fire HRA methodology.

1.2.2.3 Fire HRA Testing Tasks

The testing phase included an independent peer review, application testing, internal review by
NRC and EPRI (in addition to the project team), a public comment period, and review by the
Advisory Committee for Reactor Safeguards (ACRS) prior to its publication. The independent
peer review and application testing sub-tasks are summarized below.

Independent Technical Review. An independent technical review of the project deliverables was
conducted before the document was released to the public for review and comment. This review
was conducted by an independent review team (IRT) comprised of experts in the subject areas of
HRA, PRA and/or fire. The specific mission of the IRT was to:

e Check the validity of the method and technical bases

e Check the detail and clarity of the guidance to ensure consistent and accurate application of
the guidance.

The independent review team was comprised of the following individuals:
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Dr. Gareth Parry, U.S. NRC

Dr. Erasmia Lois, U.S. NRC

Dr. J.S. Hyslop, U.S. NRC

Dr. Zouhair Elawar, Arizona Public Service

Ken Kiper, Florida Power and Light Company

Dr. Young Jo, Southern Nuclear Operating Company
Stuart Lewis, Polestar Applied Technology, Inc.

Testing. Portions of the fire HRA guidance developed in this document were tested through
application as part of on-going fire PRAs by the development team and by an owner’s group
team that is independent of the developers. The objectives of the testing were to ensure that: a)
the method is robust and applies to all types of plants and the range of post-fire operator actions
expected to be needed in a fire PRA, b) there is sufficient and clear guidance for the users to
render consistent application, and c¢) the guidance produces reasonable best-estimate values for
human error probabilities.

While the specific scope of the testing depends on the volunteer plants and the status of their fire
PRA, the testing was intended to exercise the following portions of the fire HRA methodology
guidelines:

1. Identification and definition of HFEs primarily through review of this guidance against work
done as part of the fire PRA.

2. Quantitative Screening and Scoping HRA Quantification for a selected set of HFEs. The set
was selected to address technical issues and capture performance shaping factors (PSFs) to
the extent possible.

The results of the testing and the peer review have been documented in Appendix F of this
document, including the insights gained.

1.3 Scope

This document describes the process and technical bases for the performance of the human
reliability analysis as part of a fire PRA. This document provides a complete reference for fire
HRA as part of a PRA modeling the plant response to fire initiating events, and specifically
addresses quantification (for which there was limited guidance in NUREG/CR-6850). It is
intended to be a stand alone reference which supplements and extends the guidance in
NUREG/CR-6850 [1] Task 12 by providing additional guidance for the development of scoping
and detailed human error probabilities for a fire HRA.

The purpose of fire HRA is to identify, characterize, and quantify events representing human
failures used in the development and quantification of a fire PRA model. Fire HRA includes
modifications to existing HFEs from the internal events (non-fire) PRA to incorporate fire
impacts and scenarios, as well as the analysis of new fire HFEs to be included in the FPRA
model. The scope of the fire HRA focuses on post-initiating event (dynamic) human failure
events, and these are grouped into the following categories:
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e Existing Internal Events HFEs — actions from the internal events PRA that are used

e Fire Response HFEs — including Main Control Room Abandonment HFEs (which are
considered as a special sub-set of the fire response HFEs)

e HFEs corresponding to undesired response to spurious actuation or spurious instrumentation

Pre-Initiating Event (Latent) HFEs. Latent human failure events are not addressed in this
document. All existing pre-initiators in the Level 1, Internal Events PRA model are independent
of the initiator and, hence, independent of a fire initiator as well. The existing pre-initiators do
not need to be re-analyzed, but should be retained in the FPRA model as their impacts remain
relevant to the conditional core damage probability (CCDP) and conditional large early release
probability (CLERP). NUREG/CR-6850 [1] states that:

“...the scope of this procedure does not include pre-initiator human failure events
specifically related to fire systems, barriers, or programs. Undetected pre-initiator human
failures such as improperly restoring fire suppression equipment after test, compromising
a fire barrier, or incorrectly storing a transient combustible can all affect the fire risk.
Tasks 6, 8, and 11 make use of industry-wide data that contains contributions from such
human failures...”

Thus, pre-initiator HFEs in fire suppression systems are already included in the empirical data
of NUREG/CR-6850. If suppression system fault trees are modeled explicitly, then latent HFEs
would be added using standard HRA modeling techniques. It should be noted that NUREG-
1792, Good Practices in HRA, [4] documents that it is a good practice to review historical data
for fire dampers. The multi-compartment analysis portion of the fire PRA may consider
mis-positioned fire dampers, but there is no difference from the standard HRA methods for
identification, qualitative and quantitative assessment and thus latent HFEs are not addressed
in this report.

Fire Detection HFEs. Manual fire detection is not included in the HRA scope of this report.
Manual fire detection is credited as a guaranteed success in continuously occupied areas;

and in other areas, the frequency of the roving fire watch is considered to determine detection
probability.

Fire Suppression HFEs. NUREG/CR-6850 [1] uses a statistical evaluation of historical events to
assign reliability estimates for the fire suppression systems. Suppression is modeled by a set of
curves showing probability of non-suppression as function of time available for suppression;
there are curves for various types of fires and locations within a NPP. Since the fire suppression
probability is addressed implicitly with data, it is not necessary for the HRA to explicitly model
the fire brigade response as part of the human reliability analysis task. The NUREG/CR-6850
non-suppression curves are based on historical data for automatically actuated suppression
systems. Human failure events modeling manual actuation of suppression systems would be
accomplished following the guidance of this report.
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Performance Shaping Factors. Many, if not all, of the fire impact on the human reliability
analysis comes through the influence on performance shaping factors such as cues, procedures,
and timing. Additionally, the impact of interactions among the fire brigade and the operational
crew may be considered in PSFs such as increased workload or staffing, and are within the scope
of the fire HRA methods in this report.

1.4 Intended Audience and Prerequisite Expertise

This document is aimed primarily at human reliability analysts involved in Nuclear Power Plants
(NPP) fire PRAs. It is intended to serve the needs of a fire PRA team by providing a structured
framework for conducting and documenting a fire HRA. This document pays particular attention
to task interfaces and interactions between HRA and other disciplines in a fire PRA conducted
following the approach outlined in NUREG/CR-6850.

HRA involves qualitative and quantitative analysis of plant-specific, fire safe shutdown operator
actions. Hence, the analysis needs the participation of personnel knowledgeable of plant
practices relating to operations, staffing, training, emergency preparedness, general emergency
operating procedures, and fire-specific operating procedures as well as those familiar with the
plant specific fire PRA modeling. Depending on the level of detail in the fire PRA (often related
to the specific NUREG/CR-6850 task being supported) the multi-disciplinary team will benefit
by including deterministic fire modeling experts to describe the fire ignition and progression
modeling, and electrical expertise to describe the fire impact on electrical circuits including open
circuits and/or hot shorts. The HRA expert should assist the PRA analyst to identify and
appropriately incorporate human actions in the plant fire safe shutdown response model.

1.5 Report Structure
This report is structured in the following sections and associated Appendices.

Section 1 delineates the objectives and scope of this report, as well as providing the background
information on the project tasks conducted in developing the fire HRA methodology and
guidelines.

Section 2 provides an overview of the guidance provided in the report. It is intended to show to
the user various steps in conducting fire HRA and how these steps may fit into a fire PRA.

Section 3 describes the guidance for identifying actions and defining human error events that are
to be considered, and guidance on how to model in a fire PRA. This is a revision of the guidance
provided in NUREG/CR-6850, Volume 2, Section 12.5.1 [1].

Section 4 describes the qualitative attributes contributing to quantification of HFEs including
performance shaping factors. This is a revision of the guidance provided in NUREG/CR-6850,
Volume 2, Section 12.5.5 [1].
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Section 5 describes the post-fire HRA quantification. Three approaches to quantification are
offered. 1) screening, 2) scoping, and 3) detailed HRA quantification. Screening human error
probabilities are assigned based on a revision of the guidance provided in NUREG/CR-6850,
Volume 2, Sections 12.5.2 through 12.5.4 [1]. Scoping is a more refined quantification than
Screening HRA (Section 4 of this report) but less refined than a detailed fire HRA. Detailed
HRA is the application of either the EPRI HRA approach or ATHEANA.

Section 6 describes the process for identifying defining and quantifying recovery actions. The
types of recovery actions considered in Section 6 are those that were not added to the fault trees
and event trees as part of the planned plant response. Instead, they are actions that are added at
the sequence or cutset level to re-align the affected system, or to provide an alternate system,
such that success of these actions would have prevented core damage and/or large early release.
Section 7 describes the process for how to assess dependencies.

Section 8 describes the guidance for conducting the uncertainty evaluation.

Section 9 describes an overview for what to include in the documentation.

Appendix A offers an examination of fire HRA analyses based on this guidance against the
requirements of the fire PRA Standard [3].

Appendix B provides a limited review of recent operating experience in the U.S. nuclear power
industry geared towards gaining insights on operator behavior during historical fire events.

Appendices C and D provide guidance for detailed quantification of HFEs using EPRI HRA
Cause-Based Decision Tree (CBDT) and Human Cognitive Reliability/Operator Reliability
Experiments (HCR/ORE) methods, and the ATHEANA method, respectively.

Appendix E contains the definition of terms used in this report.

Appendix F contains a summary of the testing, including scope and insights.

Appendix G contains guidance on how to identify and define HFEs for fire-related electrical bus
clearing and restoration procedures.

Appendix H provides the justification for the scoping human error probabilities.
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2

FIRE HRA FRAMEWORK

2.1 Introduction

The NFPA 805 transition initiative has encouraged the development of guidance for performing
human reliability analysis (HRA) for fire probabilistic risk assessment (FPRA). This project
builds upon what is documented in NUREG/CR-6850, Volume 2, Section 12 [1] and addresses
the development of human reliability analyses satisfying both the ASME PRA Standard [2] and
current requirements of the fire PRA Standard [3]. For this report, a more in-depth, realistic
treatment has been developed to explicitly account for key fire-induced influencing factors that
impact the human actions needed to prevent core damage or large early releases.

2.2 Fire HRA Process

To model a fire HRA, NUREG/CR-6850 [1] recommends the process listed below and shown in
Figure 2-1. This conceptual approach is based upon the SHARP1 framework for HRA [4], the
approach used in ATHEANA [5], and the approach outlined in the ASME PRA Standard, [2]

on which the Good Practices for Implementing Human Reliability Analysis [6] are based.

The following comprises the fire HRA process. Figure 2-1 shows the relationship to other HRA
methods and tasks. The subsequent text summarizes the changes in this document from the
original NUREG/CR-6850 HRA development.

1. Identify and define HFEs
e Internal events HFEs
e Fire response HFEs

e HFEs corresponding to undesired operator responses to spurious actuation or spurious
instrumentation

e Main control room abandonment HFEs
e [Initial assessment of the feasibility of the HFE
2. Qualitative evaluation
e Develop narrative describing the initial conditions and the context for the HFE
e Assess performance shaping factors
e Operator interviews

e Experience review
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3. Quantitative evaluation of the human error probability (HEP) using one of the following:
e Screening approach
e Scoping approach to quantification
e Detailed approach to quantification
4. Recovery
e Identify and define
e Quantify
5. Dependency evaluation
e Identify combinations of multiple operator actions
e Evaluate dependencies
e Incorporate dependency evaluation into the fire PRA model
6. Uncertainty analysis

7. Documentation

Identification and Definition. The identification and definition process is largely unchanged from
NUREG/CR-6850.

Qualitative Evaluation. For fire HRA, a qualitative analysis step (Section 4) has been added as
a stand-alone step. In many methods, this step is implicitly considered in the identification and
definition step. This step has proven to be important in the recent benchmarking exercise of
HRA predictions with empirical data, and thus is described explicitly.

Quantitative Evaluation. For fire HRA, this report provides three levels of quantification:
screening, scoping and detailed HRA. Although the levels are presented sequentially, it is not
required that an analyst progress through them sequentially or use all the methods. If the analyst
finds the screening and scoping methods to be too conservative or limiting, then he or she is
encouraged to use one of the more detailed HRA methods.

The screening methodology (Section 5) assigns quantitative screening values to the HFEs
modeled in the fire PRA by addressing the unique conditions created by fires. In those
instances where a less conservative analysis is required (i.e., conservative screening values are
unacceptable), the next stage presented is a scoping analysis. The scoping analysis (Section 5)
is a simplified HRA quantification approach developed specifically for this report that offers
additional guidance beyond the screening analysis. Although it has similarities to a screening
approach, the scoping quantification process requires a more detailed analysis of the fire PRA
scenarios and the associated fire context, and a good understanding of the many performance
shaping factors (PSFs) likely to influence the behavior of the operators in the fire scenario.

It is likely that some actions will not be able to meet the criteria for the scoping HRA method,
due to any number of reasons. For such cases, a detailed HRA approach is required.

Recovery, Dependency and Uncertainty. These are aspects of the fire HRA that were not
addressed in NUREG/CR-6850.
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Fire HRA Framework

Fire HRA Sub-Task

Relationship To Fire PRA
Tasks and Other HRA
Methodology Tasks

Identify and Define

Identify Internal Events HFEs

Identify Fire Response HFE (MCR abandonment is a subset)
Identify Undesired (Response to Spurious Indication or Actuation)
Operator Actions

Define All HFEs

Assess the feasibility of HFEs

Qualitative Assessment

p—

NUREG/CR-6850 Task 2, Task 5 and
Task 7, Task 12 Post Fire HRA
Screening

ASME PRA Standard High Leve
Requirements HR-E and HR-F
NUREG-1880 Steps 1-4

ANS fire PRA Standard ES-C1, ES-C2,
FSS-B1, and FSS-B2

NUREG-1792 Section 4.3

Develop narrative - setup context of HFE
Assess PSFs

Operator Interviews

Experience Review

Develop Narrative

Quantification

Screening - Apply high level screening value to HFEs
Scoping - Quantification using scoping trees
Detailed- Quantification using EPRI approach or ATHEANA

NUREG/CR-685( Task 7, and

Task 12 Fire HRA Screening

NUREG-1880 Steps 5-7
NUREG-1792

NUREG/CR-6850 Task 11, Task 7c, 7d,
Task 14 Task 12 Fire HRA

ASME PRA Standard High Level
Requirement HR-G

NUREG-1880 Step 8

NUREG-1792 Section 5.1.3.

-

Recovery

-

Dependency

&

Uncertainty

-

Documentation

Figure 2-1
Fire HRA process

Include operator recovery actions that can restore function.

NUREG/CR-6850 Task 11
NUREG-1880 Step 7 and 8

ASME PRA High Level Requirement
HR-H

Identify combinations of multiple HFEs
Evaluate combinations
Addressl/incorporate combinations

NUREG/CR-6850 Task 11
NUREG-1880 Step 5-8

ASME PRA High Level Requirement
HR-G and HR-H

Address uncertainty and sensitivity

Document HRA process
Document HRA key assumptions
Document HRA results
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2.3 Relationship to Other Fire PRA Tasks

Fire HRA is an iterative process and is developed in conjunction with a fire PRA. It is a series of
successive quantifications starting at the screening level and becoming more and more detailed.
As the fire PRA evolves, the fire HRA will also evolve. As such, the inputs to the fire HRA
potentially come from several fire PRA tasks listed in NUREG/CR-6850 [1]. Similarly, the fire
HRA output feeds several NUREG/CR-6850 fire PRA tasks, including various levels of fire
PRA quantification (for example, NUREG/CR-6850 Tasks 7, 8, and 11). Figure 2-2 shows

in total how the fire HRA task (NUREG/CR-6850 Task 12) is connected with the other
NUREG/CR-6850 fire PRA tasks. The solid lines are as depicted in NUREG/CR-6850 [1], and
these lines represent either the end results or the inputs to the fire HRA (Task 12). The dotted
lines have been added for completeness and the information is not necessarily considered as an
input or end result per NUREG/CR- 6850 [1]. For example, the timing information necessary
for the HEP quantification will come from an intermediate step of Task 8 but is not explicitly
identified as an output of Task 8. NUREG/CR-6850 [1] provides the following list of how the
fire HRA is linked to other NUREG/CR-6850 fire PRA tasks.

e NUREG/CR-6850 Task 2, Fire PRA Component Selection. This task identifies fire-scenario
mitigating equipment and diagnostic indications of particular relevance to human actions
modeled in the fire PRA. Task 12 identifies the human actions needed in the model. Tasks 2
and 12 are iterative since identified human actions may imply additional equipment and
diagnostic indications, which need additional human actions. Note that the equipment and
indications will involve (1) those needed for potential success of actions required by EOPs,
fire procedures, and (2) those whose failure (including spurious events) during a fire can
influence operators to isolate or to reposition critical equipment into a less desirable position.

e NUREG/CR-6850 Task 35, Fire-Induced Risk Model, will provide a list of human actions
already included as basic events in the portions of the Internal Events PRA that are modeled
in the fire PRA. These actions will be reviewed and revised (if needed) in the Task 12 fire

HRA. New human failure events identified in Task 12 (such as in a review of fire
procedures) will be added to the fire PRA model as part of NUREG/CR-6850 Task 5.

e NUREG/CR-6850 Task 7, Quantitative Screening. The fire HRA in NUREG/CR-6850 Task
12 provides screening human error probabilities (HEPs) used in performing the quantitative
screening or first quantification conducted in NUREG/CR-6850 Task 7. The Task 7
quantification results will provide feedback to Task 12 based on the accident sequences or
cutsets and accompanying CCDPs. The feedback will identify fire scenarios and fire HFEs
needing a more detailed best estimate analysis to obtain more realistic CDFs and/or LERFs.

e Knowledge from supporting tasks such as NUREG/CR-6850 Task 3 (Fire PRA Cable
Selection), Task 9 (Detailed Circuit Failure Analysis), and Task 10 (Circuit Failure Mode
Likelihood Analysis) will prove useful to the fire HRA. In these tasks, the associated cable
and circuit analyses help determine the potential for equipment failures, as well as spurious
operations and indications that the operators may face during a fire event. This information
will establish which screening HEPs are selected as well as the best-estimate quantification
of the more important HEPs. As part of the iterative nature of PRA, in some cases, it will be
desirable to perform some of the more detailed tasks (i.e., Tasks 9 and 10) as input to Task
12 so as to establish the best screening HEPs to carry out Task 7 most efficiently.
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Knowledge from NUREG/CR-6850 Task 8, Scoping Fire Modeling, and NUREG/CR-6850
Task 11, Detailed Fire Modeling, provides details on the fire modeling of various areas

and has proven to be useful in defining scenario-specific factors affecting HRA. These
factors impact the quantification of screening HEPs, as well as scoping and best-estimate
quantification of the more important HEPs. For example, the potential for adverse
environments and timing information relative to equipment damage comes from these two
tasks. As part of the iterative nature of PRA, in some cases, it will be desirable to perform
portions of NUREG/CR-6850 Tasks 8 or 11 as input to Task 12 so as to establish the best
screening HEPs to carry out Task 7 more efficiently.

Ultimately, the final products of NUREG/CR-6850 Task 12, including the HFEs to be
modeled, some screening HEPs, and scoping and best-estimate quantification of certain
HEPs, are inputs into the final risk quantification performed under NUREG/CR-6850
Task 14, Fire Risk Quantification.”
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Figure 2-2

Mapping of fire HRA task 12 to NUREG/CR-6850 [1] PRA tasks'

' Note: Task 7c and 7d added to figure based on discussion in NUREG/CR-6850.
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2.4 General Assumptions

The work performed under these guidelines assumes the following:

1.

The FPRA and fire HRA are only concerned with fires that cause an initiating event,
which leads to a reactor trip or a requirement for a reactor trip or manual shutdown. Such
fires are considered obvious to detect. Smaller fires may not be obvious to detect, but their
consequences would be much less significant and, if no reactor trip occurs, they are not
relevant to the fire HRA. This assumption is consistent with the following assumptions in
NUREG/CR-6850 [1]:

e The crew is aware of the fire location within a short time (i.e., within the first ~10
minutes of a significant indication of non-normal condition by fire alarms, multiple
equipment alarms, and automatic trip).

e The crew is aware of the need for plant trip (if it is not automatic)
e The crew is aware of the need to implement a fire brigade

e The crew is aware of the potential for unusual plant behavior as a result of the fire.
Most plants can be operated from the control room with two or three operators as the
minimum, but a crew may consist of four or five licensed operators. Thus assigning one
to the fire brigade does not diminish the control room capability below what is required.

All of the required fire protection safe shutdown actions, either from the “Appendix R
program” or from NFPA-805 safe shutdown analysis, are proceduralized in the plant fire
response procedures. It is not within the scope of this document to identify new “Appendix
R” or NFPA-805 safe shutdown actions required to satisfy the plant’s fire protection program
requirements. This document has addressed identification of operator actions required for
fire PRA and these actions may or may not be added to the Appendix R/NFPA-805 safe
shutdown list. In general, a fire anywhere in the plant introduces new accident contextual
factors and potential dependencies among the human actions beyond those typically treated
in the internal events PRA. These new factors and dependencies will mildly or significantly
increase the potential for unsafe actions during an accident sequence and will be addressed in
the procedure. They include, for instance, potential adverse environments (e.g., heat, smoke),
possible accessibility and operability issues, use of fire procedures, potential spurious events
associated with both diagnostic and mitigating equipment, and increased demands on staffing
and their workload, among others.

As stated above, it is assumed that the crew is aware of the fire location within a short period
of time (~10 minutes). Once the crew is aware of the location, the fire brigade will work
quickly to extinguish the fire. For HFEs where there are several hours available after reactor
trip to perform the action, it is assumed that the action is time independent of the fire, and fire
impacts will have very little if any effect on the operator performance.

The objective of the Main Control Room crew is to manage the active power control,
injection, and heat removal systems to achieve safe shutdown with no damage to the core
given the fire.
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2.5 Technical Bases

The fire HRA Methodology has been developed within the framework of, and uses to the extent
practicable, existing HRA methods that are currently in widespread use. It is not the intent of this
project to develop a new or unique detailed HRA methodology to address fire issues involving
PRA, but rather to extend existing methods to address the fire conditions when the screening
and scoping approaches are not adequate. While there are many HRA methods available, this
project focused on two cognitive/execution methods to perform detailed HRA for fire context.
Neither is it the objective of this project to research performance shaping factors (PSFs) and
screening human error probabilities beyond what is documented in Volume 2, Section 12 of
NUREG/CR-6850 [1]. These PSFs are similar to and consistent with the ones derived by the
NRC (defined as manual actions feasibility criteria) in NUREG-1852 [7]. Lessons learned

from this process can then be applied to other HRA methods on an as-needed basis.

e EPRI HRA Methodology — CBDT [7] and THERP [9]: Recent industry efforts have
focused on a standardized approach using the EPRI Cause-Based Decision Tree method
(CBDT) [8, 10, and 11] for the cognitive aspect of HRA including detection, diagnosis, and
decision-making. CBDT [8] is complemented by the EPRI HCR/ORE [10] for modeling
cognition of time-sensitive actions. THERP [9] is used to model the execution/manipulation
aspect of the HRA. This collective set of CBDT, HCR/ORE, and THERP is referred to as the
EPRI HRA approach in this report.

e ATHEANA [5]: The USNRC’s ATHEANA method appears to be suitable for a fire HRA
because it offers a structured process for identifying critical aspects of successes/failures
associated with abnormal operations. Also, ATHEANA is not limited to a specific set of
performance shaping factors (PSFs) or plant conditions, allowing fire-specific PSFs and
contexts to be easily accommodated.

In addition to the above two methods, the authors have developed a scoping HRA approach to be
used as a simplified quantification approach. This scoping approach was developed by drawing
upon the principles and concepts embedded in the ATHEANA and EPRI HRA methods, plus
other related HRA information (e.g., concepts of “feasibility” and “time margin” that were
introduced in NUREG-1852 [7]).
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3

IDENTIFICATION AND DEFINITION

3.1 Introduction

The objectives of the identification and definition task are to (1) identify operator actions and
associated instrumentation that are necessary for successful mitigation of fire scenarios, and (2)
to define the human failure events (HFEs) at the appropriate level of detail necessary to perform
NUREG/CR-6850 [1] tasks up to initial risk model development (in Task 5). A detailed
definition is needed for the qualitative HRA in Task 12.

It is intended that the identification and definition task be performed early in the FPRA
development, because the list of associated instrumentation required for operator actions will
need to be added to the component selection list in NUREG/CR-6850 [1] Task 2, and the
identification of actions can be helpful for risk modeling in Task 5. As the initial risk model is
developed, the FPRA analysts will need to develop which operator actions can or can not be
credited.

As in the internal events HRA, operator actions are primarily identified by accident sequence and
procedure review. Identification of post-initiators for fire HRA is primarily concerned with three
types of procedures; emergency operating procedures (EOPs), annunciator/alarm response
procedures (ARPs), and fire procedures.

EOPs are those procedures which are required in response to a reactor trip or safety injection.
In the United States, EOPs are standardized procedures (by vendor, such as Westinghouse,
General Electric and Combustion Engineering) on which the operators are thoroughly trained.
Most internal event HRA actions are identified by review of EOPs and associated event trees.
ARPs are those procedures to which the operators are directed in response to an annunciator.

Fire procedures are procedures (beyond the normal EOPs/AQOPs) that the operators will use in
response to a fire. Currently, in the United States, there is no standardized fire procedure or
format among plants. Fire procedures have historically been developed to meet 10CFR50
Appendix R' requirements, but many utilities are transitioning their fire protection program to
one based on the National Fire Protection Associations risk-informed, performance-based
program called NFPA-805. A plant may have one fire procedure or many fire procedures
depending on their Appendix R/NFPA-805 program. The level of detail given in the procedures
is known to vary widely among plants. Some plants have a specific set of instructions for actions
that are required to be performed for a specific fire location, others provide a list of instruments
that could be affected by the fire on an area-by-area basis, others are intended for use primarily
by the fire brigade, and sometimes control room actions and fire brigade actions are co-mingled.

' Within the context of Fire PRA Chapter 10 Appendix R of the Code of Federal Register is commonly referred to as
Appendix R and this short hand many be used through out this report.
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The naming of fire procedures can also vary among plants: common names include fire
procedures, pre-fire plans, fire strategies, serious station fire procedure, main control room
abandonment procedures, site emergency response procedure (which include a section for fire).
NUREG/CR-6850 [1] refers to all these procedures as fire emergency procedures (FEPs).
Throughout this document, the term fire procedure will be used to reference to any type of
procedure (beyond the normal EOPs/AOPs) that the operators will use in response to a fire.
For fire HRA there are 3 types of post-initiator operator actions to consider:

e Internal events operator actions.

e Fire response operator actions — main control room abandonment actions are considered
as a special sub-set of the fire response operator actions.

e Undesired operator responses to spurious actuation or spurious instrumentation.

The identification of fire response actions includes the following actions that may be required in
the FPRA model:

e Fire response actions to mitigate the expected fire damage, by providing mitigation using
equipment taken credit for in Task 2 of the FPRA.

e Pre-emptive fire response actions to prevent fire damage to equipment (protect equipment)
needed in the FPRA.

e Fire response actions recovering PRA sequences or cutsets, typically consisting of multiple
equipment failures and/or failed operator action(s).

e Fire response actions to mitigate spurious indications and actuations.

3.2 Internal Events Operator Actions

Internal events operator actions are actions that are required in response to a reactor trip and/or
safety injection, typically directed by the emergency operating procedures (EOPs), alarm
response procedures (ARPs), abnormal operating procedures (AOPs) and/ or normal operating
procedures (NOPs).

Internal events operator actions are identified by considering the fire-induced initiating events
and their related fault and event trees from the internal events PRA. Since these operator actions
had already been identified, their HFEs defined, and their human error probabilities (HEPs)
quantified as part of the internal events HRA, it is not necessary to repeat the internal events
HRA identification process. All that is required for the FPRA identification process is to
determine which of these HFEs could occur in fire scenarios. This is accomplished by (1)
identifying the fire-induced initiating events from NUREG/CR-6850 [1] Task 2; and (2)
identifying the HFEs in the logic structures associated with these fire-induced initiating events.

For example, turbine trip is a common fire-induced initiating event, and the internal events PRA
often models the response to turbine trip within a “general transient” event tree. All the HFEs
that are associated with the turbine trip portion of the general transient event tree or related fault
trees could therefore occur in fire scenarios. An example of such an HFE is “Operator fails to
start auxiliary feedwater” — the implied operator action is therefore “start auxiliary feedwater.”
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Existing internal events HFEs that are not associated with any fire induced initiating events

can be screened from further consideration in the fire HRA. For example, steam generator tube
rupture (SGTR) is not typically a fire induced initiating event in a PWR, therefore fire impact on
SGTR HFEs need not be considered in the fire PRA.

For fire HRA, there are potentially two sub-types of internal events operator actions, (1) those
that are explicitly modeled as basic events in the internal events PRA and (2) those that are
proceduralized in the EOPs but are not modeled as basic events or are developed into detailed
HEPs (instead they are typically set to conservative screening values in the internal events PRA).
The second type of action is identified by the same process as for actions already included in the
internal events PRA. The only difference is once the qualitative analysis stage is reached, the
HRA analyst will not have a base analysis from which to work. To ensure the identification task
is complete, the following steps are all required, but not necessarily in the following order. The
point at which each of the steps is completed will depend on the development of the fire PRA.
The following steps are a summary of the discussion presented above.

Step 1) Identify all operator actions in internal events PRA. This identification should be
straightforward and in most cases is a data extraction from the internal events PRA based on
basic event name. At this stage, the pre and post initiators are separated. All existing pre-
initiators in the Level 1, internal events PRA model are independent of the initiator and hence
independent of a fire initiator as well. The existing pre-initiators do not need to be re-analyzed,
but should be retained as-is in the FPRA model since their impacts remain relevant to the
CCDP and CLERP.

Step 2) Screen from consideration internal events HFEs that are not associated with fire-
induced initiating events. These initiating events are identified in Task 2 of NUREG/CR-6580
[1]. Examples of initiators not typically included in fire PRA are large LOCA and ATWS

(for BWRs and PWRs), and SGTR (for PWRs). There may be cases were a single HFE analysis
is used for several initiators and the limiting case initiator is not associated with the fire PRA.
In these cases, the HFE should not be screened from consideration but should be re-evaluated
from first principles to correctly model the fire impacts. For example, the timing of an HFE
maybe based on the limiting case for large LOCAs and then the same analysis is applied to
small and medium LOCAs. In this case the HFE should be retained for the fire PRA for the
small LOCA and the timing will need to be re-evaluated in the qualitative analysis.

Step 3) Review fire related fault trees and event trees. ASME requirement HR-E1 [2] requires
that “when identifying the key human response actions REVIEW: (a) the plant-specific
emergency operating procedures, and other relevant procedures (e.g., AOPs, annunciator
response procedures) in the context of the accident scenarios (b) system operation such that an
understanding of how the system(s) functions and the human interfaces with the system is
obtained”. For this identification step, it is important that the internal events HRA meets ASME
category II and a review of plant procedures had already been completed for the internal events
model. This fire HRA guideline has been written assuming the internal events PRA model is up
to date and meets Capability Category II of the PRA Standard. However, it is necessary to
review the fire fault trees and events trees to ensure that internal events actions are still modeled
appropriately. This review will identify any actions that were not previously modeled in the
internal events PRA but will be needed for the fire PRA. These actions are proceduralized
actions in the EOP and/or AOP/ARP/NOPs that were not considered important for the internal
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events model due to a low probability of associated component failure. An example of this type
of action is manual back-up of automatic actuation, such as “operator fails to start a pump after
automatic actuation failed”. Such actions are not always modeled in the internal events PRA
because random hardware failures have relatively low failure probabilities for internal events,
but in a post-fire situation the hardware could be failed by the fire, or its reliability severely
degraded, such that manual operator actions are needed and must be added to the PRA model.

This step is typically not performed by an HRA analyst in isolation; it requires communication
between the PRA fire modeling analyst and the HRA analyst. It is an iterative step which will
be re-visited as the fire PRA model develops.

Step 4) Define each internal events HFE

The definition of existing internal events HFEs must be revised for fire impact. All the
assumptions and inputs that are used in the internal events HFE analysis must be systematically
considered for fire impact including:

e Fire impact on instrumentation and indications credited for detection and diagnosis.
e Fire impact on timing of cues, response, execution, and time available.

e Fire impact on success criteria.

e Fire impact on manpower resources, which affect recovery.

e Fire impact on local actions, e.g., accessibility, atmosphere, lighting.

Further discussion on how and what to consider in the definition of the HFE is presented
in Section 4. The identification and definition is an iterative process and is added here for
completeness for the reader.

3.3 Fire Response Operator Action Categorization

Fire response operator actions are new post-initiator operator actions required in response to a
fire. They are typically directed by the fire procedure(s). They are sometimes called fire manual
actions and are referred to elsewhere in this document simply as “new” MCR or ex-control room
actions (i.e., they are fire specific and were not included as internal events HFEs.) The following
sections outline the different types of fire response actions based on function in the fire PRA.

3.3.1 Fire Response Actions to Mitigate the Expected Consequences of Fire
Damaged Equipment Needed in the FPRA

To identify the fire response actions that might mitigate the effects of equipment damaged by
fire, each fire area is first reviewed to identify equipment that is potentially damaged by a fire in
that compartment/area. This identification is typically accomplished during the performance of
the NUREG/CR-6850 [1] fire modeling tasks during the review of the fire procedure(s). Note
this information may change as the modeling progresses, for example from a complete loss of
instrumentation in the first quantification of NUREG/CR-6850 Task 7 [1] to a partial loss of
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instrumentation in a more detailed quantification of the same area in NUREG/CR-6850 Task 11
[1]. Given that fire damage to equipment is identified, the fire procedure(s) applicable to each
scenario is reviewed to identify any fire response actions that can be credited for mitigation.

Examples of fire response human failure events (HFEs) are listed below. Note that each of these
HFEs may require several sub-task failures to be modeled or some of these HFEs may be later
consolidated into one HFE. Such subdivision or consolidation would depend on the level at
which the HFE is required in the logic model e.g. function, system, train or component level
would require different levels of resolution.

e Operators fail to open a level control valve using a local handwheel, after the fire causes
remote control to be unavailable.

e Operators fail to manually operate a charging pump at the breaker, given that the pumps
cannot be controlled from the main control room because fire has damaged control circuits.

e Operators fail to close a flow control valve by isolating the air supply.

e Operators fail to locally operate a residual heat removal pump when motor the control circuit
is failed by the fire.

e Operators fail to restore steam generator level by locally controlling auxiliary feedwater
after fire damages control room indicators.

e Operators fail to isolate pressure operated relief valve (PORV) after it spuriously opens
during the fire and cannot be closed from the control room.

The fire HRA should not take credit for any fire response actions that are not proceduralized
except as described in Section 6.

3.3.2 Pre-Emptive Fire Response Actions to Prevent Fire Damage to Equipment
(Protect Equipment) Needed in the FPRA

Most pre-emptive fire response HFEs involve failures to de-energize power supplies or disable
control systems in order to prevent spurious actuations. Some examples are shown below.

e Operators disable a solid state protection system.
e Operators de-energize a motor control center.

e Operators de-energize pressurizer heaters.

These actions are explicitly stated in the fire procedures; however, they may or may not identify
why the actions are to be performed. At some plants, the fire procedures direct the operators to
place the plant in a Self Induced Station Blackout (SISBO) as a pre-emptive measure in order to
mitigate any spurious actuations. Detailed guidance for SISBO plants is described in Appendix
G. These pre-emptive actions can be identified and HFEs defined and modeled before screening
(see Section 5), or after initial quantification, and as needed, from the initial fire PRA results.
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3.3.3 Fire Response Actions Recovering PRA Sequences or Cutsets

For scenarios in which the internal events operator actions are assumed failed because of fire
impacts to the instrumentation or equipment, the HRA analyst may need/wish to credit an
additional action. This action could be one proceduralized in the fire procedures. An example of
this is an internal events HFE for an operator failing to start a pump. In the internal events model,
this HFE is a simple control room action but, in the fire scenario, the fire fails the control room
switch and the HEP evaluates to 1.0. For the fire PRA, the HRA analyst may wish to credit a
local action to start the pump. To identify these types of actions, the fire impact on the existing
internal events actions needs to be known (and is typically provided through the fire PRA
quantification) and the potential success path to be applied needs to be known. The latter is

often identified as a result of operator interviews. Given that the existing internal events actions

applicable to the FPRA have been identified, the fire impact on them due to fire damage to
instrumentation is identified during the fire modeling tasks specified in NUREG/CR-6850 [1].
Other impacts such as timing delays also need to be addressed (see Section 4). As noted above,
the fire impact is first quantified in the fire modeling tasks of Task 7, and later refined in

Task 11.

3.3.4 Main Control Room Abandonment Actions

MCR abandonment actions are a special case, or a subset, of fire response actions. The same
identification process applies as for fire response actions, but the procedure review would be
limited to the fire procedures that apply to MCR abandonment and establishment of local
control. Local control may be at a one or more local control panels, breakers, or pieces of
equipment. In addition to the local fire response actions, the cognitive decision for MCR
abandonment needs to be addressed. Generally there are two criteria for MCR abandonment,
either due to uninhabitability or inability to control the plant. The criteria used in the fire PRA
model for MCR abandonment or use of alternative shutdown needs to be defined. The decision
to abandon the MCR is an area of uncertainty since there may not always be clear decision
criteria for abandonment. When habitability is not an issue, the crew may not completely
abandon the MCR even if their ability to control the plant is hindered, for example due to

fire effects on control cables.

In the initial stages of the FPRA development, the decision for abandonment will be determined
by the fire PRA analyst as a simple “yes” (MCR abandonment is required) or “no” (MCR
abandonment is not required). If the fire PRA determines that the operators will abandon the
control room then it is the HRA analyst’s task to identify the operator actions required for
success (based on review of the MCR abandonment procedure) once the decision to abandon has
been made. If the fire PRA determines that the conditions exist such that the operators will not
perform the abandonment procedure to completeness and some operating staff will remain in the
control room, the FPRA analyst will need to define the operator actions required for success on a
scenario specific basis.
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3.3.5 Manual Actuation of Fixed Fire Suppression Systems

Manual actuation of fixed fire suppression systems are included in the HRA scope of this
report. NUREG/CR-6850 [1] uses a statistical evaluation of historical events to assign reliability
estimates for the fire suppression systems. Suppression is modeled by using non-suppression
probability curves. Since the fire suppression probability is addressed with data, it is not
necessary for the HRA to model the fire brigade response.

However, manual actuation of automatic fire suppression systems from the control room during
an event is within the scope of the HRA since it is not accounted for in the non-suppression
probability curves. These actions are identified in reviewing the fire procedures. Typically, if
suppression is required from the control room, the action is proceduralized in the fire procedures
on a fire area-by-area basis. In some cases these actions are proceduralized in the fire brigade
response procedures.

3.4 Fire Response Operator Action Identification and Definition

The fire response operator actions are identified by a systematic review of the fire procedure(s)
to identify the fire response actions required in the FPRA. In order to understand what fire
response actions are required in the FPRA, it is necessary to first understand the fire scenarios,
which requires modeling of the fire impacts on equipment and instrumentation in the FPRA.
However, if the FPRA modeling has not advanced to this stage yet, all procedural fire response
actions could be identified, and some can be excluded from further consideration if it is later
determined that they are not required in the FPRA. An iterative approach using three steps is
followed in order to identify fire response actions.

Step 1) Develop fire scenarios first to understand the impact of fire on equipment and
instrumentation, and then identify specific fire response actions required for mitigation.
For this approach, ideally, the fire FPRA has developed past NUREG 6850 Task 5 risk model
development. The HRA analyst and fire PRA analyst will work together to review the fire
scenarios in conjunction with both the fire procedures, EOPs, fault trees and event trees.

To identify the operator actions in this approach, the fire PRA analyst will need to create
timeline for the fire sequence of events in sufficient level of detail such that the HRA analyst can
map the expected operator action as directed in the fire procedures to the specific fire sequence.
This many also require operator interviews to confirm the expected plant response for each fire
scenario.

Step 2) Identify all procedural fire response actions, and then apply only those that are
required for mitigation once the fire impacts on equipment and instrumentation becomes
known. In this approach the HRA analyst can identify the fire response actions without
significant input from the fire PRA analyst. The fire procedure review will simply document all
possible actions listed in the fire procedures. As part of this approach the HRA analyst would
map the identified fire response actions to internal events actions if applicable. An example of
this approach is shown below:
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Fire
Response Related Basic Event Equibment Fire Response Basic Event
Basic Event Identifier in PRA quip Description
Identifier
ACP-OPS- None 4160V Operators fail to isolate
ISO-1F1A Bus 1F 4160V Bus 1F from Bus 1A
ACP-OPS- EAC-OPS-FO-DG1 — DG1 Operators fail to align DG1 to
ISO-1FDG1 Operators fail to operator 4160V Bus 1F by isolating
Diesel Generator 1 (DG 1) and operating DG1 and
Breaker EG1 per Section 10
of Procedure 5.4.30.1
CS-OPS-OC- | LCS-OPS-FO-MO15 - CS-MO-12A Operators fail to open
MO15 Operators fail to align CS-MO-15 using contactor or
Condensate Storage Tank handwheel per section 11 of
(CST) to pump suction procedure 5.4.30.1
from the control room
HPCI-OPS- RHR-OPS-FO-RHRA — HPCI/Residual Operators fail to cool down
OC-CD Operators fail to cool down | Heat Removal using HPCI and establish
using High Pressure (RHR) RHR per section 9 of
Coolant Injection (HPCI) for procedure 5.4.30.1
Small LOCA
FZ50-OPS- None Fire suppression Operators fail to active
SUPRESS system FZ AA-55 suppression system for
AA-55 from control room
AFW-OPS- AFW-OPS-XTIE — AFW FM-124 Operators fail to cross-tie
XTIE-FIRE Operators fail to cross tie AFW per the Main Control
Auxiliary Feedwater (AFW) Room abandonment
per AOPs procedure

This approach is resource intensive for the HRA analyst but does provide clear documentation
of the procedure review in order to meet ASME standard requirements HR-E1 and HR-E2. This
approach also provides the fire PRA analyst with all possible actions that can be credited and the
fire PRA analyst can implement these actions on an as needed bases.

Step 3) An iterative approach combining the above two approaches. Since the fire HRA
task is typically not performed independently of the fire PRA, a hybrid approach to the two
approaches described above may be performed. The hybrid approach would be plant and

model specific. For example, as the risk model is being developed, the HRA analyst could
review the fire procedures to identify MCR abandonment actions with the assumption that MCR
abandonment is required. After the fire PRA has developed the MCR abandonment scenarios,
the HRA analyst can define the actions for the specific fire sequence. If the fire modeling has
progressed to a stage where specific locations are determined to be risk significant, the HRA
analyst could take these areas and only review sections of the fire procedures specific to the risk
significant areas.
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The human failures of fire response actions are defined to represent the impact of the human
failures at the function, system, train or component level as appropriate. The definition should
include:

e The specific high level tasks required to achieve the goal of the response.
e Accident sequence specific procedural guidance (fire response procedures).
e The availability of cues and other indications for detection and evaluation errors.

e Accident sequence specific timing of cues, and time window for successful completion.

Further discussion on how and what to consider in the detailed definition of the HFE is presented
in Section 4.2. The identification and definition is an iterative process and is included here for
completeness for the reader.

3.5 HFEs Corresponding to Undesired Operator Responses to Spurious
Actuation

For fire HRA, an undesired action is defined as a well intentioned operator action that is
inappropriate for a specific context and that unintentionally aggravates the scenario. Undesired
responses primarily consist of shutting down or changing the state of mitigating equipment in a
manner that increases the need for safe shutdown structures, systems, or components. The key
criterion in identifying undesired operator actions is that it leads to a worsened plant state; for
example, turning a transient initiator into a consequential LOCA. If an operator responds to a
spurious indication and the action is judged to not impact the CCDP or CLERP, then it does
not need to be considered further, except as a dependency on other actions. The dependency
evaluation needs to include the potential for prevention of other actions.

In fire events, spurious indications occur when electrical cables routed through a zone where
the fire is postulated are shorted, grounded, or opened as the cable insulation is burned. These
instrument wires feed alarms and control indications that act as cues for operator actions.
Thus, an undesired action can be triggered through a false cue that tells the operator to take an
action that is potentially detrimental to safe shutdown. For example, an action is classified as
undesirable, if the operators conclude from false cues that the safety injection (SI) termination
criteria are met and shut down SI when it is inappropriate to do so.

The undesired operator actions are to be identified within the context of the accident progression.
When the EOPs are implemented, the operators follow them and remain in the EOP network
until the plant has reached a safe, stable state when normal procedures can be implemented
again. During the initial EOP response, the operators are trained to respond only to indications,
annunciators or alarms that are referenced in the EOPs or that are very pertinent to the scenario.
In practice, once the accident diagnosis is complete, required equipment status is verified, and
the plant is stabilized (during? to? cooldown and depressurization), the operators would resume
normal protocol for monitoring of the control room and start attending to annunciators or alarms
again. In a fire scenario, the operators would also implement the fire procedures either in parallel
to the EOPs, or the EOPs may be suspended while the fire procedure(s) are performed -
depending on plant-specific procedural guidance and training.
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To reasonably bound the number of modeled, undesired operator actions due to spurious
indications, it is recommended that human performance-based criteria be developed to be applied
consistently in the identification process. Such criteria should be based on the plant specific
factors that govern operator cognitive response to indications such as:

1. Cue parameter(s)

2. Cue (procedural) hierarchy
3. Cue verification
4

Degree of redundancy for a given parameter

Each of the above factors is briefly discussed below:
Cue parameters

The cue for an operator cognitive response may consist of a single parameter or multiple
parameters. For example, low lubrication oil pressure for a pump is a single parameter that
would actuate an alarm which would require the operator to trip the pump to protect the bearings.
As an example of multiple parameters, the cue for implementing the functional restoration
procedure for loss of secondary cooling on a PWR is based on multiple parameters namely low
steam generator feed flow and low steam generator narrow range level.

For operators to be misled by a single parameter cue, a spurious indication(s) on the single
parameter would be sufficient, while for a multiple parameter cue, multiple spurious indications
on different parameters would be required. It would generally be true that multiple spurious
indications on different parameters are less likely to mislead the operators than a spurious
indication on a single parameter but the relative likelihood would depend on the fire impact on
instrumentation in a specific scenario.

Cue (procedural) hierarchy

Following a reactor trip or safety injection, operator response is governed by procedure. The
operators enter the emergency operating procedures (EOPs). During the initial EOP response, the
crew basically focuses on plant parameters and alarms that are called out in the EOPs — other
annunciator and alarms may be ignored until the plant is stabilized, unless the cue is very
pertinent to the scenario. In the EOPs, certain cues are required to be monitored continuously;
they may be known as continuous action statements, floating steps, and/or foldout page
instruction(s), depending on the vendor. The operators also may have some cue-specific
indication preferences based on training, procedures, ease-of-use, and reliability. When a
continuously monitored cue occurs, the operators may be required to suspend what they are
doing and perform the instruction(s) associated with this cue. Cues may be further prioritized e.g.
Westinghouse EOPs cues are prioritized by (1) safety function and (2) severity of challenge to
safety function - in the critical safety function status trees (CSFSTs) that are monitored from a
certain point in the EOPs. Although there may be plant-specific deviations, operators generally
prioritize the cues as follows:

a) Cues that are continuously monitored.
b) Cues that are called out in the EOPs as checks, but are not continuously monitored.
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c) Cues that are not called out in the EOPs, but that may be very pertinent to the scenario.
d) Cues that are not called out in the EOPs and that are not pertinent to the scenario.

Operators are more likely to be misled by a spurious indication(s) on a high priority cue than a
low priority cue.

Cue verification

Certain cues may require an immediate response, while other cues may require verification prior
to action. For example, a typical annunciator response procedure (ARP) may require the
operators to verify the validity of the cue by comparison with the other indications, or by local
inspection.

Operators are more likely to be misled by a spurious indication(s) of a cue that requires an
immediate response than a cue that requires to be verified first.

Degree of redundancy for a given parameter

Most plant parameters have redundant instrumentation channels and indications. For example,
each steam generator level may have three or four redundant instrumentation channels. The
operators expect all the redundant channels to provide the same indication of the parameter.
Should one of the redundant channels deviate significantly from the other channels, the operators
would suspect instrumentation failure. The operators would enter the abnormal operating
procedure for instrumentation failure, which would require the suspect instrumentation channel
to be placed in the tripped position. However, if additional indications deviate, it becomes
progressively more difficult to tell which are correct and which are not.

Operators are not likely to be misled by a spurious indication on one of several redundant
instrumentation channels, but they may be misled by multiple spurious indications on redundant
channels.

3.5.1 Examples of Operator Actions that Result in Undesired Response

Examples of operator actions listed in the EOPS that could result in undesired responses are
shown in Table 3-1. In the first example, the operators are required to check safety injection (SI)
status and to actuate SI if required in E-O step 4. If SI is not required in the scenario but the
operators see a false high containment pressure, they will actuate SI. The instrumentation
associated with containment pressure is shown in the MCR Instrumentation column: there are
four redundant pressure indications (PI) and a diverse pressure recorder (PR) device. In the
second example, the operators are required to stop the low head safety injection (LHSI) pumps if
RCS pressure is higher than 275 PSIG in E-O step 25. This step is also a “continuous action step”
(denoted by gray highlight) which means that once the operators reach step 25, they will start
monitoring the RCS pressure to stop the LHSI pumps if required.
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Table 3-1

Examples of operator actions in EOPs that could result in undesired responses

Consequence if
Procedure Parameter Sp!.mo_us MCR . Unde§|red Operators F.iespond
Indication Instrumentation Action to Spurious
Indication
E-O Step 4 | Containment > 5 PSIG P1 LM100A Actuate S| | Fill pressurizer,
RNO (CNMT) PI LM100B challenge PORVs,
pressure PI LM100C consequential LOCA
Pl LM100D
PR 1LM 100A
E-0 Reactor Coolant | > 275 PSIG PI RCS 402 Stop LHSI | Loss of core cooling
step 25 System (RCS) PI RCS 403 pumps
pressure

For undesired operator actions, continuous action steps are more important because they are
monitored and remain in effect until the procedure is exited — in contrast to normal steps that are

only performed when the operators reach the step.

Examples of operator actions based on spurious annunciators that could result in undesired

responses are listed in Table 3-2.

Table 3-2

Examples of operator actions based on spurious annunciators that could result in

undesired responses

Spurious Annunciator

Undesired Action

Consequence

ESW PUMP MOTOR INSTANT TRIP

Place the affected
pump’s control switch in
LOCKOUT.

One train of service water stopped
reducing ESW prob. of success in
CCDP calculation. Can be restarted.

CCW PUMP MOTOR INSTANT
TRIP

Place the affected
pump’s control switch in
LOCKOUT.

Stopping one CCW pump increases
operating temperature on many
components, but can be restarted.

EAST RHR PUMP SUCTION
VALVES NOT FULL OPEN

Immediately open
1-IMO-310, East RHR
Pump Suction, or
1-ICM-305.

Depending on scenario (size of LOCA
or not) could lead to cavitation of the
pump. Loss of pump in Recirc. mode

RHR PUMPS MOTOR INSTANT
TRIP

Place pump control
switch in LOCK-OUT.

Delay start of RHR if not on or halts
RHR if on. Impacts CCDP. Can be
manually started.

3-12




Identification and Definition

3.5.2 Process for Identifying and Defining HFEs that Result in Undesired Operator
Response

To ensure the identification task is complete, the following steps are all required but not
necessarily in the order presented. The point at which each step is completed will depend
on the development of the fire PRA. The steps below are a summary of the above discussion.

Step 1) Review EOPs for undesired operator response actions

The EOPs are to be systematically reviewed to identify all the steps where an undesired operator
action can result. The EOPs to review are those that the operators are expected to perform for all
the fire induced initiating event scenarios in the fire PRA model. Each step in the procedure that
contains some decision logic with reference to a plant parameter is to be considered for the
potential to cause an undesired operator action should the indication associated with the
parameter be spurious. The instrumentation associated with the plant parameter could be
identified in the EOPs, the EOP background documentation, instrumentation and control
diagrams and/or control room panel layout drawings or pictures.

Prior to the EOP procedure review, the HRA analyst may benefit from doing preliminary
operator interviews in order to more fully understand how the crew anticipates responding to
spurious indications and actuations. At most U.S nuclear power plants, crews are trained to rely
on multiple and diverse indications before taking actions. The following assumptions can be
made to reasonably bound the number of undesired operator actions in accordance with
Capability Category II of the fire PRA standard.

e Actions that require multiple spurious indications on different parameters can be screened
from consideration.

e Actions that require multiple spurious indications on redundant channels can be screened
from consideration.

e Actions that have a proceduralized verification step can be screened from consideration, if
the verification will be effective given the fire scenario.

Step 2) Review ARPs for undesired operator response actions

The annunciator response procedures (ARPs) are to be systematically reviewed to identify
potential undesired operator actions that can result from an annunciator or alarm. The
identification process would be analogous to that for the EOPs described above. The ARPs to
review would be any ARP which involved equipment or systems modeled in the fire PRA.
Although operators may not respond to annunciators or alarms that are not referenced in the
EOPs during the initial implementation thereof, the annunciators or alarms will remain “in
alarm” and will eventually be responded to. Prior to the ARP review, the HRA analyst may need
to do preliminary operator interviews to understand how the crew anticipates responding to
spurious indication. The same assumptions applied to the EOP review for screening of undesired
operator actions can also be applied to the ARP review.

Step 3) Define HFEs

The undesired operator response actions should be defined to represent the impact of the human
failures at the function, system, train or component level as appropriate. The definition should
include:
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The specific high level tasks required to achieve the goal of the response.
Accident sequence specific procedural guidance (fire response procedures).
The availability of cues and other indications for detection and evaluation errors.

Accident sequence specific timing of cues, and time window for successful completion.

Additionally, the undesired end state should be included in the definition.

Further discussion on how and what to consider in the definition of the HFE is presented in
Section 4.2. The identification and definition is an iterative process and is included here for
completeness for the reader.

3.6 Initial Assessment of Feasibility

Once the operator action has been identified and the HFE defined, the HRA analyst needs to
initially determine if the HFE is feasible. If it is not feasible the HEP should be set to 1.0. In this
stage of the HRA analysis, the goal of the preliminary feasibility assessment is to identify those
actions that should not be credited, ultimately reducing the total number of HFEs requiring
further analysis. After the preliminary results have been incorporated into the model, additional
resources can be used to re-asses actions that were previously considered not feasible. There will
always be cases in which, with enough information, the HRA analyst could make an argument
that an action is feasible even though the initial information suggests that the action will be
extremely difficult or vice versa. To initially determine the feasibility the following information
should be addressed qualitatively and early in the HRA task to avoid unnecessary analysis:

What are the critical operator tasks required for success? Based on the procedure review
during the identification step, the HRA analyst should know how the operators are going to
diagnose the need for the action (for example, the action is proceduralized in the fire
procedures or EOPs, or there are several control room alarms) and what types of tasks are
involved in its execution (e.g., if the operator has to turn two local valves 600 times or has to
start a pump from the control room). The identification of the critical tasks required for
success may not include sufficient information to qualitatively determine feasibility, but this
identification, in combination with the following additional items, should be sufficient to
initially verify feasibility.

Is the location where the action is accomplished accessible? If any of the critical tasks are
required in the same location as the fire, or it is known that the operators will not be able to
reach the location(s) due to the fire, then the HEP should be set to 1.0.

Sufficient time to complete the action. The analyst should ensure there is sufficient time
available to complete the action. If there is not, then the HEP should be set to 1.0. This item
involves determining both the total time required to accomplish the action and the time
available. The total time required for the action consists of the amount of time required for
diagnosis and the amount of time required for execution (including transit time). The total
time required must not exceed the total time available to complete the action. The total time
available can be an estimated based on thermal-hydraulic calculations or by engineering
judgment early in the overall NUREG/CR-6850 quantification tasks.
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o Is there enough staff available to complete the action? If there are not enough crew
members available to complete the action (the number of people required for each task
exceeds the crew available), then the HEP should be set to 1.0.

e Has the fire impacted equipment such that required critical tasks can not be
performed? This item includes the instrumentation and/or alarms used as the cue(s) for the
operator response, or if the component that is to be manually started/stopped/re-aligned is
damaged by the fire. If the fire has damaged the equipment such that it will not function even
if the operator takes the appropriate action, then the HEP should be set to 1.0. For example,
if the auxiliary feedwater pump is affected by fire then the operator will not be able to restore
the pump locally. Any one of the above criteria could provide sufficient information to
determine if the action is not feasible. For example, the action requires the operators to
locally disconnect two breakers in the same room where the fire is occurring. However, more
often, if all of these items are considered collectively it becomes obvious that this HFE is not
feasible.

In the identification and definition stage, the entire narrative and detailed information about each
PSF may not yet be known, but consideration of the above should allow the HRA analyst to
make a preliminary qualitative assessment about feasibility. The feasibility step is not unique in
the identification and definition stage, but this process is iterative - as more information is known
about the HFE, the feasibility could be re-assessed (see Sections 4 and 5).

3.7 HRA/PRA Modeling

Once human failure events (HFEs) have been identified and defined, they can be incorporated
into the PRA model. Task 5 step 1.3 of NUREG/CR 6850 [1] provides the following guidance on
incorporating HFEs into the fire PRA model. During the early phases of the model development
process, the model configuration setting function of the quantification tool can be used to
temporarily assign a value of 1.0 or TRUE for surrogate events in the model. Surrogate events
are typically existing human failure events in the Internal Events logic model. New fire-specific
human failure events may have to be added to the logic models based on actions specified in

the fire procedures. During the final stages of the model development process, unscreened
fire-induced human failure events will be explicitly incorporated into the logic models. The
fire-induced human failure basic events will be conditional on the appropriate fires.

Refinements to these HFEs are likely to occur as other HRA tasks are performed, especially
qualitative analysis (e.g., review of relevant procedures) and quantitative analysis tasks. In
deciding which actions to credit initially, the analyst may choose to perform some sensitivity
analyses to determine if such actions need to be credited in the fire PRA by using the current
internal events PRA (or during the development of the fire PRA model) or by setting the HEPs to
a value provided by the screening, scoping or detailed assessment methods. It is recommended
that all actions treated in the internal events PRA and those necessary to achieve safe shutdown
in fire procedures be included in the fire PRA.
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HRA analysts should use existing guidance on the interface between the HRA and PRA tasks,
including how HFEs are modeled and placed into PRA logic models. For example, in Section
5.2.3.1 of NUREG-1792 [3], it is recommended that HFEs “...be placed in proximity ...to the
component, train, system, and function affected by the human failure event.” Also, in Section
3.9.2 of NUREG-1624 [4], it is recommended that the need for altering the PRA logic model in
order to accommodate HFEs, especially errors of commission (such as undesired responses to
spurious indications) may be needed, especially if the HFEs only occur in very specific contexts.
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4

QUALITATIVE ANALYSIS

4.1 Introduction

All HRA methods require a qualitative analysis prior to quantification. In the SHARP1 process,
[1] this analysis is embedded in the identification and definition step and, in ATHEANA, [2] it is
considered explicitly. For fire HRA, the qualitative analysis involves defining the HFE narrative
in the context of the fire PRA and developing an understanding of Performance Shaping Factors
(PSF). Qualitative analysis is needed as input to the quantification. This report addresses two
approaches to non-screening quantification, either a scoping approach, or a detailed analysis.
Both quantification approaches need qualitative analysis, but the level of detail required for a
given HFE differs depending on whether a scoping or a detailed approach to quantification is
used. This section includes an overview of the issues that are to be considered in performing a
fire HRA. It is based upon guidance in the ASME PRA standard [3], SHARPI [1], ATHEANA
[2] and NUREG 1792 [4]. It is important that this section be reviewed prior to performing the
fire HRA, whether using the scoping or a detailed approach. The information in this section will
provide a useful understanding of the issues associated with the fire context and will support the
specific qualitative analysis required for quantification. Specific guidance for addressing these
fire context issues during quantification are provided in the relevant sections, but the information
in this section establishes a knowledge base that is important for thoughtful application of the
quantification approaches.

4.2 HFE Narrative

Accident sequence (preceding functional failures and successes)

Timing information

Accident-specific procedural guidance

Availability of cues and other indications for detection and evaluation of errors
Preceding operator errors or successes in sequence

Operator action success criteria

Nk L =

Physical environment

For existing internal events HRAs, much of their definitions will remain unchanged for the fire
HRA; however, these definitions should be verified to ensure that all PSFs are accounted for
appropriately in the context of fire. Additionally, the scoping approach to quantification and the
EPRI method both assume that the internal events HRA meets Capability Category II. This
assumption should also be verified before additional analysis is performed. For new actions
identified by the fire HRA, each HFE must be defined to this level of detail regardless if the
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action is risk significant or non-risk significant in order to meet ASME standard requirements
HR-F2. [3]

4.2.1 Accident Sequence Preceding Function Failures and Success

For fire PRA, the initiating event is a fire that causes a reactor trip. The reactor trip can either be
caused by the fire itself or by fire-induced equipment failures that lead to initiators such as
LOOP, or LOCA from stuck open PORV, which will also lead to an automatic or manual trip the
reactor.

Following the reactor trip, functional failures and successes are identified to understand how all
the PSFs could impact operator performance. This step also identifies the operator action in the
context of the fire PRA. For existing EOP actions, the functional failures and successes will
typically follow those in the internal events PRA but need to be verified. The PRA analyst is not
always aware of the specific HRA details and they could unintentionally change the sequences
of events on which the internal events actions were based upon.

Identification of the accident sequence will also identify any potential dependencies among
HFEs.

4.2.2 Timing Information

In the “Identify and Define” step described in Section 3, the timing information was identified
such that a qualitative statement could be made about the feasibility of the action. Specifically,
the method simply asks, “Is there enough time to complete the action?” For quantification, the
following detailed timing information needs to be defined:

e the total time available — period from initiating event (usually reactor trip ) until an
undesired end state

e the time at which the cue for the action occurs relative to the initiating event
e the time it takes the operators to formulate a response (detect, diagnose, decide), and

e The time to execute the response, including time required to travel to a local area, if
necessary. This information needs to be defined in the context of the fire (see Section 4.3.2).
The total time available and the time at which the cue occurs are typically obtained from
thermal hydraulic analyses such as FSAR, MAAP calculations, or vendor specific studies.
The time it takes for operators to formulate and execute a response can be obtained from:
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— Plant specific demonstrations per the guidelines presented in Sections 4.3.2 and 5.2.2
— Plant specific simulator data

— Plant specific operator interview

— Job performance measures (JPMs; for actions outside control room)

— Estimation

Usually, combinations of the above approaches will need to be used to obtain as realistic
estimates as possible.

For existing EOP actions, the timing information may be similar to the internal events PRA
but may need to be adjusted to account for fire impacts such as:

e Delays in implementing EOP procedures due to first implementing Fire procedures
e Increases in manipulation time due to additional work load
¢ Increase in cognitive response due to misleading or unclear indications

e Increases in manipulation time due to additional travel time for local actions.

4.2.3 Accident Specific Procedural Guidance

For each HFE, the procedural guidance needs to be identified. This guidance includes not only
identifying the procedures but also identifying how the operators will arrive at the specific
procedure step. For fire PRA, there may be procedural guidance in both the Fire procedures
and the EOPs. If the procedural guidance is unavailable, then the HFE can still be developed
into an HEP by using the requirements of the ASME PRA Standard high level and supporting
requirements of HR-H. This section invokes additional requirements and justification in order
to be a credible story for success of this action.

4.2.4 Availability of Cues and Other Indications for Detection and Evaluation
Errors

The cues should be defined at a functional level as well as the specific components required.

The definition includes how the instrumentation is impacted by fire. Secondary cues that could
impact recovery are also to be identified. In fire scenarios, it should be confirmed if the cues and
indications that are credited for the relevant internal events operator actions are still valid. Note
the fire impact may directly affect the cues and instrumentation. The deterministic safe shutdown
analysis typically provides for at least one safe shutdown path. For fire scenarios where all
redundant trains are failed, then the HEP is initially set to 1.0.

4.2.5 Preceding Operator Errors or Successes in Sequence

Preceding operator errors or success are defined in order to understand the workload, and
potential stress levels. They also aid understanding of the procedural paths followed by the
operators. This definition is done by review of the event trees and fault trees and may require
interaction with the FPRA analyst. For fire response actions, the HRA analyst will need to work
with FPRA analyst to ensure that the fire response actions are incorporated appropriately.
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4.2.6 Operator Action Success Criteria

The specific operator actions required for success needs to be defined. This includes identifying,
the sub-tasks, the locations of each sub-task, who (STA, local operator, control room operator)
will perform each sub-task and any potential recoveries.

4.2.7 Physical Environment

The fire could have significant impact on the physical environment in which the operator actions
are being performed. The fire location must be identified and any changes to the operators’ work
environment must be considered. For example, the fire location may require the operators to take
a detour when performing local actions, or the actions may require that the operators wear SCBA
gear.

4.2.8 Fire PRA Context

Each of the above categories can be defined in various levels of detail depending on what is
required in the fire PRA task. For example, in Task 7a of NUREG/CR-6850, [5] each fire area

is quantified for complete room burn-up. At this stage of the fire PRA development, screening
values such as those provided in NUREG/CR-6850 [5] would be applicable since the purpose of
Task 7a is to screen out fire compartments based on quantitative screening criteria. Additionally,
the fire response scenarios may not be fully defined such that a complete detailed HRA analysis
cannot be performed. For example, the detailed timing information will come from Task 8 which
may or may not be completed yet. Finally, as the fire PRA model is developed, the specific
sequences of events may change.

When a room is completely burned up, any instrumentation located in the fire area being
quantified is assumed failed (unless it is known to be protected) and thus any HFE requiring this
instrumentation should be assumed failed. Additionally if the HFE requires a local action be
performed in the fire location the HEP should be set to 1.0.

Starting in task 8 up through the early quantification of Task 11 of NUREG/CR-6850, [5] for
potentially risk-significant compartments, a scoping approach is used for quantification. A
scoping analysis for HRA quantification is considered more detailed than NUREG/CR-6850
screening but less detailed than a complete HRA. At this stage of the FPRA development, many
HFEs have not been screened out and performing a detailed analysis could be very resource
intensive since, as the fire PRA is further refined, more HFEs will be screened out.

HFEs required for final quantification in Task 12 of NUREG/CR-6850 [5] must be defined in the
greatest level of detail since these HFE are potentially risk significant to the fire PRA. Cues and
indications must be clearly identified and their fire impacts clearly understood. The timing
information must be plant specific and verified by simulator or plant walk-downs, the preceding
operator successes and failures must be identified and any potential recoveries identified.
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4.3 Performance Shaping Factors (PSF)

Performance shaping factors (PSFs) are interdependent and their impact on the human error
probability is complicated. However, for practical analysis, the PSFs are often treated
independently and are discussed as such below. The purpose of this section is to describe which
PSFs need to be addressed for fire HRA. This discussion is intended to provide understanding
and support (an important knowledge base) for the specific treatment of PSFs included in the
scoping and detailed HRA methods. This section provides an overview of what to consider for
fire HRA. In many cases, the same guidance for internal event events can also be applied to fire
and is reproduced here for clarification. The implementation of these PSFs is discussed within
the appropriate section for quantification. (Scoping is addressed in section 5.2 and the section
C-7 for the EPRI approach) The following is a listing of the PSFs to consider for fire HRA:

e Cues and Indications

e Timing

e Procedures and Training

e Complexity

e Workload, Pressure, and Stress
e Human Machine Interface

e Environment

e Special Equipment

e Special Fitness Needs

¢ Crew Communications, Staffing and Dynamics

This list is a combination of PSFs listed in NUREG/CR-6850, NUREG-1792, NUREG-1852,
and the PRA Standards [3-6].

4.3.1 Cues and Indications

Cues and indications are necessary because all required operator actions are predicated on them.
Without cues or indications, the operators have no prompts that some action is required, and
hence no operator action can be credited.

In fire scenarios, it must be confirmed that the cues and indications, which are credited for the
relevant internal events operator actions, are still valid. For example, an operator action credited
in response to certain indications in the internal events PRA may not be credible anymore if
either (1) the indications are impacted by the fire, or (2) the associated instrumentation cable
routing is unknown. To still be able to credit such actions, it must be shown that there are either
(1) alternative (redundant or diverse) indications that are not impacted by the same fire, or (2)
that the minimum required instrumentation is sufficiently protected and procedurally identified
as such. [7] lists the minimum instrumentation required to be protected, which includes:
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e diagnostic instrumentation for shutdown systems,
e level indication for all tanks used,
e pressurizer (PWR) or reactor water (BWR) level and pressure,

e reactor coolant hot-leg temperatures, or core exit thermocouples, and cold-leg temperatures
(PWR),

e steam generator pressure and level (wide range, PWR),
e source range flux monitor (PWR),
e suppression pool level and temperature (BWR), and

e emergency or isolation condenser level (BWR).

For fire HRA, it can be assumed for the instrumentation listed above that there will always

be a minimum set of instruments available. However, protection of one train of instrumentation
does not necessarily mean that the operators will know which train to use. The system by which
the operators identify the protected trains should be verified during operator walkthrough or
talk-throughs.

NUREG-1792 [4] notes that, in the internal events HRA, it is often assumed that the cues and
indications are adequate because of the redundancy and diversity in a typical control room.
However, in scenarios where redundancy and/or diversity could be impacted, such as loss of
DC or fire, this assumption must be verified.

NUREG-1852 [6] notes that, in addition to the SSCs needed to directly perform the desired
function, instrumentation and cues needed to provide diagnostic indications (either EOOs or
EOCs) relevant to the desired operator manual actions. These indications, to the extent required
by the nature of the operator manual action, may be needed to (1) enable the operators to
determine which manual actions are appropriate for the fire scenario, (2) direct the personnel
performing the manual actions, and (3) provide feedback to the operators, if not already directly
observable, to verify that the manual actions have had their expected results and the manipulated
equipment will remain in the desired state.

Spurious indications are of special concern in fire scenarios, because they can cause confusion
or even prompt the operators to take an inappropriate action. Indications that are not verified for
validity could prompt the operators to perform an inappropriate action if a spurious indication
appears to be valid within the context of the scenario. Spurious indications that are clearly out
of the scenario context would likely be identified as invalid by operators, given an awareness of
potential erratic instrumentation behavior as a result of the fire. For example, spurious high
temperature readings from core exit thermocouples in a PWR would be identified as invalid if
(1) there had not been a trend of increasing temperature, (2) hot and cold leg temperatures are
constant, and (3) subcooling margin indications are constant.
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Identification of the invalid indications will add to the time required to perform necessary actions
and, at worst, cause the operators to not take appropriate actions or perform procedure-directed
actions under the wrong circumstances or at the wrong time. For example, if the operator follows
procedure in response to a spurious high-temperature alarm and shuts down an otherwise
operable pump because of the spurious indication. Consideration must be given to the spurious
events and their effects that could happen with each postulated fire and how they might affect
subsequent operator performance relative to the HFEs being analyzed.

Analysts sometimes justify not modeling potential EOOs or EOCs on the basis that operators
would be able to identify invalid indications based on the context (as noted above). Such
arguments must be well documented and confirmed by appropriate plant staff (e.g., operators
and trainers).

For MCR abandonment actions, it is likely that the crew will have limited familiarity with the
ex-CR panels and how cues for actions are presented. Furthermore, the human-machine interface
of these panels may not be as good as in the MCR. These issues must be considered in evaluating
the adequacy of relevant cues for post-MCR abandonment actions. In addition, in cases of MCR
abandonment or use of alternate shutdown approaches, the general effects of crews no longer
having access to all the information in the MCR needs to be evaluated.

4.3.2 Timing

Timing is one of the more important PSFs and needs to be considered up front to determine the
feasibility of a postulated operator action. An operator action is considered feasible if the time
available exceeds the time required. In Section 3, an assessment of its feasibility was used as an
initial basis for deciding whether to even model an action. In Section 5, demonstrating the
feasibilities of the actions being modeled is a key aspect of the scoping quantification approach.
While the more detailed HRA methods discussed in Appendices C and D may not explicitly
address feasibility, the timing issues discussed in this section are also relevant to those
approaches.

In determining feasibility the time available is typically derived from thermal-hydraulic studies
and is the period from the initiating event (fire induced reactor trip) until an undesired or
irreversible plant damage state is reached, e.g., core damage. NUREG-1852 [6] suggests that
time available should consider unique fire-specific uncertainties such as (1) nature of the fire
(fast or slow), (2) fire detector response times, and (3) air flows that can impact fire growth.
However, because fire detection and suppression in NUREG/CR-6850 [5] is based on empirical
non-suppression data curves, these factors are implicitly accounted for and need not be
considered explicitly in the fire HRA.

The time required considers three aspects:

1. the time at which the cue occurs relative to the initiating event
2. the time it takes the operators to formulate a response (detect, diagnose, decide) and

3. the time to execute the response including time required to travel to a local area, if necessary.
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The time it takes to formulate and execute a response is not easily measurable. It is not as simple
as watching an operator perform an action in ideal conditions with a stop watch to determine the
time required to perform the act. Only when the sequence context is considered holistically with
the interfacing PSFs can more meaningful “times” be estimated. Thus, to demonstrate the
feasibility of HFEs modeled in the fire PRA, the actions should be walked through and timed
under as realistic circumstances as possible.' For example, if personnel would need to wear
SCBAs to perform an action in a fire scenario, then they should wear the gear when an estimate
of the time to diagnose and complete the action is obtained. For fire scenarios, even simple MCR
actions may need to be simulated to some extent in order to get realistic estimates of required
times. However, it is clearly not possible to simulate all potential conditions during a fire that
could affect the time to diagnose and perform an action, so some judgments about the time
required given the expected conditions will have to be estimated. For use in the HRA scoping
quantification approach described in Section 5, a time margin (the difference between the
available and required time) is used to account for the uncertainties associated with fire
conditions that could impact the time required to complete an action. Time margins and
demonstrating feasibility consistent with the guidance from NUREG-1852 [6] are discussed

in more detail in Sections 5.2.2 and 5.2.3.

NUREG-1792 [4] and NUREG/CR-6850 [5] point out that timing can be influenced by many
other PSFs. In particular, the time to perform an action is a function of (at least) the following
factors that could be impacted by fire.

e Crew

e Cues

¢ Human Machine Interface

e Complexity of action involved

e Special Tools or Clothing

e Diversions and other concurrent requirements
e Procedures

e Environmental conditions

" The PRA standard ASME/ANS RA-Sa — 2009 item HR-G5 discusses basing the “required time to complete actions
on action time measurements in either walkthroughs or talkthroughs of the procedures or simulator observations”
to meet Capability Categories II and III. Just prior to the issuance of this draft, a point was made by the PWR
owner’s group regarding the extent of credit that can be taken for talkthroughs due to issues involved in scheduling
walkthroughs or simulator exercises with operator crews. Since the scoping approach was developed based on the
assumption that walkthroughs would be performed, a further analysis will need to be conducted by the Guidelines
team to re-evaluate how the use of talkthroughs would impact the use of the scoping approach HEPs. This will be
initiated concurrent with the public review and comment period.
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NUREG/CR-6850 [5] provides the following examples of how the overall estimates of the time
available and time needed to complete the desired action can be influenced by other PSFs during
a fire:

e A spurious closure of a valve used in the suction path of many injection paths may need
quick detection and response by the crew.

e Use of less familiar or otherwise different procedure steps and sequencing could change the
anticipated timing of actions in response to a fire.

e Interfacing with the fire brigade may delay performing some actions.

e The desired actions may be more complex and/or lead to increased workload relative to the
internal events response (e.g., disable an equipment item before repositioning it, as opposed
to simply repositioning it during an internal event).

e Accessibility issues, harsher environments, and/or the need for other special tools may
impact the overall timeline of how quickly actions normally addressed in response to internal
events can be performed under fire conditions.

e Potential fire growth and suppression could alter equipment failure considerations from those
considered for internal events.

For MCR abandonment actions or alternative shutdown approaches, enough time must be
allowed for the operators to perform the required actions to achieve and maintain hot shutdown
from an alternate shutdown location(s) or panel(s). Included in this required time is an allowance
to reach the required destination, diagnose the problem, and execute the required solution.
Uncertainties in other factors that could affect completion of the actions within the time available
(such as the environmental conditions discussed below and elsewhere in this document) must be
considered in determining the HEPs.

Demonstrating Feasibility and the Use of Time Margins

As discussed above, demonstrating feasibility involves showing that a given action or set of
actions can be diagnosed and executed within the available time. To support HRA quantification,
particularly the scoping quantification approach described in Section 6, it is important that
estimated action times are based on a demonstration of the action or set of actions that is as
realistic as possible. Time-authenticated demonstrations of the actions, involving actual
execution of the actions to the extent possible, are an important requirement of the approach.

In performing a demonstration, the times for both diagnosis and execution, once the relevant
cues for the action occur, need to be determined. There are a number of activities that may
influence the time to respond, such as:

e MCR staff obtaining the correct fire plan and procedures once the fire location is confirmed

e MCR staff informing the plant staff of the fire and calling for fire brigade assembly and
actions

e MCR staff alerting and/or communicating with local staff responsible for completing various
actions

e MCR staff providing any specific instructions to the responsible local staff for the actions
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e having the local staff collect any procedures, check out communications equipment and
obtain any special tools or personnel protective equipment necessary to perform the actions

e performing the actions wearing SCBAs or personnel protective clothing
e traveling to the necessary locations

e implementing the desired actions. It should be noted that some actions may have to be
coordinated or done sequentially [i.e., cannot start until prior actions are completed and the
MCR staff or others are informed, who also may be dealing with the fire brigade and
handling multiple procedures (EOPs and Fire procedures)]

e informing the MCR staff and others as necessary that the actions have been successfully
completed and the desired effect has been achieved.

Given the range of factors that can influence the time to complete an action, to the extent
possible, the conditions under which the diagnosis and execution will have to occur should be
included in the demonstration to determine feasibility. However, there are a number of other
situations or factors in the fire context that may be very difficult to recreate. Examples include:

e The operators may need to recover from/respond to difficulties such as problems with
instruments or other equipment (e.g., locked doors, a stiff handwheel, or an erratic
communication device). Such difficulties can and sometimes do happen and represent
an uncertainty in how long it will take to perform an action.

e Environmental and other effects might exist that are not easily simulated in the
demonstration, such as:

— radiation. For example, the fire could reasonably damage equipment in a way that
radiation exposure could be an issue in the location in which the action needs to be taken,
causing the need to don personnel protection clothing (which takes extra time), but which
may not be included in the demonstration.

— smoke and toxic gas effects. These are not likely to be simulated in a demonstration, but
in a real fire where the manual action needs to be taken in a separate room near the fire
location, there may be smoke and gas effects that could slow the implementation time for
the action although wearing SCBAs could be simulated.

— increased noise levels from the fire fighting activities, operation of suppression
equipment, or personnel shouting instructions

— water on the floor possibly delaying the actions
— obstruction from charged fire hoses

— heat stress which requires special equipment and precautions or too many people getting
in each others’ way.

e All these effects may not be simulated in a demonstration, but should be considered as
possible, perhaps even likely, when determining the time that it may take to perform the
manual action in a real situation.
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e The demonstration might be limited in its ability to account for (or envelop) all possible fire
locations where the actions are needed and for all the different travel paths and distances to
where the actions are to be performed. A similar limitation is that the location or activities of
needed plant personnel when the fire starts could delay their participation in executing the
operator manual actions (e.g., they may typically be in a location that is on the opposite side
of the plant for a postulated fire location and/or may need to restore certain equipment before
being able to participate, such as routinely doing maintenance). [The intent is not to address
temporary/infrequent situations but to account for those that are typical and may impact the
timing of the action].

¢ It may not be possible to execute relevant actions during the demonstration because of
normal plant status and/or safety considerations while at power (e.g., operators cannot
actually operate the valve using the handwheel, but can only “talk-through” doing so).

In addition, there are a number of factors involving typical and expected variability among
individuals and crews that could lead to variations in operator performance (i.e., human-centered
factors), such as the following examples:

e physical size and strength differences that may be important for performing the actions
e cognitive differences (e.g., memory ability, analytic skills)
e different emotional responses to the fire/smoke

e different responses to wearing SCBAs to accomplish a task (i.e., some people may be more
uncomfortable than others with a mask over their faces, thus affecting action times)

e differences in individual sensitivities to “real-time” pressure

It should be noted that, given the likely experience and training of plant personnel performing
the actions, it need not be assumed that the above characteristics would lead to major delays in
completing the actions. However, their potential effects should be considered in the specific
fire-related context of the actions being performed, to confirm this assumption.

The point above is that, although good demonstrations are important for demonstrating
feasibility, there are many factors in fire scenarios that could affect the time required to perform
the actions that may not be explicitly addressed. Thus, although a reasonable demonstration can
provide confidence that the action is feasible under the assumed conditions, it is necessary to
show that there is some time margin available in order to have confidence that factors not
observed during simulation would not usually prevent the action from being completed. When
using the HRA scoping quantification approach in Section 5, in addition to meeting certain
criteria with respect to particular PSFs, analysts will be asked whether the action being
quantified has been demonstrated to be feasible and whether there is a time margin available to
account for unexpected influences on action completion times, such as those described above.
Different HEPs will be assigned based on the size of the time margin (e.g., 50% or 100%) and on
other factors addressed in the scoping analysis flow charts. Thus, analysts will need as realistic
estimates of the time margins as possible, or at least acceptable conservative estimates of the
time margins. Guidance for demonstrating the feasibility of the relevant actions is provided in
Section 5, based on the guidance in NUREG-1852 [6] for demonstrating the feasibility of
operator manual actions.
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4.3.3 Procedures and Training

As stated in NUREG-1852 [6] there are three roles of plant procedures, which can aid successful
operator performance during a fire:

1. The procedures can assist the operators in correctly diagnosing the type of plant event that
the fire may trigger (usually in conjunction with indications), thereby permitting the
operators to select the appropriate operator manual actions.

2. The procedures direct the operators to the appropriate preventive and mitigative manual
actions.

3. The procedures attempt to minimize the potential confusion that can arise from fire-induced
conflicting signals, including spurious actuations, thereby minimizing the likelihood of
personnel error during the required operator manual actions.

As stated in NUREG/CR-6850, [5] depending on the fire, the operators may need to use other
procedures or controls than EOPs typically used in response to internal events. Implementing
unfamiliar or multiple procedures simultaneously could lead to confusion. In some cases,
especially for some ex-CR actions, procedures might not exist or be readily retrievable, or
ambiguous in some situations. The analyst must check the adequacy and availability of these
other procedures that would be needed to address the fires modeled in the fire PRA. Obviously,
the amount of training the crews receive on implementing the procedures and the degree of
realism will be a critical factor.

For fire HRA, talk-throughs with operations and training staff can be very helpful in uncovering
difficulties in using the relevant procedures. In contrast to EOPs, the fire response procedures are
not always standardized and their use is sometimes at the discretion of the shift supervisor.
Understanding when and how the procedures are implemented will drive other PSFs such as
timing, cues and indications, workload, stress, and complexity.

Should any fire response actions be required that are not proceduralized, the fire HRA should
not take credit for them as a first approximation. Non-proceduralized recovery actions are to
be credited on an as-needed basis. As the FPRA is further developed, there may be a desire to
credit non-proceduralized actions. These cases could be considered, provided that following
requirements Supporting Requirement HR-H?2 of the ASME Standard [3] are met:

CREDIT operator recovery actions only if, on a plant-specific basis, the following occur:

(a) a procedure is available and operator training has included the action as part of crew’s
training, or justification for the omission for one or both is provided

(b) “cues” (e.g., alarms) that alert the operator to the recovery action provided procedure,
training, skill-of-the-craft exist

(c) attention is given to the relevant performance shaping factors provided in HR-G3

(d) there is sufficient manpower to perform the action

For fire HRA, item (b) is especially important. It must be known that the cue will be unaffected
by the fire. Additionally, it must also be known that:
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e There is enough time for the operators to diagnosis and perform the tasks

e There are enough crew members available, in many instances some of the operators will be
assigned to the fire bridge and unable to assist. The location of the fire will not prevent the
operators from performing the tasks.

Like procedures, training for both control room and local actions is an important factor when
assessing operator performance. As stated in NUREG- 1852, [6] training supports three functions
for operator performance during a fire:

1. Training establishes familiarity with the Fire procedures and equipment needed to perform
the desired actions, as well as, potential conditions in an actual event,

2. Training provides the level of knowledge and understanding necessary for the personnel
performing the operator manual actions to be well prepared to handle departures from the
expected sequence of events, and

3. Training gives the opportunity to personnel to practice their response without exposure to
adverse conditions, thereby enhancing confidence that they can reliably perform their duties
in an actual fire event.

For internal events HRA, typically operators can be considered “trained at some minimum
level” to perform their desired tasks. But for fire HRA, the crew’s familiarity and level of
training (e.g., types of scenarios, frequency of training or classroom discussions and/or
simulations) for addressing the range of possible fire complications and potential actions to be
performed may be less than for internal events. "Less familiarity" needs to be accounted for in
assessing the impact of training for fire actions and in determining their HEPs. Training on fire
PRA scenarios can often offset the effects of other negative PSFs such as poor procedures,
limited time available, cues and indications, and complexity.

An especially important concern is the decision of “if and when” to leave the MCR. The
procedural guidance, training received, and the explicitness and clarity of the criteria for
abandoning the MCR must be considered. Guidance for addressing these issues relative to the
scoping approach is provided in Section 5.2.9. This concern is an area of uncertainty since there
are typically no clear decision criteria for abandonment; it may be at the discretion of the shift
supervisor. The decision to leave the MCR and the timeliness in which this decision is made can
have serious ramifications. Problems leading to a higher likelihood of failure to reach safe
shutdown can arise if the crew delays too long in leaving or if they leave too quickly. Decisions
about how to model the decision to leave the MCR will depend on the impact of early or late
abandonment. Discussions with those responsible for making the decision to abandon the MCR
under various conditions and information on how they are trained and experiences they have had
related to abandoning the MCR will be critical to determining appropriate HEPs.

4.3.4 Complexity

As stated in NUREG-1792, [4] the PSF complexity attempts to measure the overall complexity
involved for the situation at hand and for the action itself (e.g., many steps have to be performed
by the same operator in rapid succession vs. one simple skill-of-the-craft action). Many of the
other PSFs bear on the overall complexity, such as the need to decipher numerous indications
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and alarms, the presence of many complicated steps in a procedure, or poor human-machine
interface. Nonetheless, this factor also captures “measures,” such as the ambiguity associated
with assessing the situation or in executing the task, the degree of mental effort or knowledge
involved, whether it is a multivariable or single-variable task, whether special sequencing or
coordination is required in order for the action to be successful (especially if it involves multiple
persons in different locations), whether the activity may require very sensitive and careful
manipulations by the operator. The more these “measures” describe an overall complex situation,
this PSF should be identified as a negative influence. To the extent these “measures” suggest a

simple, straightforward, unambiguous process (or one that the crew or individual is very familiar
with and skilled at performing), this factor should be found to be nominal or even ideal (i.e.,
positive influence).

For local and MCR abandonment actions, the crew may be required to visit various locations and
as the number of location increase the complexity of the situation is increased. Adding to this
complexity is the extent to which multiple actions must be coordinated. The number and
complexity of the actions and the availability of needed communication devices should be
accounted for.

4.3.5 Workload, Pressure, and Stress

Although workload, pressure, and stress are often associated with complexity, the emphasis here
is on the amount of work that a crew or individual has to accomplish in the available time (e.g.,
task load), along with their overall sense of being pressured and/or threatened in some way with
respect to what they are trying to accomplish (see Swain and Guttmann [8] for a more detailed
definition and discussion of stress and workload). To the extent that crews or individuals expect
to be under high workload, time pressure, and stress, it is generally thought to have a negative
impact on performance (particularly if the task being performed is considered complex).

However, the impact of these factors should be carefully considered in the context of the
scenario and of the other PSFs thought to be relevant. For example, in internal events HRA, if
the scenario is familiar, its procedures and training are very good, and if the crews usually
implement their procedures within the available time, then analysts might decide that relatively
high expected levels of workload and stress will not have a significant impact on performance.
However, for fire HRA, if the scenario is unfamiliar, the procedures and training for the fire
scenario are only considered adequate, and the time available to complete the action has been
shortened due to fire, the analyst may decide that stress will have a significant impact on
performance.

For local and MCR abandonment actions, there is the potential for high time pressure to reach
the necessary locations and perform the appropriate actions. An important consideration in the
performance of these actions is the extent to which multiple actions need to be coordinated or
sequentially performed and, as discussed above, the available time as perceived by the operators.
The hazards associated with performing the actions will also be relevant.
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For HRA methods that categorize stress into different levels such as low, moderate, and high, a
new highest level of stress may want to be considered for fire HRA. This higher stress level
recognizes the potential for larger combinations of negative PSFs that could occur during a fire
and increase the stress above what is considered high stress for internal events HRA.

4.3.6 Human Machine Interface

Human Machine Interfaces (HMI) impact operator performance differently depending on the
location of the action. In general, NUREG-6850, NUREG-1852, and NUREG-1792 [4-6] all
agree that, for control room actions, the human machine interface (HMI) will have minimal or
positive effect on the human performance. This minimal effect recognizes that problematic HMIs
have either been taken care of by control room design reviews and improvements or they are
easily worked around by the operating crew due to the daily familiarity of the control room
boards and layout. However, any known very poor HMI should be considered as a negative
influence for an applicable action even in the control room. For control room actions for fire
HRA, the human machine interfaces will remain similar to internal events with the exception

of potential impacts on instrumentation.

For local actions, the HMIs can have potentially large impacts on operator performance during a
fire. Local actions may involve more varied (and not particularly “human-factored”) layouts and
require operators to take actions in much less familiar surroundings and situations. Thus, any
problematic HMIs can be an important negative factor on operator success. For instance, if
access to a valve requires the operator to climb over pipes and to turn the valve with a tool while
in an awkward position, or in-field labeling of equipment is in poor condition and could lengthen
the time to find the equipment, then such “less ideal” HMIs could be a negative performance-
shaping factor. In contrast, if a review reveals no such problematic interfaces for the act(s) of
interest, this influence can be considered adequate, or even positive if the interface helps ensure
the appropriate response in some way.

Local actions that require the use of equipment that has been damaged such that manipulation
could be difficult or unlikely to succeed should not be credited in the PRA. For example, the fire
modeling and electrical evaluation defines a scenario as a hot short on a control cable that causes
a valve to close and drive beyond its seat, possibly making it impossible to open manually.

For control room abandonment or alternative shutdown actions, the adequacy of the remote
shutdown and local panels needs to be verified. These scenarios are typically not modeled in the
internal events PRA and the shutdown panel and related interfaces are plant specific and design
reviews and improvements have not always been completed. Additionally, the operators are not
as familiar with the panel layout as they are in for control room scenarios.

HMI PSFs need to be considered in combination with other PFSs. NUREG-1852 [6] does not
explicitly discuss the HMI, but it does reference NUREG-0711, “Human Factors Engineering
Program Review Model,” [9] in the context of environmental conditions and communications

in so far as that the HMI should support operator actions under a full range of environmental
conditions and the level of communication needed to perform the task. It notes that “when
developing functional requirements for monitoring and control capabilities that may be

provided either in the control room or locally in the plant, the following...should be considered:
...communication, coordination...workload [and] feedback.” Examples cited include
“loudspeaker coverage...page stations...personnel page devices suitable for high-noise or remote
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areas [and] communication capability...for personnel wearing protective clothing [such as] voice
communication with masks....” All of these factors can bear on the likely success of operator
actions and need to be evaluated in assessing the time to respond in performing demonstrations
for feasibility.

4.3.7 Environment

If the fire does not directly impact the control room, the environmental conditions inside the
control room are not usually relevant to success of operator actions since they rarely change
control room habitability. However, if the fire directly affects the MCR either by smoke, the
introduction of toxic gases, or fire damage and requires the control room to be abandoned,
environmental conditions need to be considered as negative impacts to the crew’s success.

For local actions, environmental conditions could be an important influence on the operator
performance. Radiation, lighting, temperature, humidity, noise level, smoke, toxic gas, even
weather for outside activities (e.g., having to go on a potential snow-covered roof to reach the
atmospheric dump valve isolation valve) can be varied and far less than ideal. Fires can introduce
additional environmental considerations not normally experienced in the response to internal
events. These considerations include heat, smoke, the use of water or other fire-suppression
agents or chemicals, toxic gases, and different radiation exposure or contamination levels. Any
or all of these considerations may adversely impact the operator actions in the locations where
the actions are to be taken and along access routes.

During a fire, there is the potential that the crews ideal travel path to the action location will

be blocked by the fire and will lead to a delay or inability to reach the action location. Where
alternate routes are possible, the demands associated with identifying such routes and any extra
time associated with using the alternate routes should be factored into the analysis. Pursuant to
NUREG/CR-6850, [5] if the action is required to be performed in the same location as the fire,
the action should not be credited in the fire PRA.

4.3.8 Special Equipment

Due to varying environmental conditions during a fire, the crew may require the use of special
equipment. These items, identified in NUREG-1852 [6] as portable equipment can include: keys,
ladders, hoses, flash lights, clothing to enter high radiation areas, and fire special protective
clothing and breathing gear. The accessibility of these tools needs to be checked to ensure that
they can be located and would be accessible during a fire. Furthermore, the level of familiarity
and training on these special tools needs to be assessed. Equipment tends to be more important
for success of local fire actions than control room actions.

Abandoning the MCR might also call upon the need to don protective gear or self contained

breathing apparatus (SCBA). The hindrance of the special clothing on the operators’ actions
needs to be accounted for.
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4.3.9 Special Fitness Needs

According to NUREG/CR-6850, [5] the fire and its effects could cause the need to consider
actions not previously considered under internal events, or changes to how previously considered
actions are performed, checks should be made to ensure unique fitness needs are not introduced.
Unique fitness needs could include:

e Having to climb up or over equipment to reach a device because the fire has caused the
ideal travel path to be blocked.

e Needing to move and connect hoses, using an especially heavy or awkward tool.

e Physical demands of using respirators. Wearing a respirator could impact communication
as well.

4.3.10 Crew Communications, Staffing, and Dynamics

Crew Dynamics

Crew/team dynamics and crew characteristics are essential to understanding 1) how and where
the early responses to an event occur, and 2) the overall strategy for dealing with the event as

it develops. In particular, the way the procedures are written and what is (or is not) emphasized
in training can affect overall crew performance. The overall strategy may be related to an
organizational or administrative influence which can cause systematic and nearly homogeneous
biases and attitudes in most or all the crews. A review of team dynamics typically includes the
following, as described in NUREG-1792 [4].

e Are independent actions encouraged or discouraged among crew members? Allowing
independent actions may shorten response time but could cause inappropriate actions going
unnoticed until much later in the scenario.

e Are there common biases or “informal rules?” For example, is there a reluctance to do certain
acts, is there an overall philosophy to protect equipment or run it to destruction if necessary,
or are there informal rules regarding the way procedural steps are interpreted.

e Are periodic status checks performed (or not) by most crews so that everyone has a chance to
“get on the same page” and allow for checking on what has been performed to ensure that the
desired activities have taken place? In general, are there good communication strategies used
to help ensure that everyone stays informed?

e s the overall approach of most crews to aggressively respond to the event, including taking
allowed shortcuts through the procedural steps (which will shorten response times), or are
typical responses slow and methodical (“we trust the procedures” type of attitude), thereby
slowing down response times but making it less likely to make mistakes. In general, deciding
whether the crew characteristics have a positive or negative effect will be contingent on the
scenario being examined. For example, a particular bias may be very positive for some
scenarios, but not for others.

For fire HRA, the typical internal events crew dynamics may change as a result of responding to
a fire and need to be re-considered. For instance, the fire may create new or unique fire-related

responsibilities that have to be handled by a crew member. The use of plant status discussions by
the crew may be delayed or performed less frequently, allowing less opportunity to recover from
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previous mistakes. Such differences may be best determined by talk-through with operations
staff, as well as observing simulated responses of fire scenarios. The main goal of such an
analysis is to determine whether there are any particular crew characteristics or team dynamics
that could impact a given accident scenario and human action being addressed. Certain
characteristics may be fine for most scenarios, but could cause problems in others.

Crew Availability

Fire can introduce additional demands for staffing resources beyond what is typically assumed
for handling internal events. These demands can take the form of needing to use and coordinate
with more personnel to perform certain local (ex-CR) actions, as well as with the fire brigade
and/or local fire department personnel. According to NUREG-1792, [4] for control room actions,
the availability of staff is generally not an important consideration for internal event PRA since
plants are supposed to maintain an assigned minimum crew with the appropriate qualified staff
available in or very near the control room. One of the key assumptions in NUREG/CR-6850 [5]
is that even if one or more MCR persons are used to assist in ex-control room activities such as
aiding the fire brigade, the minimum allowable number of plant operators remains available.

For other ex-control room local actions, crew availability of staff can be an important
consideration particularly dependent on (1) the number and locations of the necessary actions,
(2) the overall complexity of the actions that must be taken, and (3) the time available to take
the actions and the time required to perform the actions.

For MCR abandonment actions or alternate shutdown actions, the crew will be dispersed

to various alternative shutdown panels and controls and this dispersal requires additional
coordination among all crew members. It must be assured that there are adequate control room
members necessary to fulfill the needs of proper shutdown actions from alternative and remote
shutdown panels.

Communication

For both internal events and fire HRA control room actions, communication among crew
members should be verified. Typically there will be an established strategy for communicating
within the control room that ensures that directives are not easily misunderstood. Do crew
members avoid the use of double negatives? It is expected that communication will not be a
problem; however, any potential communication problems (such as having to talk with special
air packs and masks on in the control room in a minor fire) should be accounted for if they exist.

For local actions, communication may be much more important because of the possibility of less
than ideal environment or situation. It should be understood how equipment faults caused by the
fire could affect the ability for operators to communicate as necessary to perform the desired
act(s). For instance, having to set up the equipment and talk over significant background noise
and possibly having to repeat oneself many times should be a consideration, even if only

as a possible “time sink™ for the time to perform the act. For fire conditions, the necessary
communication devices to carry out the desired actions may or may not be available. For
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example, the plant loudspeaker coverage may be disabled due to the fire. In addition, the
operators’ level of familiarity and training to use any special communication devices needs to be
assessed. There is also the potential for the crew to need respirators and communicating through
these devices can be difficult.

Following MCR abandonment, the location of remote and alternate shutdown panels and the
required related actions may be in a variety of places, the ability to communicate between
different places should be considered and adjusted for. Furthermore, if it is required that SCBA
be worn, this apparatus might interfere with clarity in communications between the team. The
ability for operators to communicate with each other during the initiation and execution of the
tasks and after their completion is critical.

Communication can be directly related to other PSFs such as environmental conditions, timing,
complexity, and crew discussions about faulty indications.

4.4 Review of Relevant Experiences

In order for the fire HRA analyst to gain a better understanding of the plant response following
an event, he should consider reviewing relevant experiences. The analyst should look at both
plant-specific events as well as industry-wide incidents to populate theses reviews. Typically, the
experience review is focused on events of a particular type with an emphasis on the associated
human performance. In this way, the analyst can truly evaluate the effect of such incidents and
gain insight into the context in which accidents can occur. Although these reviews are helpful at
the beginning of an HRA analysis, it is particularly relevant to a detailed HRA analysis in which
more specifics are necessary.

The search for relevant historical experiences will usually focus on a specific type or class of
events (e.g., a particular type of initiating event such as a fire or small LOCA). When gathering
industry-wide experiences, the analyst may want to look to the NRC Information Notices, or
similar types of information, as these notices will sometimes include summaries of example
events along with a discussion of the problems and surrounding context illustrated by these
events.

Conducting a historical review of experiences exposes the analyst to a variety of plant conditions
and plant progressions (including timing issues) that should be considered in the HRA analysis.
Furthermore, the review may reveal potential influences on operator performances (e.g., plant
conditions and associated gaps in performance shaping factors such as procedures or training)
and challenging conditions or situations the operators might encounter. Operator performance
during unusual plant conditions may reveal deficiencies in the human-centered factors that lead
the operators to make errors in responding to the situation. The study of these situations aids the
analyst in identifying the context of the incident, especially the plant conditions, the significant
PSFs, and the dependencies that set up the operators for failure. Finally, plant-specific
sensitivities or tendencies may have been influenced by a previous event, and may need to be
accounted for in the fire HRA dependency analysis. These occurrences may have been affected
by plant policies and/or the informal rules that operators follow and would thus impact the
human error probability. (A historical review of plant-specific and industry-wide events,
incidents, and accidents will aid the analyst in detailing the relevant contextual cues surrounding
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human performance. For instance, the significant PSFs driving the performance in particular
events can be identified. To this end, and as a further benefit to reviewing previous events, the
discussion among the PRA team members and operations staff is often more productive if the
specifics of a historical event can be used as an illustrative example.

4.5 Review of Plant Operations

Prior to detailed quantification, the HRA analyst should confirm with plant operational personnel
the general organizational factors affecting fire HFEs such as crew staffing, procedural and
communications protocols. Discussion with operators can often reveal that there are “informal
rules” among operators about which even the training staff maybe unaware.

Understanding how and when the fire procedures are implemented can drive the HEP results.
Operator interviews have shown that the use of the fire procedures can vary widely among plants
and sometimes the use of the procedures is at the discretion of the shift supervisor. At some
plants, the fire procedures are implemented in parallel to the EOPs and, at other plants, they are
implemented after completion of the EOPs, and, at still other plants, they are combined with
EOPs. When and how the procedures are implemented will affect PSFs such as timing, and crew
availability and workload. Othe